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INTRODUCTION AND GENERAL OVERVIEW

Bridge Diagnostics, Inc. was contracted by the National Compasite Center (NCC) to perform
load testing and load rating on a recently rehabilit ated bridge on Fairground Road ower Little
Miami River. The goals of the load testing were to verify that the new Fiber Reinforced Polymer
(FRP) de&k was ading compositely with the beans, to determine the lateral load transfer
characteristics of the bridge, and to confirm that the refurbished bridge had higher load ratings
than indicaed by traditional rating methods.

This report contains an overview of the load test procedures and evaluation methods along
with a summary of load rating results. Spedfic details relating to the test results, analysis
statistics, and load rating are provided in following sedions. Detailed information on test
procedures, analysis techniques, model cdibration, and load rating are provided in the
Appendices at the end d the report.

STRUCTURE DESCRIPTION

This bridge has recently undergone amajor rehabilit ation and reconfiguration. The bean
spadng remained the same, and the composite reinforced concrete dedk was replaced with a 4’
wider lightweight FRP floor system and asphalt-weaing surface With the aldition d grout
pockets and shea studs, the new dedk is designed to ad compositely with the beans. This
compasite adion increases the stiffness of the beams, which in turn increases the dfedive live
load cagpacity of the structure. Table 1contains adetail ed description d the structure.

Table 1 Description of Structure

Structure Identification FairgroundRoad, ower the Little Miami River

Location Greene Courty, Ohio

Structure Type Sted beam bridge with composite FRP ded system

Number of Spans 3

Span Lengths 68 /85 /68

Skew 0 (Perpendicular)

Structure/Roadway Widths | 32 / 28roadway

Beams 4 —-\W36x260 leans @ 9"— 4"

Dedck 7.5’ hdlow core FRP deck.
Trapezoidal tubes run transverse to the direction d traffic
2.0’ asphalt wearing surface(thicknessvaries)

Visual condition Structure gpears to be in good condtion, with no apparent
damage. Beams have been repainted and appea to have little to
nosedionloss
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INSTRUMENTATION AND TESTING PROCEDURE

The primary objedive of the instrumentation dan was to measure the live load response
behavior of the superstructure. The superstructure of the bridge was instrumented with 36 re-
usable strain transducers and 4 Linealy Variable Displacenent Transducers (LVDT) as shown
in Figure 1. Floor beam gages were atached to the top and bdtom flanges to measure the strain
at the extreme cwmpresson and tension fibers. The four LVDT's were located above the pier to
measure defledions in the FRP dedk. Additional gages were locaed on the underside of the
dedk to check for composite behavior as well astransverse strainsin the deck itself.

The load tests were performed by driving a 69-kip dump truck across the bridge dong
prescribed paths. Data was recorded continuously at 40Hz during each pass and the truck
paosition was monitored in order to record strain as a function d vehicle position. Axle weights
and spadng of the test truck are shown in Figure 2.

All four tests were repeated to ensure reproducibili ty in the test procedure and in the structural
resporse. One alditional test was run at high spead (45mph) to measure the dynamic resporse
of the bridge. An ouline of the test proceduresis provided in Table 2.

Table2 Test Procedures

Date October 14, 2002

Structural Reference Point X=0, Y=0 at the North face of abutment and centerline
of West fascia.

Test vehicle direction South boundfor all tests (Positive X diredion).

Start of data recording Data acquisition began with front axle &
X =-15.57

AutoClicker Position Driver side front wheel

Truck position AutoClicker recorded truck paosition a eat whed
revolution. Whed circumference =11.14'

Lateral truck path(s) 4 truck paths were defined for the load test. The Y

position refers to distance between driver side front
whed and centerline of the beam G7 (Y=0).
Y1=26.1,Y2=17.6,Y3=21.2,Y4=9.5

M easurements (44) removable strain transducers recorded at 40 Hz
Gage Placement SeeFigure 1
Number of test cycles Data was recorded while the test truck crossed the

bridge at crawl speed (<5 mph). Each truck path was
run twice to chedk reproducibility. One alditional test
was run at 45mph.
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Figure 1 Instrumentation Plan
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Figure 2 Greene County Truck Configuration

PRELIMINARY INVESTIGATION OF TEST RESULTS

All of the field data was first examined graphically to determine its quality and to provide a
qualitative assesanent of the structure©s livdoad resporse. Some of the indicaors of data
quality included reproducibility between identicd truck crosdngs, elastic behavior (strains
returning to zero after truck crossng), and unusual shaped resporses that might indicae
norlinea behavior or possble gage malfunctions.

In addtion to a data "quality check”, information olaned during the preliminary
investigation was used to determine gpropriate modeling procedures for eff ective beam, dedk,
and conrection stiffness For example, the shape of the strain histories of the gages near the
abutments dictated hav the boundary condtions were modeled. Also, the neutral axis locations
on the beams were examined to assesshow the beams were interading with the FRP deck. The
locaion and consistency of the neutral axis measurements provided information concerning the
existence of composite action and the dfedive aosssediona properties.

Conclusions made diredly from the field data were:

Resporses from identical truck paths were very reproduwcible & down in Figure 3. This
graph shows the top and bdtom flange stress histories at midspan of the center span onBeam
3 (locaion B3-d) for two identicd truck paths. All of the stresshistories had a similar degree
of reproducibili ty.

Truck wheds passng very near to the gage locations are produwcing locdized stress’ spikes
in the top flange data. As dhown in Figure 4, the spikes, in relative tension, accur as each
whed passs directly over the gage and are due to locdized deformations of the top flange.
This observationistypical of bean slab type bridges.

All of the data with the exception d one gage pair indicates that composite adion exists
between the deck and the beans. Figure 4 also ill ustrates the typicd comparison d the stress
magnitudes of the top and batom flanges, indicaing composite a¢ion. The beams' neutral
axes were measured by comparing the magnitudes of the top and bdtom flanges, indicaing
the presence of compaosite adion. Neutral axis values for the beams at midspan ranged
between 20.5and 22.1° with the exception d location B2-d, which was 18.4°. Thisindicates
adight variationin the level of composite action for each beam. The location with the lowest
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neutral axis had the lowest bottom flange stress ® the neutral axis measurement does not
coincide with alossof stiffness It islikely that locdized variationsin strain occur depending
onwhere the gages are relative to the shea studs and grout pockets.

Two gages were dso placed longitudinally on the under side of the deck next to location B2-
b. Figure5 ill ustrates that the stresshistories followed simil ar paths and were proportional to
the strains on the sted bean. This also verifies compaosite adion between the deck and the
beams.

Strains nea the autments indicaed a significant amount of end-restraint and interadion
between the dl of the beam-ends. As hown in Figure 6 negative moment was experienced at
the end d Beam 4 during truck Path 1 (over Beam 4) and pasitive moment was experienced
when the truck was traveling aong Path 4 (over Beam 1). This combination d resporses
indicaes that interadion of the bean-ends was induced by the torsiona stiffness of the
concrete ebutment block.

Maximum measured stressrearded onthe beams was 4.60 ksi, occurring at locaion B1-d.
Maximum and minimum resporses for ead truck path can be seen in Table 3. All strains
were multi plied by (29000 ksi *10°® e/ne) to oltain stressin ksi.

The maximum measured strains in the transverse diredion onthe deck were +297me and +
28me, occurring at midspan o the ded between locations B2-b and B3-b ontruck path Y 3.
The moduus of the FRP ded is required to convert the strains to stress

The high-speed test was run to examine the dynamic resporse of the bridge. When datafrom
slow and high-speel tests are compared, it is possble to estimate the impaa fador of the
bridge. As down in Figure 7, the impad fador for this bridge is approximately 10%. Use
of the AASHTO impad fador of 25% will therefore be conservative.
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Figure 3 Reproducibility of test results.

Figure 4 Localized Tension Spike
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Figure 5 Composite Action Between Dedk and Beams

Figure 6 End-restraint and interaction between beam-ends.
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Figure 7 Comparison of slow and high-speel tests.

Table 3 Maximum and Minimum Responses from Field Test

Maximum Response

Truck Run Member Transducer| Stress
Position # Description (ksi)
Y1 1 Bot. Flange - B1-d 4372 4.600
Y1 2 Bot. Flange - B1-d 4372 4.549
Y2 1 Bot. Flange - B2-b 4718 2.701
Y2 2 Bot. Flange - B3-b 6129 2.720
Y3 1 Bot. Flange - B2-b 4718 2.999
Y3 2 Bot. Flange - B2-b 4718 3.018
Y4 1 Bot. Flange - B4-d 2371 4.254
Y4 2 Bot. Flange - B4-d 2371 4.375
1'right Y2| High Speed Bot. Flange - B3-b 6129 3.013
Minimum Response

Truck Run Member Transducer| Stress
Position # Description (ksi)
Y1 1 Top Flange - B1-d 6327 -3.201
Y1 2 Top Flange - B1-d 6327 -3.176
Y2 1 Top Flange - B2-d 5694 -1.854
Y2 2 Top Flange - B2-d 5694 -1.854
Y3 1 Top Flange - B2-d 5694 -2.316
Y3 2 Top Flange - B2-d 5694 -2.359
Y4 1 Top Flange - B4-d 4371 -2.801
Y4 2 Top Flange - B4-d 4371 -2.924
1'right Y2| High Speed Top Flange - B3-d 3876 -1.851
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M ODELING, ANALYSIS, AND DATA CORRELATION

The next phase of the investigation was to develop a representative finite dement model for
the superstructure. As with most beam-slab type bridges, the bridge floor-system was modeled
as aplanar grid consisting of beam, plate, and spring elements. Elastic suppats were used at the
ends of the bridge to smulate dfeds of the suppat condtions and the continuity of the dedk
over the suppats. Figure 8 contains the mmputer-generated model of the floor system.

Once the model was developed, the load testing procedures were essentially "reproduced” in
the model. A two-dimensional "footprint” of the loading vehicle was applied to the model along
the same paths that the adual test vehicle aossd the bridge. A dired comparison d strain
values was then made between the analytical predictions and the experimentally measured
results. The initial model was "cdibrated" by modifying various properties and boundry
condtions until the results matched thase measured in the field.

The simulation d the FRP ded was smplified in the model because the actual construction
of the ded is relatively complex. Due to the nature of FRP comporents in civil structure
applicaions, the limits are generaly controlled by deflection as oppesed to stress levels.
Therefore, determination d the stresses within the dedk was nat criticd for this projed. Rather,
the goa of the deck representation was to oltain aredistic latera load transfer model. It was
desired to identify dedk properties, composed of homogeneous plate elements with transverse
stiff nesscharaderistics, which provide an equivaent lateral load dstribution.

Figure 8 Finite Element Model of Bridge and Truck

The other stiffness parameter that needed to be determined was the effective flange areaon
the stringers provided by the FRP ded. As mentioned in the Preliminary Investigation o Test
Results sedion, reutral axis measurements were inconsistent due to the wide variety of
semndary effeds observed from the top flange strain measurements and the boundary
condtions. The gproximate measured value from ead beam was used to estimate the dfedive
crosssection properties. This effective crosssedion was used for the initial model, however it
was asuumed that the model cdibration processwould change the dfedive stiff ness (eff ective-
ly).

The deck was smulated by homogeneous, isotropic plate dements. The plate thicknesswas
defined by a dedk thicknessof 7.5 inches, whil e the effedive moduus was unknovn due to the
hallow core mnstruction. A moduus of 3000 ksi was used for the initial model.

The éutment support conditions creded interesting resporse results. The beams-ends were
cast into a transverse reinforced concrete (R/C) beam, which then rested on a neoprene sheeting
over an expanded pdystyrene filler on the @utment. The FRP ded panels extended and
anchored into the transverse R/C beam. This configuration was modeled by placing springs at
both ends of each beam in addition to the transverse R/C bean.
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Stiffness properties that were seleded for calibration included the beam stiffness (Iy), dedk
stiffness (Epir), suppat condtions (Ky), and the torsiona stiffness (J) of the transverse R/C
abutment bean. Calibration d the stiffness properties was based onan optimization technique
in which the aror between the measured and computed strains was minimized. A discusson of
the optimization approach is discussed in further detail in Appendix B.

Since the modeling procedure was not detailed enough to simulate the complex resporses
observed in the deck, the dedk gages were removed from the model. Maximum stressvalues in
the dedk were recorded and nded in the Preliminary Investigation o Test Results sedion.

MODEL CALIBRATION RESULTS

Following the optimization procedures, the model produced an excdlent correlation. The
acaracy values obtained by the initial and final, cdibrated model are provided in Table 4. See
Appendix B for adescription d ead error value.

Table4 Model Accuracy Terms

Error / Accuracy Term Initial Model Fina Model
Absolute Error 1649ne 85381ne
Percent Error 15. %% 3.1%
Scde Error 3.0% 1.2%
Correlation Coefficient 0.92 0.984

The eff ective stiff ness of the beams remained fairly consistent with the values bad calculated
from the neutral axis measurements. The FRP dedk dropped slightly as expeded sincethe plates
are modeled as solid whereas the adual ded is hollow. The horizontal resistance & the pier
suppats was snal and had minimal effed on the measured resporse. A substantial resistancein
bath rotation and translation were obtained at the dutment beam beaing. The torsional stiff ness
of the transverse autment beam provided the desired interadion between the beam-ends. Table
5 contains the resulti ng properties from the model cdibration process

Table5 Model Calibration Results

Stiff nessParameter Origina Value Final Value
Exterior Beams (ly-in4) 23781 19814
Interior Beams (ly-in4) 22924 20670
Exterior Beams at Pier (ly-ind) 30939 32462
Interior Beams at Pier (ly-ind) 32458 31612
FRP Dedk Plates (Eeff-ksi) 3000 2779
Pier Springw/ ecc=-20° (Kg-kip/in) 0 362
Abut Spring (Kry-kip-in/rad) 0 1130000
Transverse R/C abutment beam (J-in4) 0 885000
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The model cdibration results suggested that there is a complex end-restraint, which was
smulated by a cmbination d adjusting the abutment spring stiffness and transverse R/C
abutment bean torsional stiffness

The fad that a very accurate model was obtained is important because it suggests that the
primary structural responses are purely linear-elastic. The locdized deformations observed in
the top flanges have little or no bearing on the bottom flange stresses or the load distribution.
This means that no slipping was occurring at the beam-dab interface and that the cmnnection was
performing satisfactory during normal service loads.

L OAD RATING PROCEDURE AND RESULTS

The goa of produwcing an acairate model was to predict the adual structure©s adual live load
behavior when subjeded to the design a rating loads. This approach is esentially identicd to
standard load rating procedures, except that a "field verified" model is used instead of atypical
beam analysis combined with load distribution fadors.

The restraints provided by the suppat condtions substantially affeded the bridge resporse.
Since the north and south ends of the bridge were @nstructed in the same manner, the end
restraint detail s can be asumed to be equal on bdh ends. The end restraint values were lowered
in the rating procedure due to the transverse R/C abutment bean being designed for expansion.
It is possble over time the end-restraint may be reduced under different condtions gich as
temperature or traffic loading. A reduced end-restraint would result in incressed midspan
moments and moments over the piers. Therefore, in an effort to maintain a cnservative rating
the observed end-restraints were reduced by afador of 50%.

Load ratings were performed onthe aljusted model with a cdculated impaad fador of 25%
acording to AASHTO spedficaions. The dead load and live load were applied to the model as
a omposite system. Member capacities were based oninitia yielding of the bottom flanges
rather than plastic moment so that the model can be mnsidered redistic up to the rating cgpaaty.
A-36 sted was assumed for the cmputation d moment cgpacities listed in Table 6.

Table6 LFD Member Capacities

Sedion Moment of Inertia(ly) | SedionModuus(S)) | Moment Capadty
(in) (in®) (kip-in)
Exterior Beams 19814 917.3 33023
Interior Beams 20306 948.9 34160
Exterior Beams at Pier 32462 1503.1 54111
Interior Beams at Pier 31612 1477.2 53179

The member cgpadties, aong with their corresponding stiff nessvalues (S), were then used as
the basis of rating for the cdibrated, compaosite model. Load rating fadors were cwmputed by
applying standard design loads and the asphalt overlay to the structure. Rating fadors were
generated for the HS-20 design vehicle.  Vehicle placement was based on AASHTO
spedficaions in which the outside wheel line was placad 2 -0° from the airb. The subsequent
vehicle paths were defined based on 1Gfoaot wide lane widths. Even though the bridge is dripped
for two 12-foot wide lanes, it is wide enough to suppat cary three 10-foot wide lanes. Latera
placement of truck paths was also defined to oltain the aitical loading for interior beans. Load
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envelopes were mmbined via superposition to generate multiple lane load condtions. Load
combinations with threelanes loaded were reduced by 10% as gedfied by AASHTO.

Deal load for the non-composite model was applied by automatic weight cdculation d the
sted members along with dead loads applied unformly to the dedk and beams to acourt for the
weight of the FRP deck and grout pockets and haunches, respectively. A load of 50 df was
applied to the exterior beans to acourt for the guardrail. A uniform overlay of 60 psf was
applied to the composite model to account for the asphalt-wearing surface. Load rating fadors
were computed using the standard rating equation spedfied in the AASHTO- Manud for
Condtion Evaluation o Bridges. Member forces obtained from the rating model are provided in
Table 7. Resulting inventory and operating load fadors due to flexural moments for the HS-20
vehicle ae provided in Table 8.

Table7 Dead L oad and Maximum HS-20 moment values.

Member Dead Load Moment (Kip-in) HS-20 (Kip-in)
Exterior Beams 3047 6925
Interior Beams 3157 6292
Interior Beams at Pier 6781 4975
Exterior Beams at Pier 6498 5614

Table8 HS-20L FD Moment L oad Rating Limits

HS-20 Truck

Member Inventory Load Limit Operating Load Limit

RF | Load Limit (tons) | RF | Load Limit (tons)
Exterior Beams 1.55 55.8 2.58 92.9
Interior Beams 1.76 63.4 2.94 105.8
Interior Beams at Pier 3.29 118.4 5.49 197.6
Exterior Beams at Pier 3.00 108.0 5.01 180.4
Governing Rating 1.55 55.8 2.58 92.9

Because the mntinued compaosite adion between the FRP dedk and the sted beans was of
concern, an attempt to obtain a wnnedion capacity was made by adapting the AASHTO shea
stud requirements in a manner to be relevant to the adual situation. The horizontal shea
cgpacity of a7/8°f studis 32.5 kps. Each stud connedion contains 3 studs providing a ultimate
horizontal shear cgpadty of 97 kips. The load required to generate 97 kips of horizontal shea is
well beyond the moment cgpacity of the bridge such that horizontal shea does not control. The
stud spadng of 24° o.c. was aso chedked for fatigue criteria & fedfied by AASHTO
10.38.5.1.1.The shea conredion detail was found to be sufficient to hande more than
2,000,00HS-2010ad cycles.

CONCLUSION AND RECOMM ENDATIONS

Conclusions made diredly from the load test data ae qualitative in nature and indicate that
the structure responced in alinea-elastic mode. Various scondary deformations were observed
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in the top flange strain histories. The deformations were due in part to the verticd wheel loads,
which are mmmonly seen in bean-slab bridge structures.

The conredion cktail s at the ebutments consist of the beams and FRP deck being cast into a
transverse reinforced concrete éutment bean. This abutment detail has resulted in an end-
restraint of approximately 27%. The dfect of the end-restraint is that mid-span moments are
significantly reduced. The transverse ébutment bean also dsplayed torsional resistance This
resulted in beam interaction at the ends of the bridge such that additional end-restraint is
available for single truck crossngs.

Defledion measurements of the FRP dedk between girders also indicae that it is adequately
stiff. Maximum live load deflections of the dedk were measured to be 0.05° which is well below
the serviceabili ty limit of 0.14° (L/800).

Since serviceability and structural safety require that the FRP dedk remain in place, it is
recommended that the structure be inspected relatively frequently and that the cndtion d the
bean-dlab interface be examined. Field tests and theoreticd calculations indicae that the
conredion is sufficient. Performance in real world situations, however, is often dfferent than
those in laboratory and theoreticd settings.  Frequent inspedion d the bridge, and pimarily the
interface between the dedck and beams, is therefore recommended.

The load rating fadors and conclusions presented in this report are provided as
recommendations based on the structure©s response behavior and condtion at the time of load
testing. Any structural degradation must be mnsidered in future load ratings. Note that no eff ort
was made to assessthe condtion a cgpadty of the ebutments.

MEASURED AND COMPUTED STRAIN COMPARISONS

While statisticd terms provide a means of evaluating the relative acuracy of various
modeling procedures or help determine the improvement of amodel during a cdibration process
the best conceptual measure of a model©s acairacy is by visual examination d the resporse
histories. The foll owing graphs contain measured and computed stresshistories from each truck
path. In each graph the continuous lines represent the measured strain at the specified gage
locaion as a function d truck pasition as it traveled acrossthe bridge. Computed stresses are
shown as markers at discrete truck intervals.
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Figure 9 Comparison of Measured and Computed Stress- L ocation B3-d

Figure 10 Comparison of Measured and Computed Stress- L ocation B1-d
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Figure 11 Comparison of Measured and Computed Stress- L ocation B4-d

Figure 12 Comparison of Measured and Computed Stress- L ocation B2-c
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Figure 13 Comparison of Measured and Computed Stress- L ocation B1-c

Figure 14 Comparison of Measured and Computed Stress- L ocation B3-b
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Figure 15 Comparison of Measured and Computed Stress- L ocation B2-b

Figure 16 Comparison of Measured and Computed Stress- L ocation Bl-a
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Figure 17 Comparison of Measured and Computed Stress- L ocation B3-a

Figure 18 Strain Magnitudes of Transverse Dedk Gages
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APPENDIX A —FIELD-TESTING PROCEDURE

The motivation for developing a relatively easy-to-implement field-testing system was to
allow short and medium span bridges to be tested ona routine basis. Original development of
the hardware was started in 1988 at the University of Colorado urder a mntrad with the
Pennsylvania Department of Transportation (PennDOT). Subsequent to that projed, the
Integrated Technique was refined on ancther study funded by the Federal Highway
Administration (FHWA) in which 35 bridges located on the Interstate system throughou the
courtry were tested and evaluated. Further refinement has been implemented ower the last
several years through testing and evaluating severa more bridges, lock gates, and daher
structures.

The rea key to being able to complete the field-testing quickly is the use of strain transducers
(rather than standard foil strain gages) that can be dtadhed to the structural members in just a
few minutes. These sensors were originally developed for monitoring dynamic strains on
foundition gles during the driving process They have been adapted for use in structural testing
through speda modificaions, and have 3 to 4 percent accuracy, and are periodicdly re-
cdibrated to NIST standards.

In addition to the strain sensors, the data aquisition hardware has been designed specificdly
for field use through the use of rugged cables and military-style connedors. This all ows quick
asembly of the system and keeps bookkeeping to a minimum. The analog-to-digital converter
(A/D) is an df-the-shelf-unit, bu al signal condtioning, amplification, and kelancing hardware
has been speaally designed for structural testing. The test software has been written to allow
easy configuration (test length, etc.) and operation. The end result is a system that can be used
by people other than computer experts or eledricd engineas. Other enhancements include the
use of an automatic remote-control position indicaor. The Autoclicker, a device that
eledronically courts whed revolutions, is mourted onthe test vehicle over one of the wheds.
As the test vehicle aosses the structure dong the preset path, a coommunication radio sends a
signal to the strain measurement system that recaves it and pus a mark in the data. This allows
the field strains to be mmpared to analyticd strains as afunction d vehicle position, nd only as
afunction d time.

The use of amoving load as oppased to pladng the truck at discrete locations has two major
benefits. First, the testing can be completed much quicker, meaning there is less impad on
traffic. Seoond, and more importantly, much more information can be obtained (both
guantitative and qualitative). Discontinuities or unusual resporses in the strain histories, which
are often signs of distress, can be eaily deteded. Sincethe load pasitionis monitored as well, it
iseasy to determine what loading condtions cause the observed effects. If readings are recorded
only at discred truck locations, the risk of losing information between the points is great. The
advantages of continuous readings have been proven over and over again.

The following list of procedures has been reproduced from the BDI Structural Testing System
(STS) Operation Manual. This outline is intended to describe the general procedures used for
completing a successful field test on ahighway bridge using the BDI-STS. Other types of structures
can be tested aswell with orly dlight deviations from the diredions given here.

Once atentative instrumentation plan has been developed for the structure in question, the strain
transducers must be dtached andthe STS prepared for running the test.

LOAD TEST AND RATING REPORT, FAIRGROUND ROAD BRIDGE, GREENE COUNTY, OHIO



ATTACHING STRAIN TRANSDUCERS

There are two methods for attaching the strain transducers to the structural members. C-
clamping or with tabs and adhesive. For sted structures, qute often the transducers can be
clamped dredly to the sted flanges of rolled sedions or plate girders. If significant lateral
bending is assumed to be present, then one transduce may be damped to ead edge of the
flange. If the transducer is to be clamped, insure that the damp is centered owver the mourting
hoes. In genera, the transducers can be damped dredly to painted surfaces. However, if the
surface being clamped to is rough o has very thick paint, it shoud be deaned first with a
grinder. The dternative to clamping is the tab attachment method oulined below.

1. Placetwo tabsin mounting jig. Placetransducer over mounts and tighten the 1/4-20 nus
until they are snug (approximately 50in-1b.). This procedure dl ows the tabs to mourted
withou putting stresson the transducer itself. When attaching transducers to R/C members,
transducer extensions are used to oltain alonger gage length. Inthis casethe extensionis
bdted to ore end d the transducer and the tabs are balted to the free ends of the transducer
and the extension.

2. Mark the centerline of the transducer location onthe structure. Place marks 1-1/2 inches on
either side of the centerline and using a hand ginder, remove paint or scale from these aeas.
If attaching to concrete, lightly grind the surfaceto remove any scde. If the paint is quite
thick, use a disel to remove most of it before grinding.

3. Very lightly grind the battom of the transducer tabs to remove any oxidation a other
contaminants.

4. Apply athinline of adhesive to the bottom of each transducer tab.
5. Spray ead tab and the contad area on the structural member with the alhesive acelerator.

6. Moun transducer inits proper location and apply alight forceto the tabs (nat the center of
the transducer) for approximately 10 seconck.

If the &owve steps are followed, it shoud be possble to mount ead transducer in
approximately five minutes. When the test is complete, carefull y loosen the 1/4-20 nus from the
tabs and remove transducer. If one is not careful, the tab will poploose from the structure and
the transducer may be damaged. Use vice grips to remove the tabs from the structure.

ASEMBLY OF SYSTEM

Once the transducers have been mourted, they shoud be cnrected into an STS unit. The
STS units $iodd be placed nea the transducer locaions in such a manner to alow four
transducers to be plugged in. Eadh STS unit can be eaily clamped to the bridge girders. If the
structure is concrete and noflanges are avail able to set the STS units on, transducer tabs glued to
the structure and dastic zip-ties or small wire can be used to hdd them up. Sincethe transducers
will i dentify themselves to the system, there is no speaa order that they must follow. The only
information that must be recorded is the transducer seriad number and its locaion on the
structure. Large cables are provided which can be wnneded between the STS units. The
maximum length between STS units is 50ft (15m). If several gages are in close proximity to
eat aher, then the STS units can be plugged dredly to each ather without the use of a cdle.
All conredorswill " click" when the conrection has been completed properly.
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Once dl of the STS units have been conneded in series, ore cable must be run and conreded
to the power suppy locaed nea the PC. Conred the 9-pin seria cable between the computer
and the power suppdy. The pasition indicator is then assembled and the system conneded to a
power source (either 12VDC or 120-240AC). The system is now ready to acquire data.

PERFORMING LOAD TEST

The general testing sequenceis as foll ows:

1. Transducers are mournted and the system is conrected together and turned on.

2. Thededk ismarked ou for ead truck pass Locate the point onthe dedk diredly above the
first beaing for one of the fasciabeams. If the bridge is skewed, the first point encourtered
from the diredion d travel is used and an imaginary line extended aaossand namal to the
roadway. All testsare started from thisline. In order to track the paosition d the loading
vehicle on the bridge during the test, an X-Y coordinate system, with the origin at the
seleded referencepoint islaid ou.

In addition to monitoring the longitudinal position, the vehicle©s transverse paosition must
be known. The transverse truck pasitionis kept uniform by first aligning the truck in the
center of the lane where it would namally travel at highway speed. Next, a chak mark is
made on the deck locating the transverse location d the driver©s sde front whed. By making
ameasurement from this mark to the reference point, the transverse ("Y") position d the
truck isalways known. Thetruck isaligned onthismark for al subsequent testsin thislane.
For two lane bridges with shouders, tests are run onthe shouder (driver©s sde front wheel
along the white line) and in the ceanter of each lane. If the bridge has only two lanes and
very littl e shouder, tests are runin the center of each lane only. If the purpose of the test is
to cdibrate acomputer model, it is sometimes more @wnvenient to simply use the lane lines
asguides snceit iseasier for the driver to maintain a wnstant lateral position. Resporses
dueto criticd truck pasitions are then oltained by the analysis.

The driver isinstructed that the test vehicle must be kept in the proper location onthe
bridge. For example, the left front whed needs to be kept on the white line for the shouder
tests. Ancther important item is that the vehicles maintain arelatively constant rate of speed
during the entiretest. The processof converting datato afunction d truck position assumes
constant speed between eadch click mark.

Two more pieces of information are then needed: the axle weights and dmensions of the
test vehicle. Thedriver generally provides the axle weights, after stopping at aloca scale.
However, aweight enforcement team can use portable scades and weigh the truck at the
bridge site. Wheelbase and axle width dmensions are made with a tape measure and
recorded.

3. Theprogram is garted and the number of channelsindicaed is verified. If the number of
channelsindicaed do na match the number of channels adually there, amalfunction has
occurred and must be @rreded before testing commences.

LOAD TEST AND RATING REPORT, FAIRGROUND ROAD BRIDGE, GREENE COUNTY, OHIO



10.

The transducers are initi alized (zeroed out) with the Balance option. If atransducer canna
beinitiali zed, it shoud be inspeded to ensure that it has not been damaged.

The desired test length, sample rate, and ouput file name are seleded. In general, alonger
test time than the adual event is seleded. For most bridge tests, a one or two-minute test
length will suffice sincethe test can be stopped as onas the truck crosses completely over
the structure.

To fadlit ate presenting data & a function d load pasition, rather than time, two items
describing the Pl information must be defined. The starting position and Pl interval distance
allow the datato be plotted using position coordinates that are consistent with a numeric
analysis. The starting position refersto the longitudinal position d theload vehiclein the
model coordinate system when the datarecording is garted. Theinterval distanceisthe
circumference of thetire that is being used by the Autoclicker. It isimportant that this
information ke dearly defined in thefield naes.

If desired, the Monitor option can be used to verify transducer output during atrial test.
Also, it is useful to runa Position Indicator (PI) test whilein Monitor to ensure that the dicks
are being received properly.

When all parties are ready to commencethe test, the Run Test optionis ssleded which paces
the system in an adivated state. The Autoclicker is positioned so that thefirst click occurs
at the starting line.  Thisfirst click starts the test. The Autoclicker also pus one mark in the
datafor every whed revolution. An effort shoud be made to get the truck aaosswith no
other traffic onthe bridge. There shoud be notalking over the radios during the test, as a
“pasition® will be rearded each time the microphones are adivated.

When the test has been completed, and the system is gill recording data, hit "'S" to stop
colleding data and finish writing the recorded datato dsk. If the datafilesarelarge, they
can be coompressed and copied to floppy disk.

It isimportant to record the field naes very carefully. Having data withou knowing where it
was recorded can be worse than having no cata a al. Transducer locaion and seria
numbers must be recorded acarately. All future data handing in BDI-GRF is then
acomplished by keying on the transducer number. This system has been designed to
eliminate the need to tradk channel numbers by keeping this processin the badkground.
However, the STS unit and the transducer©s conrector number are recorded in the datafil e if
needed for future hardware evaluations.
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APPENDIX B - MODELING AND ANALYSIS: THE INTEGRATED APPROACH

INTRODUCTION

In order for load testing to be apracticd means of evaluating short- to medium-span bridges,
it is apparent that testing procedures must be econamic to implement in the field and the test
results translatable into a load rating. A well-defined set of procedures must exist for the field
applicaions as well as for the interpretation d results. An evaluation approach based onthese
requirements was first developed at the University of Colorado duing a reseach projed
sporsored by the Pennsylvania Department of Transportation (PennDOT). Over several years,
the techniques originating from this projed have been refined and expanded into a wmplete
bridge rating system.

The ultimate goal of the Integrated approad is to oltain redistic rating values for highway
bridges in a st effective manner. This is acamplished by measuring the response behavior of
the bridge due to a known load and determining the structural parameters that produce the
measured resporses. With the avail abili ty of field measurements, many structural parametersin
the analyticd model can be evaluated that are otherwise mnservatively estimated or ignored
entirely. Items that can be quantified through this procedure include the dfeds of structura
geometry, effedive beam stiffness redistic suppat condtions, effeds of parapets and aher
nonstructural comporents, lateral load transfer cgpabiliti es of the dedk and transverse members,
and the dfeds of damage or deterioration. Often, lridges are rated poaly becaise of inacarate
representations of the structural geometry or because the material and/or crosssedional
properties of main structural elements are not well defined. A redistic rating can be obtained,
however, when al of the relevant structural parameters are defined and implemented in the
analysis process

One of the most important phases of this approad is a qudlitative evaluation d the raw field
data Muchisleaned duing thisstep to aid in the rapid development of a representative model.

INITIAL DATA EVALUATION

The first step in structural evaluation consists of a visual inspedion d the data in the form of
graphic resporse histories. Graphic software was developed to dsplay the raw strain data in
various forms. Strain histories can be viewed in terms of time or truck pasition. Since strain
transducers are typicdly placed in pairs, neutral axis measurements, curvature resporses, and
strain averages can also be viewed. Linearity between the resporses and load magnitude can be
observed by the @ntinuity in the strain histories. Consistency in the neutral axis measurements
from bean to bean and asafunction d load pasition provides great insight into the nature of the
bridge condtion. The diredion and relative magnitudes of flexural responses along a beam line
are useful in determining if end restraints play a significant role in the resporse behavior. In
genera, the initial data inspedion provides the engineer with information concerning modeling
requirements and can help locate damaged aress.

Having strain measurements at two depths on each beam crosssection, flexural curvature and
the locdion d the neutral axis can be mmputed dredly from thefield data. Figure 19ill ustrates
how curvature and neutral axis values are computed from the strain measurements.
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Figure 191llustration of Neutral Axisand Curvature Calculations

The onsistency in the N.A. values between beams indicaes the degree of consistency in
beam tiffness Also, the consistency of the N.A. measurement on a single beam as afunction o
truck pasition provides agood quality ched for that beam. If for some reason abean's giffness
changes with respect to the gplied moment (i.e. loss of composite action a loss of effedive
flange width dueto a deteriorated dedk), it will be observed by ashift inthe N.A. history.

Since strain values are trandated from a function d time into a function d vehicle position on
the structure and the data aquisition channel and the truck position tradked, a cnsiderable anount
of bodk keeiing is required to perform the strain comparisons. In the past, this required
manipulation d result files and spreadsheds which was tedious and a mgor source of error. This
processin nowv performed automaticaly by the software and dl of the information can be verified
visudly.

FINITE ELEMENT MODELING AND ANALYSIS

The primary function d the load test data is to aid in the development of an acairate finite
element model of the bridge. Finite dement analysis is used because it provides the most
genera tod for evaluating various types of structures. Since a omparison d measured and
computed resporses is performed, it is necessary that the analysis be @le to represent the actual
resporse behavior. This requires that adual geometry and bound@ry conditions be redisticdly
represented. In maintaining reasonable modeling efforts and computer run times, a cetan
amourt of simplicity is aso required, so a planar grid model is generated for most structures and
linea-elastic resporses are asumed. A grid o frame dements is assembled in the same
geometry as the adual structure. Frame dements represent the longitudinal and transverse
members of the bridge. The load transfer characteristics of the ded are provided by attaching
plate dements to the grid. When end restraints are determined to be present, elastic spring
elements having both trandational and rotational stiffness terms are inserted at the suppat
locations.
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Loads are gplied in a manner similar to the actual load test. A modd of the test truck,
defined by a two-dimensional group d point loads, is placeal onthe structure model at discrete
locaions along the same path that the test truck followed duing the load test. Gage locaions
identicd to those in the field are dso defined on the structure model so that strains can be
computed at the same locations under the same loading conditions.

EVALUATION OF ROTATIONAL END RESTRAINT

A common requirement in structural identificaion is the neal to determine dfedive spring
stiffnesses that best represent in-situ suppat condtions. Where & it is generally simple to
evaluate aspring constant in terms of moment per rotation, the value generally has littl e meaning
to the engineer. A more mnceptual approach is to evaluate the spring stiffnessas a percentage of
a fully restrained condtion. For example: 0% being a pinned condtion and 1006 being fixed.
This is best accomplished by examining the ratio of the beam or slab stiffnessto the rotational
stiffnessof the suppat.

As an ill ustration, a point load is applied to a ssmple bean with eastic suppats, see Figure
20. By examining the moment diagram, it is apparent that the ratio of the end moment to the
midspan moment (MJ/My,) equals 0.0if the rotational stiffness(K,) of the springsis equal to 0.Q
Conwversaly, if the value of K, is =t to infinity (rigid) the moment ratio will equal 1.0.If afixity
term is defined as the ratio (MJ/My,), which ranges from 0 to 100 grcent, a more acnceptual
measure of endrestraint can be obtained.

The next step isto relate the fixity term to the adual spring stiffness(K;). The degreeto which
the K, effeds the fixity term depends on the bean or slab stiffness to which the spring is
attached. Therefore the fixity term must be related to the ratio of the beam/spring stiffness
Figure 21 contains a graphicd representation d the end restraint effed on a simple beam. Using
the graph, a onceptual measure of end-restraint can be defined after the beam and spring
constants are evaluated through structural identification techniques.

Figure 20 Moment Diagram of Beam with Rotational End Restraint.
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Figure 21 Relationship Between Spring Stiffness and Fixity Ratio.

MODEL CORRELATION AND PARAMETER MODIFICATION

The acarracy of the modd is determined numericdly by the analysis using several statisticd
relationships and through visual comparison d the strain histories. The numeric accuracy values
are useful in evauating the effed of any changes to the model, where & the graphicd
representations provide the engineer with the best perception for why the mode is respondng
differently than the measurements indicate. Member properties that cannat be acairately defined
by conventional methods or diredly from the field data ae evaluated by comparing the
computed strains with the measured strains. These properties are defined as variable and are
evaluated such that the best correlation between the two sets of data is obtained. It is the
enginea's resporsibility to determine which parameters need to be refined and to assgn redistic
upper and lower limits to eahy parameter. The evaluation d the member property is
acomplished with the ad of a parameter identificaion pocess (optimizer) built into the
anaysis. In short, the process consists of an iterative procedure of analysis, data comparison,
and parameter modification. It isimportant to nde that the optimization pocessis merely atod
to help evaluate various modeling parameters. The process works best when the number of
parameters is minimized and reasonableinitial values are used.

During the optimization rocess various error values are mwmputed by the analysis program
that provides a quantitative measure of the model acaracy and improvement. The aror is
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guantified in four different ways, each providing a diff erent perspedive of the model©s abili ty to
represent the adual structure; an absolute eror, a percent error, a scade aror and a correlation
coefficient.

The absolute error is computed from the asolute sum of the strain dfferences. Algebraic
diff erences between the measured and theoreticd strains are computed at ead gage location for
eat truck paosition wsed in the analysis, therefore, several hunded strain comparisons are
generally used in this cdculation. This quantity is typicdly used to determine the relative
acaracy from one model to the next and to evaluate the dfect of various gructural parameters.
It is used by the optimization algorithm as the objedive function to minimize. Because the
absolute eror isin terms of micro-strain (me) the value can vary significantly depending on the
magnitude of the strains, the number of gages and number of different loading scenarios. For
this reason, it has little conceptual value except for determining the relative improvement of a
particular model.

A percent error is cdculated to provide a better qualitative measure of acaracy. It is
computed as the sum of the strain dfferences gjuared dvided by the sum of the measured strains
squared. The terms are squared so that error values of different sign will nat cancd eadh aher
out, and to pu more emphasis on the aea with higher strain magnitudes. A model with
aaceptable accuracy will usually have apercent error of lessthan 10%.

The scale aror is smilar to the percent error except that it is based onthe maximum error
from each gage divided by the maximum strain value from each gage. This number is useful
because it is based orly on strain measurements recorded when the loading vehicle is in the
vicinity of each gage. Depending on the geometry of the structure, the number of truck
positions, and various other fadors, many of the strain readings are esentially negligible. This
error function uses only the most relevant measurement from each gage.

Ancther useful quantity is the correlation coefficient, which is a measure of the lineaity
between the measured and computed data. This value determines how well the shape of the
computed resporse histories match the measured resporses. The crrelation coefficient can have
a vaue between 1.0 (indicating a perfed linea relationship) and -1.0 (exad oppdaite linea
relationship). A good model will generaly have acorrelation coefficient greder than 0.90. A
poar correlation coefficient is usually an indicaion that a major error in the modeling process
has occurred. Thisis generally caused by poa representations of the boundary condtions or the
loads were gplied incorredly (i.e. truck traveling in wrong diredion).

The following table mntains the eguations used to compute each of the statisticd error values:

LOAD TEST AND RATING REPORT, FAIRGROUND ROAD BRIDGE, GREENE COUNTY, OHIO



Table9 Err or Functions

ERROR FUNCTION EQUATION
Absolute Error & lem-ecl
Percent Error . .

4 em-ec)?/ &(em)?
Scde Error

a max|em- 9C|gage

a max| Emlgage

Correlation Coefficient é(em';n)(ec-;;)

é>‘\/(E‘m‘;n)2(t9c‘a:)2

In addition to the numericd comparisons made by the program, periodic visual comparisons
of the resporse histories are made to oltain a nceptual measure of acaracy. Again,
engineaing judgment is esential in determining which parameters shoud be aljusted so as to
obtain the most acarate model. The seledion o adjustable parameters is performed by
determining what properties have a significant effed on the strain comparison and determining
which values canna be acarately estimated through conventional engineering procedures.
Experience in examining the data comparisons is helpful, howvever, two general rules apply
concerning model refinement. When the shapes of the cmmputed resporse histories are similar to
the measured strain records but the magnitudes are incorred this implies that member stiff ness
must be ajusted. When the shapes of the computed and measured resporse histories are nat
very similar then the boundary condtions or the structural geometry are not well represented and
must be refined.

In some caes, an accurate model canna be obtained, particularly when the resporses are
observed to be nonlinear with load pasition. Even then, a grea deal can be leaned abou the
structure and intelligent evaluation deasions can be made.

LOAD TEST AND RATING REPORT, FAIRGROUND ROAD BRIDGE, GREENE COUNTY, OHIO



APPENDIX C - LOAD RATING PROCEDURE

For borderline bridges (those that cdculations indicate aposting is required), the primary
drawback to conventiona bridge rating is an oversimplified procedure for estimating the load
applied to a given bean (i.e. whed load dstribution fadors) and a poor representation d the
beam itself. Due to lak of information and the neel for conservatism, material and cross
sedion properties are generally over-estimated and bean end supports are asumed to be simple
when in fact even relatively smple beam bearings have a substantial effed on the midspan
moments. Inaccurades associated with conservative asumptions are ommpouncded with complex
framing geometries. From an analysis gandpant, the goal here is to generate amodel of the
structure that is capable of reproducing the measured strains. Dedsions concerning load rating
are then based onthe performance of the model onceit is proven to be accurate.

The main pupose for obtaining an acarate modd is to evaluate how the bridge will respond
when standard design loads, rating vehicles or permit loads are applied to the structure.  Sinceload
testing is generaly not performed with all of the vehicles of interest, an analysis must be performed
to determine load-rating fadors for ead truck type. Load rating is acaomplished by applying the
desired rating loads to the model and computing the stresses on the primary members. Rating
fadors are mmputed using the equation spedfied inthe AASHTO Manual for Condition Evaluation
of Bridges - seeEquation (1).

It is important to understand that diagnaostic load testing and the integrated approadh are most
applicable to obtaining Inventory (serviceload) rating values. Thisis becaise it is assumed that all
of the measured and computed resporses are linea with resped to load. The integrated approad is
an excdlent method for estimating service load stress values but it generaly provides little
additiona information regarding the ultimate strength of particular structura members. Therefore,
operating rating values must be @mmputed wsing conventional assumptions regarding member
cgoadty. This limitation of the integrated approacd is not viewed as a serious concen, howvever,
because load responses gould never be permitted to read the inelastic range.

Operating and/or Load Fador rating values must also be computed to ensure afador of safety
between the ultimate strength and the maximum alowed service loads. The safety to the public is
of vital importancebut aslong as load limits are imposed such that the structure is not damaged then
safety isnolonger an issue.

Following is an outline describing how field datais used to help in developing a load rating for
the superstructure. These procedures will only complement the rating process and must be used
with due nsideration to the substructure and inspection reports.

1. Preliminary Investigation: Verificaion d linear and elastic behavior through continuity of
strain histories, locae neutral axis of flexural members, deted moment resistance a@ beam
suppats, and qualitatively evaluate behavior.

2. Develop representative model: Use graphic pre-processors to represent the acual geometry
of the structure, including span lengths, girder spacing, skew, transverse members, and ded.
Identify gage locations on mode identicd to those gplied in the field.

3. Simulate load test on computer model: Generate 2-dimensional model of test vehicle and
apply to structure model at discrete positions along same paths defined during field tests.
Perform analysis and compute strains at gage location for each truck pasition.
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4. Compare measured and initial computed strain values: Various global andlocd error
values at each gage locdion are computed and visual comparisons made with pcst-procesor.

5. Evaluate modeling parameters: Improve model based on dita comparisons. Engineering
judgment and experience is required to determine which variables are to be modified. A
combination d dired evaluation techniques and parameter optimization are used to oltain a
redistic model. General rules have been defined to simplify this operation.

6. Model evaluation: In some caesit isnot desirable to rely on secondary stiffening effeds if
it islikely they will not be dfedive a higher load levels. It isbeneficial, though, to quantify
their effeds onthe structural resporse so that a representative cmputer model can be
obtained. The stiffening eff ects that are deamed unreliable can be diminated from the model
prior to the computation d rating factors. For instance if anon-composite bridgeis
exhibiting compasite behavior, then it can conservatively be ignored for rating purposes.
However, if it hasbeenin servicefor 50 yearsand it is gill behaving compositely, chances
are that very heavy loads have aossed ower it and any bord-breaking would have drealy
occurred. Therefore, probably some level of composite behavior can berelied upon. When
unintended compasite adionis allowed in the rating, additional load limits shoud be
computed based onan all owable shear stressbetween the sted and concrete and an utimate
load of the noncomposite structure.

7. Perform load rating: Apply HS-20 and/or other standard design, rating and permit loads to
the cdibrated model. Rating and pasting load configuration recommended by AASHTO are

LOAD TEST AND RATING REPORT, FAIRGROUND ROAD BRIDGE, GREENE COUNTY, OHIO



shownin

Axle Loads 8 32 32
(kips)
14.0° 14.0° to 30.0°
Axle No. 1 2 3

HS-20 VEHICLE WEIGHT = 72 KIPS (36 TONS)

Axle Loads 16 17 17
(kips)
15.0° 4.0°
Axle No. 1 2 3

TYPE 3 VEHICLE WEIGHT = 50 KIPS (25 TONS)

Axle Loads 10 15.5 15.5 15.5 15.5
(kips)
11.0° 4.0 22.0° 4.0
Axle No. 1 2 3 4 5

TYPE 3S2  VEHICLE WEIGHT = 72 KIPS (36 TONS)

Axle Loads 12 12 12 16 14 14
(kips)
15.0 4.00 15.00 16.0' 4.0
Axle No. 1 2 3 4 5 6

TYPE 3-3 VEHICLE WEIGHT = 80 KIPS (40 TONS)

8. Figure 22.The same rating equation spedfied by the AASHTO - Manual for the Condition
Evaluation of Bridgesis applied:

- C-AMD ()
 AoL(i+ )
where:
RF= Rating Fador for individual member.
= Member Capacity.
= Dead-Load effect.
= Live-Load effect.

A; = Fador applied to dead-load.
A, = Fador appliedto live-load.
= Impact effed, either AASHTO or measured.

The only difference between this rating technique and standard beam rating programsisthat a
more redistic model is used to determine the dead-load and live-load effects. Two-dimensional
loading techniques are applied because whed load dstribution fadors are nat applicable to a
planar model. Stress envelopes are generated for severa truck paths, envelopes for paths
separated by normal lane widths are coombined to determine multi ple lane loading effeds.
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9. Consider other factors: Other factors sich asthe cndtion d the dedk and/or substructure,
traffic volume, and aher information in the inspection report shoud be taken into
consideration and the rating fadors adjusted accordingly.

Axle Loads 8 32 32
(kips)
14.00 14.0° to 30.0¢
Axle No. 1 2 3

HS—20 VEHICLE WEIGHT = 72 KIPS (36 TONS)

Axle Loads 16 17 17
(kips)
15.0° 4.0
Axle No. 1 2 3

TYPE 3 VEHICLE WEIGHT = 50 KIPS (25 TONS)

Axle Loads 10 15,5 155 155  15.5
(kips)
11.0° 4.0’ 22.0° 4.0
Axle No. 1 2 3 4 5
TYPE 3S2 VEHICLE WEIGHT = 72 KIPS (36 TONS)
Axle Loads 12 12 12 16 14 14
(kips)
15.0° 4.0’ 15.0" 16.0° 4.0
Axle No. 1 2 3 4 5 6

TYPE 3-3 VEHICLE WEIGHT = 80 KIPS (40 TONS)

Figure 22 AASHTO rating and posting load configurations.
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