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Executive Summary

The test program documented in this report covered simply
supported, steel girder bridges with spans from 20 to 30 m. The
objective of the tests was to verify girder distribution factors (GDF) for
interior girders, dynamic load factors (DLF), and load carrying capacity
for the bridges selected. In addition, the tests were to check the
efficiency of two new equipment systems: wireless transmitters to
replace the cables, and an optical deflection measL’lrement device.

Six bridges were instrumented and loaded with héavy 11-axle
trucks. The results were obtained for one truck-and two trucks side-
by-side. The vehicles were moving at crawling speed for the static load
measurement and at a regular speed for the dynamic load
fneasurement. Two truck positions were considered for each case:
close to the curb and center of the traffic lane. The strains for both
trucks when placed in same lane position are practically the same,
which confirms the repeatability of the results.. The measured
maximum static strains were also the same for crawling speed and a

regular speed.

The tested bridges were simply supported structures, however

one of them was continuous over the piers with pin-hangers in the
adjacent spans. The -maximum measured strain was less than 210 e,
except of the bridge with pin-hangers for which the strains were less
than 348 pe. Lower than expected strain values were due to partial
fixity of supports, and flexural stiffness of the deck slab, sidewalks,

parapets and curbs.

The field tests confirmed that the code specified GDF's, for a
single lane and for two lane traffic, are conservative, for both AASHTO

LRFD (1998} and AASHTO Standard (1996). For evaluation of existing

1ii



steel girder bridges, it is recomménaed to use AASHTO LRFD (1998)
GDF's. For low traffic volume bridges (ADTT < 1000}, GDF's specified
for a single lane can be used for two lane structures, because of a
reduced probability of a simultaneous occurrence of two heavy trucks

side-by-side.

Thé dynamic load factors (DLF) obtained from the tests for a
single truck is about 0.20. For two trucks side~by-side, DLF is less than
0.10 for all the bridges except of bridge B01-59041 for which it is
- about 0.14. However, in case of the latter bridge,’ the value of DLF is
overestimated. Therefore, for evaluation of existing steel girder'
bridges it is recommended to use DLF = 0.10 for .two lane loading, and
DLF = 0.20 for a single truck load case.

An advanced finite element analysis was performed and the
results are compared with the test results. It was observed that the
most important and difficult task is the selection of the boundary
conditions (in particular support conditions). The actual bridge
behavior was modeled by assuming a partial fixity of the supports

(fixed hinges and restrained rotation).

There were some problems with wireless transmitters
(interference, poor connections, range), and there is ‘a need for
further field trials. .The measurement of deflection using the optical
device by Noptel provided good results. However, there is a need to
purchase additional units to measure the deflection at several points

simultaneously (only one unit was available for this project).
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1. Introduction and Literature Survey
1.1 Introduction

A rational bridge management requires a good knowledge of the
actual loads, load distribution, load effects and structural condition
(load carrying capacity). Therefore, evaluation of existing structures is
very important. Efficient management of bridges will depend even
more on reliable data on loads and resistance. Yet, there is a
considerable number of bridges which are vefry difficult, if not
impossible, to evaluate using traditional inspection methods and
analysis. For example, this applies to many deteriorated structures
(severe corrosion, cracking), and those for which the documentation
is missil:lg. It also may apply to structures showing difficult to explain
behavior {excessive vibration, deflection, accelerated deterioration,

and so on}. -

There is a growing need for developing efficient procedures for
evaluation of the actual load spectra, load distribution, actual strength
and predict the remaining life of the str_ucture.' There is a need to
verify if the currently used girder distribution factors are too
conservative. The research work carried out in 1997-98 focused on
short span (about 10-18 m) steel girder .b_ridges. Therefore, this
project is focused on medium span girder bridges (20-30 m), with the
objective to develop efficient procedures for bridge evaluation and
diagnostics, including both analytical methods and field testing.

Field testing is an increasingly important topic in the effort to
deal with the deteriorating infrastructure, in particular bridges and
pavements. There is a need for accurate and inexpensive methods for
diagnostics, verification of load distribution and determination of the

actual load carrying capacity.



Recent studies indicate that 40 percent of the national bridges
are deficient. The major factors that have contributed to the present
situation are: the age, inadequate maintenance, increasing load spectra
and environmental contamination. The deficient bridges are posted,
repaired or replaced. The disposition of bridges involves clear
economical and safety implications. To avoid high costs of replacement
or repair, the evaluation must accurately reveal the present load
carrying capacity of the structure and predici; lqads and any further

changes in the capacity (deterioration) in the applicable time span.

Accuracy of bridge evaluation can be improved by using the
recent developments in bridge diagnostics, structural tests, material
tests, and structural analysis. Advanced diagnostic procedures can be
applied to evaluation of the current capacity of the structure,
monitoring of load and resistance history and evaluation of the
accumulated damage. Full scale bridge tests provide very useful
information about the structural behavior. There is a need for
significantly more test data, covering various bridge types. However,
extensive test programs are very éosﬂy. Therefore, a considerable
effort should be directed towards evaluation and improvement of the

current analytical methods, on the basis of available test data.

A considerable number of Michigan bridges were constructed in
1950’'s and 1960’s. Many of them show signs of deterioration. In
particular, there is severe corrosion on many steel and concrete
structures. By analytical methods, some of these bridges are not
adequate to carry normal highway traffic. However, the actual load
carrying capacity is often much higher than what can be determined
by conventional analysis, due to more favorable load sharing, effect of
non-structural components (parapets, railing, sidewalks), and other

difficult to quantify factors. Field testing, in particular proof load
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testing can reveal the hidden strength reserve and thus verify the

adequacy of the bridge.

An important consideration in field testing is traffic control
There is a need for testing methods which do not require closure of
the bridge or even a lane. Therefore, in the study, we also employed
remote sensing techniques, in particular infrared beam-based
deflection measurement system by Noptel Oy, and wireless transfer of

the signal from strain transducers to the data acquisition system.

The Michigan Guide for Evaluation of Existing Bridges has been
developed as a result of Phase 1 of this project. . The Guide includes
~ analytical procedures for evaluation, selection criteria for field tests,
and procedures for field tests (diagnostic, weigh-in-motion, and proof
load). This study focuses on the girder distribution factors for medium
span bridges (spans of 20-30 m) and it involves diagnostic field testing
to verify the load distribution factors, development of practical proof
load procedures using remote sensing, and efficient '_interpretation of

the results.
1.2 Literature Review

The new available literature was reviewed for the period since
the Phase I report was completed. No new publications were found
dealing with field tests to verify the girder distribution factors and
dynamic load factors. The only new related papers were dealing with
the finite element analysis. '

Extensive research using analytical methods has been conducted
to improve the techniques used in the analysis and the design of slab-
on-beamn bridges. Available theoretical methods vary with regard to

the procedure, assumptions, and accuracy. Bridge superstructures can
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be idealized for theoretical analysis in many different ways. Various
assumptions and simplifications used in the idealization of the bridge
can have a significant effect on how closely the calculated results

match the actual behavior.

A wheel load distribution formula was developed by Tarhini and
Frederick (1992) based on the results of three dimensional finite
element analysis for common type of steel I-girder bridges. The
concrete slab was modeled as an isotrophic, eight node brick element,
with three degrees of freedom at each node. Thé girder flanges and
web were modeled using three-dimensional, quadrilaterél, four node
shell element with five degrees of freedom at each node. The
parameters considered in this study were: the size and spacing of steel
girders, presence of transverse diaphragms, concrete slab thickness,
span length, single and continuous spans, and so on. The maximum
girder distribution factors were determined by dividing the maximum
girder moment in the actual bridge using finite element analysis by the
maximum moment calculated due to the wheel load.

Mabsout, Tarhini, Frederick, and Tayar (1997} applied finite
element method (FEM) to investigate the wheel load distribution
factors for typical bridges with one span, simply supported. two traffic
lanes, and composite steel girders. They uséd four different finite
element techniques and the results were compared with the American
Association of State Highway and Transportation Officials (AASHTO)
Code distribution factors (1996 and 1998). The first FEM model was
based on research performed by Hayes et al. (1986). The concrete
slab was idealized as quadrilateral shell elements with five degrees of
freedom at each node and the steel girders were idealized as space
frame member with six degrees of freedom at each node. The
centroid of each girder coincided with the centroid of concrete slab.

The second FEM model was based on research reported by Imbsen
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and Nutt {1978). The concrete slab was idealized as quadrilateral
shell elements and eccentrically connected space [rame members
representing the girders. This model was similar to the approach by
Hayes et al. (1986), but rigid links were imposed ‘to accommodate for
the eccentricity of the girders with regard to the slab. The third FEM
model was based on the research reported by Brockenbrouh (1986).
The concrete slab and steel girder web were idealized as quadrilateral
shell elements, girder flanges were modeled as space frame members,
. while flange to deck eccentricity was modeled by imposing a rigid
link. The fourth FEM model was based on the r;search reported by
Tarhini and Frederick (1992). The first and the fourth finite element

analysis results were similar to the girder distribu_tion factors from the |
AASHTO LRFD (1998} but less than the AASHTO Standard (1996).
AASHTO code specified girder distribution factors are explained in
Chapter 5. Therefore, they suggested that concrete slab be modeled
as quadrilateral shell element and the girders as concentric space
frame elements to reduce the input data preparation and computing

time.
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2. Questionnaire on Girder Distribution Factors.

A questionnaire was prepared and sent to all 50 state DOT's, as
shown in Table 2.1. The objective was to compare the current
practice with regard to girder distribution factors (GDF's). The
responses are sumumnarized in Table 2.2. The keywords for Table 2.2
.are summarized in Table 2.3. . Additional information is presented in

Table 2.4.

P

The questionnaire confirmed that most of the state DOT's uses
American Association of State Highway and Transportat;ion Officials
{AASHTQ) Standard (1996} specified GDF's. Some states uses the new
AASHTO LRFD code specified GDF's. |
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Table 2.1. Questionnaire

Your name:
Affiliation:

Mailing Address:

Phorte:
Fax;
E-maii;

In this questionnaire, reference is made to two documents: The AASHTO Standard
Specifications for Highway Bridges, Sixteenth Edition (1996), and the AASHTO LRFD
Bridge Design Specifications, Second Edition (1998).

1. In the dggign of steel girder bridges with two or more lanes present, which Girder
Distribution Factor (GDF) formulas for moments do you use?

@ S/7 (AASHTO Standard 1996, one traffic iane, US units)

Q1 8/5.5 (AASHTO Standard 1996, two traffic ianes, US units)

0 0.06 + (S/14)*4(S/L)**(K4/12.0Lt,*)*! (AASHTO LRFD, one lane ioaded, US
units)

Q0075 + (S/9 5)*%(S/L)**(K,/12.0Lt.> )*' (AASHTO LRFD, two or more {anes
loaded, US units)

(3 Other (please indicate formula & units):

2. In the degign of steel girder bndges with two or more ianes present. which method do
you use to correct moment GDF's for skew? :

 None . )
@ 1-c(tanB)" (AASHTO LRFD correction factor)

{1 Other (please indicate formula & units):

3. In the pperating rating cvaluatign of steel girder bridges with two or more lanes
present, which moment GDF formulas do you use?

Q2 S/7 (AASHTO Standard 1996, one traffic lane, US units)

- QS/5.5 (AASHTO Standard 1996, two traffic lanes, US units)
3 0.06 + (S/14)*4(S/L)*(K,/12.0Lt.)*' (AASHTO LRFD, one lane ioaded, US
units)
0 0.075 + (8/9.5)*%(SA)**(K/12.0Lt.> )*! (AASHTO LRFD, two or more lanes
loaded, US units)
QJ Other (please indicate formula & units):
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4. In the operating rating evaiuation of steel girder bridges with two or more lanes
_ present, which method do you use 10 correct moment GDF’s for skew?

 None
Q 1 - c(t2nB)® (AASHTO LRFD correction factor)
Q1 Other (piease indicate formuia & units):

5. Please mark what bridge design live ioad you use:

Interstate US State
: routes routes routes
HS20 (AASHTO Standard 1996) Q ' Q1 _ Q
HS25 - Q Q - Q
HL93 (AASHTO LRFD) Q Q Q

Other (please describe):

6. Please mark what method of bridge analysis you have used to determine steel girder
distribution factors (GDF) for moment (mark all that apply):

0O GDF determined by formuia, such as specified in the AASHTO Standard or LRFD
Q Griilage Method )
Q Finite Element Method

Q Other method (please describe):

7. Would you tike a copy of the survey results?

C Yes
QNo

8. Comments? Please write below or attach additional forms.

Please return by March 26, 1999 to:
Professor Andrzej S. Nowak

Dept. of Civil and Env. Engineenng
University of Michigan

Ann Arbor, MI 48109-2125

Phone (734) 764-9299, fax (734) 764-4292
e-mail Nowak@umich.edu
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Table 2.2. The Summary of responses
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Table 2.3. Summary of keywords used in Table 2.2.
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Table 2.4. Additional Comments
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3. Selected Bridges

Bridges were selected for tests based of the following criteria:
s Structural type: steel girder bridges.

e Span length: phase I of the report covered short span bridges, with
span length between 10 m and 18 m. This study covers the
Ven’fication of distribution factors for medium spans between 18 m
and 30 m.

o Number of lanes: only two Jane bridges were considered.

» Skewness: Bridges with skew angle of more than 15 degrees were

excluded.

o Accessibility; some structures could not be considered because of
deep water or excessive height.

o Traffic volume: very busy bridges were not considered because of
the expected difficulties traffic control. Therefore. only bridges

with an average daily traffic of 10,000 were selected.

More than forty bridges were inspected to verify the feasibility of
load test. Finally. six bridges were selected for this study as listed in
Table 3.1.

MDOT ID Location Tested Numberof Girder Yearof Skew Operating ADT
Number (County) Span{m) Girders Spacing ConstructionAngle Rating(kN)

(m
B02-46062 Lenawee 20.4 7 1.41 1933 0 952 9600
RO1-78054 St.Joseph 8.8 6 1.9 1965 11 1148 3500
B04-77012 St.Clair  22.8 9 [.22 1928 0 1157 3500
. 803-13074 Calhoun 29.8 5 2.82 1970 0. 694 300
B01-29041 Gratiot 21.3 11 1.37 1936 0 783 5600
B01-59041 Montcalm 26,4 10 137 1932 0 979 4200

Table 3.1. Selected Bridges.
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4. Load Testing Procedure
4.1 Instrumentation and Data Acquisition

The strain transducers were attached to the lower or upper
surface of the bottom flange of the steel girders at midspan (Figure
4.1}, depending on the accessibility. In addition, they were installed
- in selected girders at supports to measure the moment restraint
provided by the supports and at intermediate span locations to
measure variation in moment along the sparl. Linear Variable
Differential Transformers (LVDT's} were used to measuré deflections
and to monitor the global response of the structure during proof load
testing of Bridge S03-13074. Each LVDT was placed on a tripod and
connected to the bottom of the girder by a wire. Figure 4.2 shows an
example of a LVDT setup for the measurement -of a girder deflection.
For all tested bridges. the deflection of the girder that was anticipated
to carry the heaviest load was measured using the PSM-R device
manufactured by No-ptel. Co. in Finland. This device can be used for
long distance displacement measurement applications. It is based on
a combined LED transmitter and opto-electronic receiver that

measures the position of the reflector or prism attached to the target.

Strain transducers and LVDTs were connected to the SCXI data
acquisition system . from the National Instruments. The data
acquisition mode is controlled from the extermal PC notebook
computer. and acquired data are processed and directly saved in PC's
hard drive (Figure 4.3).

The data acquisition system consists of a four slot SCXI-1000
chassis, one SCXI-1200 data acquisition module and two SCXI-1100
multiplexers. Each multiplexer can handle up to 32 channels of input

data. The current system is capable of handling 64 channels of strain
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or deflection inpl;.ts. Up to 32 additional channels can be added if
required. A portable field computer is used to store, process and
display the data on site. A typical data acquisition setup is shown in
Figure 4.3. The data from all instruments is collected after placing the
trucks in desired positions or while trucks are passing on the bridge.
For the normal speed tests. a sampling rate of 200 per second was
used for calculation of dynamic effects. This is equivalent to 7.6
samples per meter at a truck speed of 95 km/h. The real time
responses of all transducers are displayed on the monitor during all

stages of testing, assuring the safety of the bridge load test.

Cabl

A
l

b Steel Girders

N

“"C" Clamp

Strain Transducer

Figure 4.1 Removable Strain Transducer Mounted to the Lower
Flange.

N 4.2 Test Loads for Load Distrdbution Tests

Strain data necessary to calculate girder distribution and dynamic load
factors were taken from bottom-flanges of girders in the middle of a
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span. Strain data were obtained under passes of two, tl'iree—unif 11-
. axle trucks with known weight and configuration for all bridges. The
actual axle weights of the test trucks were measured at the weigh
stations just prior to the tests for all bridges. Strain data obtained
from side-by-side truck tests were used to calculate load distribution
and dynamic load factors. Supef‘poéition of strain data from each truck
provided the verification of the obtained data and the linear-elastic

behavior of the bridge.

£ /
/ . Girder /
/ i —
/ _ 7
“C" Clamp
Steel Wire
Core
LVDT

Spring Tripod

Steel Wire

_../‘\..}‘\.M

Heavy Steel Plate

Figure 4.2 Typical LVDT setup.
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Bridge Deck g

Strain Transducers

and LVDT's ‘_T \T ,

—

Connection Box

SVDC . AC to DC
Power Converter

o1 SCXI1-1000 : SCXI Chassis [T 120V AC
Electric Generator

SCX1-1200 1
12 bit Data Acquisition and Control Module -
.| with Parallel Port interface ' ;

: SCXI-1100 :
32 Channel multiplexer Amplifier Module §- LabView for Windows

|
Pentium 1I 300MHZ

SCXI-1100 64 MB RAM
32 Channe! multiplexer Amplifier Moadule {. |

Space for Additional Module

............................. Output

Figure 4.3. SCXI Data Acquisition System Setup.

Trucks were driven over the bridge at crawling speed to
simulate static loads and at high speed to obtain dynamic effect on the
bridge. In the previous bridge tests, trucks were placed at the
analytical maximum bending position. However, the strains obtained
from crawling speed tests were always greater than those from the
analytical maximum bending position because of other factors not
included in the analysis. such as the partial fixity of supports, the

structural contribution of non-structural members, and so on.
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Therefore, bridges were tested under crawling speed and the

. maximum speed obtained by a test truck at a bridge site (high speed).

In general. the following load cases were applied for bridges
with two lanes. Lane 1 and lane 2 indicate east and west lane for
bridge R01-78054 and B04-77012, respectively, and north and south
iane for all other bridges. Table 4.1. shows typical sequence of test

runs.

Run Number Trucks Lane Position in Lane Truck Speed
i Truck A I Center Crawling Speed
2 Truck A ! Curb . Crawling Speed
3 ~Truck B -1 Center | Crawling Speed
4 Truck B 1 Curb Crawling Speed
5 Truck B l Center Normal Speed
6 Truck A 1 Center Normal Speed
7 Truck A 2 Center Crawling Speed
8 Truck A 2 Curb Crawling Speed
9 Truck B 2 Center Crawling Speed
10 Truck B 2 Curb - Crawling Speed
11 Truck B 2 Center Normal Speed
12 Truck A 2 Center Normal Speed
13 Truck A and B {and 2 Center Crawling Speed
14 Truck B and A land 2 Center Crawling Speed
15 Truck A and B 1 and 2 Center Normal Speed
16 Truck B and A 1 and 2 Center Normal Speed

Table 4.1. Sequence of Typical Test Runs for All Bridges.
4.3 Test Loads for Proof Load Tests
4.3.1 Proof Load Level

Proof load tests are carried out to verify if the bridge can safely
carry the maximum allowable legal ioad. For the considered bridges,
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the maximum mid-span moment in medium span bridges is caused by
11-axle two-unit trucks with the wheel configuration shown in Figure
4.10. For an 11-axle truck, the gross vehicle weight (GVW) can be up
to 730 kN. which is more than twice the HS 20 design load. Other
states allow a maximum GVW of only 356 kN. The proof load testing
was designed to verify the moment capacity of steel girders close tor
mid-span. Before the proof load tests. the target proof load has to be
calculated. If the test load reaches the target proof load level without
causing any distress to the bridge, then the operating rating factor for
11-axle two-unit truck is 1.0.

3.4 1.2 3.0 2.1 3.2 = 2.1 “meters

Figure 4.10. 11-Axle Two-Unit Truck.

‘The proof load level should be sufficiently higher than that from
11-axle truck, to ensure the desired safety level. The NCHRP Report
12-28(13)A titled “M‘;;tnua.l for Bridge Rating Through Load Testing” by
AG. Lichtenstein (1998} provides guidelines for calculating the target
proof load level. It suggests that the maximum allowable legal load
should be multiplied by a factor Xp, which represents the live load
factor needed to bring the bridge to an operating rating factor of 1.0.
- The guide recommends that Xp should be 1.4 before any adjustments
-are made. It also recommends the following adjustments to Xp, that

should be considered in selecting a target live load magnitude.
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o Increase X, by 15 percent for one lane structures or for other spaﬁs
in which the single lane loading augmented by an additional 15

percent would govern.

e Increase X, by 10 percent for spans with fracture critical details.

° Inérease X, by 10 "percent for structures without redundant load
paths.

* Reduce X, by 5 percent if the structure is ratable. that is, there are

no hidden details, and if the calculated rating factor exceeds 1.0.

e Additional factors including traffic intensity and bridge condition

may also be incorporated in the selection of the live load factor X,

Application of the recommended adjustment factors, leads to
the target live load factor X,. The net percent increase in X, X, is

found by summing the appropriaﬁe adjustments given above. Then
X,.= X (1 +Z/100) (4-1)

The target proof load (L, is then:

L =X, (1 +DLF) L, (4-2)

1.3 < X, < 2.2 (4-3)
where, M
L, = the comparable live load due to the rating vehicle for the loaded
lanes. '
DLF = dynamic load factor
X, = the target live Ioad factor.

Based on the span length, the AASHTO Standard Specifications
(1996} specifies the dynamic load factors of less than 0.3. However,

previous studies by several researchers have indicated that the
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dynamic load factor is much smaller for heavy loads (Hwang and
Nowak 1991, Nassif and Nowak 1995, Nowak, Laman and Nassif
1994). Therefore, for this study, a dynamic load factor of 0.1 was
selected in calculation of the proof load level for Bridge S03-13074.
The load distribution test prior to the proof load test on this bridge
also confirmed that for the most heavily loaded girder (Girder No.3),
the dynamic load factor does not exceed 0.1 under two trucks side-by-

side loading.
4.3.2 Proof Load Selection

The M-1 Al military tanks plus two. 3-unit 11-axle trucks were
sclected as proof load. The tanks were provided by the Michigah
National Guard. The trailers of 11-axle trucks were detached from the
cabs and positioned separately to cause the maximum bending
moment. Each M-1 tank used in the proof load test weighs 533 kN
(obtained from tank weight information from the Michigan National
Guard), and it is 30 kN heavier than M-60 tank used in the previous
tests. The load is distributed over a track length of 4.6 m. The front
and side views of a M-1 tank are shown in Figurés 4.11 and 4.12. The

detailed proof load positions are shown in chapter 9.

063m  224m  063m

Figure 4.11 Front View of M-1 Tank.
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Figure 4.12 Side Elevation of M-1 Tank.

4.4. Load Distribution and Dynamic Load Factor Calculation from Test
Results | |

Collected strain data from the tests were processed to identify
dynamic load and girder distribution factors. Girder Distribution
Factors (GDF) are calculated from the maximum static strain obtained
from the static loading at each girder at the same section along the
length of the bridge. Ghosn et al (1986) assumed that GDF was equal
to the ratio of the static strain at the girder to the sum of all the static
strains. Stallings and Yoo (1993) used the weighted strains to account
for different section moduli of the girders. Accordingly, GDF for the

ith girder, GDF,, can be derived as follows:

S,
'_‘Ei
GDE = kM" = kES’Ei = kS;'S‘ = kE,-W,- (4"4]
ZMJ. ZESpj Zgigj, Zsjwj
Al Fl Fl Yy Fl
where M, = bending moment at the ith girder; £ =. modulus of

elasticity; S, = section modulus of the ith girder; S, = typical interior
section modulus; ¢, = maximum bottom-flange static strain at the ith

girder; w, = ratio of the section modulus of the ith girder to that of a
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typical interior girder: and k& = number of girders. When all girderé
have the same section modulus {that is. when weigh factors, w, are
equal to one for all girders}, Eq. (4-4) is equivalent to that of Ghosn et
al. (1986). Because of edge stiffening effect dué to curbs and barrier
walls, the section modulus in exterior gifders is slightly greater than
in interior girders. In other words, the weigh factors, w, for exterior
girders are greater than one. Therefore, from Eq. (4-4), the
assumption of the weigh factors, w, equal to one will cause slightly
overestimated girder distribution factors in irterior girders and
underestimated girder distribution factors in exterior girders. In this

study, the weigh factors, w,, are assumed to be one.

For two trucks side-by-side, the girder distribution factors calculated
from Eq. (4.4) must be multiplied by two to be comparable with the
bridge code because the AASHTO code specified girder distribution

factors are based on the effect of one truck load.

Dynamic load factors (DLF's) are defined in several ways, as
discussed in previous studies (Paultre et al 1992; Bakht and Pinjarkar
1989). In this study, the dynamic load factor was taken as the ratio of
the maximum dynamic strain and the maximum static strain (Figure
4.13):

.
DLF = 8""”' (4-5)

stat

where ¢,, = absolute maximum dynamic strain under the vehicle

traveling at normal speed; and ¢, = maximum static strain obtained

by filtering the dynamic response. Collected data are filtered by
applying some numerical procedures, such as averaging filtering
technique, to increase the signal-to-noise ratio, and to reduce the

effect of random, and non-periodic noise.
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Dynamic load factor is calculated for all instrumented girders.
However, for comparison with the code specified DLF, it is necessary
to consider DLF corresponding to the largest static strains, because

this is the governing case.

5011.!1-1:.5:4;:}g...1..Ixi...,

40
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Figure 4.13 Dynamic and Static Strain under a Truck at
Highway Speed.

4.5. Veriﬁcation of Wireless Transmitters

One of the objectives of the project was verification of reliability
and usability of wireless transmitters as a replacement for cables
connecting the strain transducers and the main computer unit. The
test was performed on bridge ID RO1-78054 (M66/RR). This bridge

was selected because the number of girders is 6, and therefore, we
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could install two parallel strain transducer systems, one with cables

and the other one with wireless transmitters.

The wireless transmitters were purchased in 1997, but lab test
showed they were not working properly and they were fixed by the
manufacturer several times. Prior to the field test on bridge ID RO1-
78054, the equipment was tested on the parking lot at the G.G. Brown
Lab at the University of Michigan and on Huron Parkway Bridge in Ann
Arbor.

-

The strains caused by test trucks were recorded by two paraliel
and independent data acquisition systems. The results are shown in
Figures 4.14-16. In Figure 4.14 and Figure 4.15, the strains are
plotted for a single truck passing in the west lane and then in the east
lane. In Figure 4.16, the strains are shown for two trucks side-by-side.
It turned out that the wireless transmitter in girder 1 was not
working. Therefore, there are no strains were recorded there. The
difference between the strains obtained using the system with cables

and wireless system is small, within 5%.
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Figure 4.14. Strain Values from Wired and Wireless Equipment,
West Lane Loading, Bridge M66/RR -
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Figure 4.15. Strain Values from Wired and Wireless Equipment,
East Lane Loading, Bridge M66/RR
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Figure 4.16. Strain Values from Wired and Wireless Equipment
Two Trucks Side-by-Side Loading, Bridge M66/RR.
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5. Specified Load Distribution Factors and Dynamic Load Factors

Measured girder distribution factors (GDF) and dynamic load
factors (DLF) are compared in tables and figures with the values
calculated according to the current design codes. Throughout the
report, distribution factors are expressed in terms of axle load for the
full truck rather than a line of wheel loads for the half truck. For the
bending moment in interior girders, the AASHTO Standard (1996)
specifies GDF's as follows. For one lane steel girder and prestressed

P

concrete girder bridges, GDF is:

-

GDF = S {5-1)
4.27 )
and for multi lane steel and prestressed concrete girder bridges,
GDF = > (5-2)
3.36 _

where § = girder spacing (m).

The AASHTO LRFD Code (1998) specifies GDF as a function of
girder spacing, span length, stiffness parameters, and bridge skew.
For the bending moment in interior girders with one lane loading,
GDF is:

s V%o 03 % 0.1 .
- - il _g - . -
GDF = 0.06+(4300] [LJ [erJ {1 ¢, (tand) } (5-3)

and for multi lane loading:

B s 06 S 02 Kg 0. B g .-

K 025 0.5 :
¢, = o.zs(-iJ (-S-) for 30° <6 < 60° (5-5)

=0 for 6 <30° (5-6)
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where § = girder spa'cing (mm); L =span length {(mm): K, =n(/+ 4e});

t. = thickness of concrete slab {mm); #» = modular ratio between

3

girder and slab materials; / = moment of inertia of the girder (mm®);

A = area of the girder (mm’); ¢ = distance between the centers of

4

gravity of the girder and the slab (mm); and 6 = skew angle in degrees.
Because the term K/ (Lt]) implies more accuracy than exists for
bridge evaluation. it is recommended that they be taken as 1.0. In this
report,. however, actual values of the term K,/(L:]) are used in
calculation of girder distribution factors. The AASHTO LRFD (1998)
formulas have been developed based on a NCHRP Project 12-26
(Zokaie _‘_.e‘t al. 1991). The method includes the longitudirial stiffness
parameter, K,, and the span length, [, in addition to the girder

spacing, S. AASHTO Guide for Load Distribution (1994) specifies
similar load factors to those of AASHTO LRFD {1998]}.

Most bridge design codes specify the dynamic load as an
additional static live load. In the AASHTO Standard (1996), dynamic
load factors are specified as a function of span length only:

50

DLF = —
- 3.28L+125

(5-7)

where DLF = dynamic load factor (maximum 30 percent}; and L= span
length (m). This empirical equation has been used since 1944. In the
AASHTO LRFD (1994}, live load is specified as a combination of HS20
truck (AASHTO 1996} and a uniforr’nly distributed load of 9.3 kN/m.
The dynamic load factor is equal to 0.33 of the truck effect, with no
dynamic load applied to the uniform loading. ‘
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6. Bridge on US-223 over Raisin River, in Palmyra.
(B02-46062, US223/RR)

6.1 Description

This bridge was built in 1933 and it is located on US-223 over
Raisin River near Palmyra, in Lenawee County, Michigan. The bridge
deck was replaced in 1967. There is one lane in each direction. The
total span length is 37.6 m. The bridge has seven steel girders spaced at
1.44 m, as shown in Figure 6.1. The bridge carries an average daily
traffic (ADT) of 9,600. As shown in Figure 6.2, it is a three span, simply
supported composite structure. There is no rigid connection between the
main span and side spans. However, small amount of moment transfer
was noticed between the main span and side-spans during the test. The
test was performed on the center span. The length of the main span is
20.5 m without skew. The deck slab of the bridge is in a relatively good
condition, although some transverse cracks were noticed. The bridge
has a load rating of 952 kN, according to the Michigah Structure
Inventory. '
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Figure 6.1. Cross Section of Bridge US223/RR (B02-46062}, in Palmyra

WEST
E 37.56m -
8.52m L 20.52m ) 8.52m

Figure 6.2. The Elevation of the Bridge US223 /RR (B02-46062),
in Palmyra. :

6.2 Instrumentation

Strain transducers were installed on the bottom flanges of girders
at midspan (Figure 6.3) of the main span on May 5, 1999. The reflector
for the PSM-R device from Noptel was installed at the girder No. 4 for
deflection measurement. The test equipment was installed on May 5,
1999. The bridge test was performed on May 6, 1999. |
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Figure 6.3. Strain Gage Locations in Bridge US223/RR (B02-46062),
‘ in Palmyra.

6.3 Truck Loads

The girder distribution factors (GDF) and dynamic load factors
(DLF) were calculated using the strains measured at midspan. The
bridge was loaded with two l1l-axle trucks. (three-unit vehicles). The
gross vehicle weight and the truck axle configurations are shown in
Figures 6.4 and 6.5.

‘ Gross Vehicle Weight = 656 kN
Truck A Wheelbase = 17.86 m :
Front Axle 3.73 JA43  3.07 iz 111 247 L12 1.57 L12 1,12 meter
- A ) O I — S A—A
62 80 75 52 57 58 63 70 41 47 52 kN

Figure 6.4. Truck A Configuration, US223/RR (B02-46062).
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Gross Vehicle Weight = 638 kN
Truck B Wheelbase = 15,49 m

Front Axle 2.34 yl'” l’1.35 .19 287 112112 1. meter
'

"4 I 7
41

L il il

90 54 49 47 63 43 5S4 70 52 58 58 KN

Figure 6.5. Truck B Configuration, US223/RR (B02-46062).

P

A total of 16 load cases were considered., as shown in Table 6.1. First
each truck was driven by itself at the center of one lane. at crawling
speed. Then. the same truck was driven close to the curb. The runs in
the centér of the lane were repeated at a normal highway speed (about 50
km/h for this location). The same was repeated for the other lane.
Finally, two trucks were driven simultaneously, side-by-side, at crawling
speed and normal highway speed. For side-by-side cases, the runs were
repeated after the trucks switched lanes, i.e. first truck A was in North
lane, and B in South lane, then truck A was in South lane, and B in
North lane. |
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Table 6.1. Sequence of Test Runs. US223/RR (B02-46062).

Run# Truck Lane Side Position in Lane Truck Speed
1 Truck A South Center Crawling
2 Truck A South - Curb Crawling
3 - TruckB South Center Crawling
4 Truck B South Curb Crawling
5 Truck B South Center 50 kin/h
6 Truck A South Center 7 B0 km/h
7 Truck A North Center Crawling
8 Truck A North Curb Crawling
9 Truck B North Center - Crawling
10 Truck B North Curb Crawling
11 Truck B North Center 50 km/h
12 Truck A North  Center ~ 50km/h
13 TruckAandB  both Center Crawling
14 TruckBandA  both Center Crawling
15 Truck Aand B both Center 50 km/h
16 TruckBandA  both Center . B0 km/h
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6.4. Analysis Results

The three-dimensional finite element method (FEM} was applied to
investigate the structural behavior of the bridge US223/RR (B02-46062}.
The concrete slab was modeled with isotrophic, eight node solid
elements, with three degrees of freedoms at each node. The girder
flanges and web were modeled using three-dimensional, quadrilateral,
four node shell elements with six degrees of freedom at each node. The
structural effects of the secondary members, such as the sidewalk and
parapet, were also taken into account in the fin?i'te element analysis

models.

‘Two cases of the boundéry conditions were ‘employed in the FEM
models.” In the first FEM model, it was assumed that the supports are
represented by a hinge at one end and a roller with a hinge at the other
end. In the other FEM model, it was assumed that both supports are

hinged, with no movement in horizontal direction.

Figure 6.6 illustrates the mesh of the FEM model, and Figure 6.7
shows the deformed shape of the ibridge when it is loaded with two trucks
side-by-side.

Figure 6.8 shows the results of tI;e finite element analysis for two
trucks side-by-side {Run 13). It includes the experimental results and
analytical results for the two considered models. The FEM results show
that the maximum strain at the most heavily loaded girder is about 185
1e, while the maximum strain recorded from the test is about 160 ue. In
addition, the experimental response lies between the two considered
analytical models. This indicates that a partial fixity exists at the
supports of the bridge.



Figure 6.6. The Mesh of the Finite Element Model.
US223/RR (B02-46062).

Figure 6.7. The Deformed Shape of the Bridge under Two Lane Loading.
US223/RR (B02-46062).
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6.5. Test Results

The resulting strains and GDF's are shown in Figures 6.9 through
6.13. Figures 6.9 to 6.11 present the results of all crawling-speed (static)
tests. Figures 6.9 to 6.10 present static strains and GDF's for one truck
on the bridge. The maximum strain due to a single truck was observed
in the exterior girders, about 175 pg, when a truck is loaded close to
curb. This corresponds to about 35 MPa. Some uplift was also observed

in the exterior girder (for the truck at close to the curb position).

Figure 6.11 shows static strains and GDF's from side:by-side static
load tests. For two vehicles side-by-side the maximum strain is less than
170 pe (which corresponds to 34 MPa). The superposition of strains due
to a single truck in South and North lanes produces almost the same
results as strain due to two trucks side-by-side.

For two trucks side-by-side, the girder distribution factor for girder
i is determined using Eq. 4.4. For comparison, GDF are also calculated
according to AASHTO Standard (1996) and AASHTO LRFD Code (1998).
Two cases were considered, a single lane loaded, and two lanes loaded.
The resulting GDF's are shown in Figures 6.9 through 6.13.

The results indicate that code-specified GDF's are conservative. A
single lane GDF specified in AASHTO LRFD (1998) is also sufficient for
two lane load cases for this bridge. However, a single lane GDF specified
in AASHTO Standard (1996) is not enough for two lane load .cases for
this bridge. |

Figures 6.12 and 6.13 shows the resulting strain and distribution
factors from normal speed tests. There is practically no difference

between the crawling speed and normal speed results.
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In Figure 6.14, dynamic load factors (DLF's) are calculated using
Eg. 4-5, and plotted for all load cases involving normal speed (no
dynamic load was measured for crawling speed runs). Dynamic load
factors for exterior girders are high because the static strains in these
girders are very low. In other words, large values of DLF in exterior
girders correspond to load cases with a single truck in the opposite lane

{resulting in very low static strain).

The relationship between DLF and static and dynamic strains is
shown in Figure 6.15. The open circles correspond’ to static strain, g,
and black solid squares correspond to dynamic strain, sgl;n. For each
static strain value (open circle), the corresponding dynamic strain is
denoted by solid square (the numbers of circles and squareé are same).
Figure 6.15 shows that the dynamic load factor decreases with
increasing static load effect. Also, it is clear from the Figure 6.15 that
dynamic strains are less than 10 pe (2 MPa) for all the cases while the
static strain can exceed 150 pein normal speed test. Dynammic strains
remain nearly constant, while static strains increase as truck loading
increases. This results in large dynamic load factors for low static
strains. DLF corresponding to the maximum strain caused by two

trucks side-by-side, is less than 0.10 for the most heavily loaded girder.

Girder No. 4 was instrumented with remote deflection
measurement device manufactured by Noptel. The reflector was installed
at midspan. The result is shown in Table 6.2. The maximum deflection

recorded during the test is 6.23 mm for girder number 4.
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Table 6.2. Maximum deflections measured at the center of Girder No.4.

Run # Horizontal Vertical
: (mm) (mm)
1 -0.40 3.10
2 -0.71 2.75
3 -0.48 2.93
4 -0.66 2.74
5 -0.38 3.03
6 -0.31 - 3.23 -
7 0.51 - 3.14
8 0.93 .47
9 NA NA
10 NA  NA
11 0.56 . 3.02
12 0.46 3.14
13 0.11 6.20
14 0.30 - 6.16
15 0.23 6.23

—
o)

0.11 6.13
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Figure 6.9. South Lane, Crawling Speed,
US223/RR (B02-46062)
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Figure 6.10. North Lane, Crawling Speed,
US223/RR (B02-46062).
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7. Bridge on M-66 over Abandoned NYC Railroad, near Colon.
(RO1-78054, M66/RR)

7.1 Description

This bridge was built in 1965 and it is located on M-66 over
abandoned NYC railroad near Colon in St. Joseph County, Michigan. It
is a three span, simply supported composite structure with six steel
girders spaced at 1.9 m. The total bridge length is 49.2 m. The total
length of the main span is 21.9 m Wﬁh a cantilever overhang. The clear
span length is 18.8'm with skew of 11 degrees. The bridge carries an
average daily traffic (ADT) of 3,500. The bridge has a load rating of 1,148
kN. according to the Michigan Structure Inventory. The test was
performed on the center span.

7.2 Instrumentation

Strain transducers were installed on the bottom flanges of girders
at midspan (Figure 7.3) of the main span. In addition, wireless

transmitters were installed at the same locations so that the accuracy of
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wireless transmitters could be verified. The results comparing two
different strain transducer systems, one with cables and the other with
wireless transmitters are shown in Section 4.5. The reflector for the
PSM-R device from Noptel was installed at the girder No. 3 to measure
deflection. The bridge test was performed on May 27, 1999.

11.10m
0.98m, 4.57m | 4.57m ,0.98m
East Lane West Lane '

Concrete slab thickness = 254 mm

G1 @2 G3 G4 ' G5 G6 |
0.06]| 0.72] 5 Spa. @ 1.91m = 9.53m lo.72|| 0.06

Figure 7.1. Cross-Section of the Bridge M66/RR (R01-78054),
St. Joseph County.

NORTH
49.23m ;
13.64m | 21.95m ; 13.64m
' . 18.80m o
ef g AP .;u I ,I HERR ==
777 - < 7

Figure 7.2. Elevation of the Bridge M66/RR (R01-78054),
St. Joseph County.
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Traffic Direction

South <& —& North
Girder 6‘
\ Girder 5éSn’ain Gages (Wired and Wireless) \ West
\ Girder 4‘ ' \
\ Girder 3 f_ Reflector (Noptel) \
\ ' Girder 2 , \
\ . |
i East
Girder 10 as

Figure 7.3. Strain Gage Locations in Bridge M66/RR (RO1-78054).

7.3 Truck Loads

The girder distribution factors (GDF) and dynamic load factors
(DLF) were calculated using the strains measured at midspan. The
bridge was loaded with two 11-axle trucks (three-unit vehicles). The
gross vehicle weight and the truck axle configurations are shown in
Figures 7.4 and 7.5. '

Gross Vehicle Weight = 667 kN

Truck A Wheelbase = 15.49 m
Front Axle 284 - .17 135_ A% 287 I 121 12 160 ! 12 i Il meter
,]V ’]1’ b‘ [f ](
85 62 52 48 65 48 56 68 53 60 71 kN

Figure 7.4. Truck A Configuration, Bridge M66/RR (R0O1-78054).

Truck B ' Gross Vehicle Weight = 684 kN
Wheelbase = 17.53 m
‘Front Axle  3.66 J.37 305 ;11 12 224 .12 162112 V12 meter
a T 7+ '
60 74 69 65 63 69 49 45 66 62 61 kN

Figure 7.5. Truck B Configuration, Bridge M66/RR (RO 1-78054),
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A total of 16 load cases were considered, as shown in Table 7.1.
First each truck was driven by itself at the center of one lane, at crawling
speed. Then, the same truck was driven close to the curb. The runs in
the center of the lane were repeated at a normal highway speed {about
40km/h for this location). The same was repeated for the other lane.
Finally, two trucks were driven simultaneously, side-by-side, at crawling
speed and normal highway speed. For side-by-side cases, the runs were
repeated after the trucks switched the lanes, i.e. first truck A was in East
lane, and B in West lane, then truck A was in West lane, and B in East

lane. ' -

Table 7.1. Sequence of Test Runs, Bridge M66/RR (RO1-78054).

O W~ O U W

Run# Truck Lane Side Position in Lane Truck Speed
Truck A West Center Crawling
Truck A West Curb  Crawling
Truck B West Center -Crawling
Truck B West Curb " Crawling
Truck B West Center 40 km/h
Truck A West Center 40 km/h
Truck A East Center Crawling
Truck A East Curb Crawling -
Truck B *  East Center Crawling

10 Truck B East Curb Crawling

11 Truck B : East Center 40 km/h

12 Truck A East Center 40 km/h

13 TruckAandB  both Center Crawling

14 TruckBandA  both Center Crawling

15 TruckAandB  both Center 40 km/h

16 TruckBandA  both Center 35 km/h
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7.4. Analysis Results

The three-dimensional finite element method (FEM) was applied to
investigate the structural behavior of the bridge M66/RR (RO1-78054).
The concrete slab was modeled with isbtrophic, eight node solid
elements, with three degrees of freedoms at each node. The girder
flanges and web were modeled using three-dimensional, quadrilateral,
four node shell elements with six degrees of freedom at each node. The
structural effects of the secondary members, such as the sidewalk and
parapet, were also taken into account in the finite element analysis

models.

Two cases of the boundary conditions were émployed in the FEM
models. In the first FEM model, it was assumed that the supports can
be represented by a hinge at one end, and a roller with a hinge at the
other end. In the other FEM model, it was assumed that both supports

are hinged, with no movement in horizontal direction.

Figure 7.6 illustrates the mesh of the FEM model, and Figure 7.7
shows the deformed shape of the bridge when it is loaded with two trucks
side-by-side.

Figure 7.8 showé the results of the finite element analysis for two
trucks side-by-side (Run 13). It includes the experimental results and
analytical results for the two considered models. The FEM results show
that the maximum strain at the most heavily loaded girder is about 230
te, while the maximum strain recorded from the test is about 200 pe. In
addition, the experimental response lies between the two considered
analytical models. This indicates that a partial fixity exists at the
supports of the bridge. |
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Figure 7.6. The Mesh of the Finite Element Model.
M66/RR (RO1-78054).

ALRMERY Y
< AN WL VS SR S \\\Al\‘l\\{\\ oy
S
S AL LVA AL VA VA VA LS VR WA TR
AN W W R L X < X
o, AN 'L AV
SIS SLET AWY AW AY
LR VM S A L W W V411
ARLNAYDY)
ATRRR .Y

1 T 1T
ottt LT . i S et R

DISFPLACEMENT MAGNIFICATION FACTOR » 1090.

m’.‘mA FILE = tAWBELASpring STER 1 DXREMENT 1
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Figure 7.7. The Deformed Shape of the Bridge under Two Lane Loading.
M66/RR (RO1-78054).
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Figure 7.8. Results of the Finite Element Analysis for Two Lane Loading
{truck A-east lane, truck B-west lane), M66/RR (R01-78054).
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7.5. Test Results.

The resulting strains and GDF's are shown in Figure 7.9 through
7.13. Figures 7.9 to 7.11 present the results of all crawling-speed (static)
tests. Figures 7.9 to 7.10 present static strains and GDF's for one truck
on the bridge. The maximum strain due to a single truck was observed in

the middle girders, about 120 pe. This corresponds to about 24 MPa.

Figure 7.11 shows static strains and GDF's from side-by-side static
load tests. For two vehicles side-by-side the maxifnum static strain is
about 200 pe (which corresponds to 40 MPa). The superposition of
strains due to a single truck in West and East lanes produces almost the

same results as strain due to two trucks side-by-s.ide.

For comparison, GDF are also calculated according to AASHTO
Standard (1996) and AASHTO LRFD Code (1998]. Two cases were
considered, a single lane loaded, and two lanes loaded. The resulting
GDF's are shown in Figures 7.9 through 7.13.

The results indicate that code-specified GDF's are conservative.
GDF's specified for a single lane are not sufficient for two lane load cases.
However, the absolute values of the values of the strains are less than
200 pefor the heaviest load case (two fully-loaded trucks side-by-side}.
Therefore, the total load effect per girder estimated using GDF specified
for singlé lane is also conservative, considering that the stresses found

from the test were lower than the FEM results, as shown in the Figure
7.8. |

Figures 7.12 and 7.13 shows the resulting strain and distribution
- factors from normal speed tests. There is practically no difference
between the crawling speed and normal speed results.
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Dynamic load factor (DLF} is defined in Section 4.4. In Figure
-7.14, DLF's are plotted for all load cases involving‘ normal speed (no
dynamic load was measured for crawling speed runs). Dynamic load
factors for exterior girders are high because the static strains in these
girders are very low. In other words, large values of DLF in exterior
girders correspond to load cases with a single truck in the opposite lane

{(resulting in very low static strain).

The relationship between DLF and static and dynamic strains is
shown in Figure 7.15. The open circles corresponc{ to static strain, gy,
and black solid squares correspond to dynamic strain, Ed;m. For each
static strain value (open circle), the corresponding dynamic strain is
- denoted by solid square (the numbers of circles aﬁd squares are saine).
It is clear from the Figure 7.15 that dynamic strains are less than 20 pe
for all the cases while the static strain can exceed.200 pe in normal speed
test. The dynamic load factor corresponding to the maximum strain
caused by two trucks side-by-side, is less than 0.10 for the most heavily
loaded girder (Girder No. 3). Dynamic strains remain nearly constant,
while static strains increase as truck loading increases. This results in

large dynamic load factors for low static strains.

Girder No. 3 was instrumented with remote deflection
measurement device manufactured by Noptel. The reflector was installed
at midspan. The result is shown in Table 7.2. The maximum deflection

recorded during the test is 8.91 mm for girder number 3.

Two separafe strain data acquisitions systems were used in the
load test as parallel systems, one with cables and the other one with
wireless transmitters, to Verlfy the accuracy of the wireless system. The
results are shown in Figures 4.14-16. In Figure-4.14 and Figure 4.15,
the strains are plotted for a single truck passing in the west lane and

then in the east lane. In Figure 4.16, the strains are shown for two
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trucks side-by-side. It turned out that the wireless transmitter in girder 1
was not working. Therefore, there are no strains were recorded there. The
difference between the strains obtained using the system with cables and

wireless system is small, within 5%.

Table 7.2.. Maximurm deflections measured at the center of Girder No.3.
Bridge M66/RR (R01-78054}

Run # Horizontal VeI;ticaI
{mrm) {mm)
1 NA ~ NA -
2 NA | ‘NA
3 -0.70 3.60
4 -0.59 2.57
5 -0.67 '3.89
6 -0.67 3.42
7 0.09 496
8 0.32 3.80
9 0 5.43
10 0.30 3.82
11 0 5.18
12 -0.09 5.04
13 -0.76 8.91
14 -0.67 8.91
15 -0.73 8.47
16 -0.76 8.65
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Figure 7.9. East Lane, Crawling Speed, M66/RR (R01-78054).
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Figure 7.10. West Lane, Crawling Speed, M66/RR {R0O1-78054].
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Figure 7.11. Side-by-Side Loading, Center of Laﬁe. Crawling Speed,
M66/RR (RO1-78054).
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Figure 7.12. Strain and GDF under One Truck Loading at Regular Speed,
M66/RR (RO1-78054).
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Figure 7.13. Strain and GDF under Side-by-Side Loading
at Regular Speed, M66/RR (R0O1-78054).
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Figure 7.14. Dynamic Load Factors, M66/RR (RO1-78054).
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8. Bridge on M-19 over Mill Creek, in St. Clair County
(B0O4-77012, M19/MC)

8.1 Description

This bridge was built in 1928 and it is located on M-19 over Mill
Creek in St. Clair County, Michigan. The concrete deck was replaced in
1971. 'It is a single span, simply supported composite structure with
nine steel girders spaced at 1.22 m. The total span length is 22.9 m,
without any skew. The bridge has one lane in each direction and it
carries an average daily traffic (ADT) of 3,500. The load rating is1,157
kN, according to the Michigan Structure Inventory.
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Figure 8.1. Cross-Section of the Bridge M19/MC (B0O4-77012).

Figure 8.2. Elevation of the Bridge M19/MC (B04-77012).

WATER LEVEL

-

8.2 Instrumentation

Strain transducers were installed on the bottom flanges of girders

at midspan and af selected support locations (Figure 8.3). The reflector
for the PSM-R device from Noptel was installed at the girder No. 5 to

measure deflection. The test equipment was installed on June 23, 1999.

The bridge test was performed on June 24, 1999.
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Figure 8.3. Strain Gage Locations in Bridge M19/MC (B04-77012).

8.3 Load *Cases

The girder distribution factors (GDF) and dynamic load factors (DLF)
were calculated using the strains measured at midspan. The bridge was
loaded with two 1l-axle trucks (three-unit vehicles). The gross vehicle
weight and the truck axle configurations are shown in Figures 8.4 and

8.5.

¥

Truck A Gross Vehicle Weight = 689 kN
Wheelbase = 17.15 m

Front Axie 3.58 132 290 L1l 1.12 242

A

60 96 69 43

RN

72 65

1‘;06 i1.55 1‘.’12 Q.Q’Ivmeter
. A

54 42 48 kN

Figure 8.4. Truck A Configuration, Bridge M19/MC (B04-77012).
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Track B Gross Vehicle Weight = 693 kN
Wheelbase = 17.27 m
Front Axle 3.58 N335, 277 109 11,09 2.44 l 12 260 1 I LI’J meter
A i 7
63 66 58 83 60 58 61 58 60 64 62

Figure 8.5. Truck B Configuration, Bridge, M19/MC (B04-77012).

A total of 16 load cases were considered, as shown in Table 8.1. First
each truck was driven by itself at the center of one lane, at crawling
speed. Then, the same truck was driven close to the curb. The runs in
the center of the lane were repeated at a normal highway speed {about 50
km/h for this location). The same was repeated for the other lane.
Finally, two trucks were driven simultaneously, side-by-side, at crawling
speed and normal highway speed. For side-by-side cases, the runs were
repeated after the trucks switched lanes, i.e. first truck A was in East
lane, and B in West lane, then truck A was in West lane, and B in East

lane.
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Table 8.1. Sequence of Test Runs, Bridge M19/MC (B04-77012).

Run# Truck Lane Side Position in Lane Truck Speed
1 Truck A East . Center Crawling
2 Truck A East Curb Crawling
3 Truck B East Center Crawling
4 Truck B East Curb *  Crawling
5 Truck B East Center 40 km/h
6 Truck A East Center 50 km/h
7 Truck A West Center K Crawling
8 Truck A West Curb Crawling
9 Truck B ‘West Center , Crawling
10 Truck B West Curb  Crawling
11 Truck B West Center 40 km/h
12 Truck A West Center 40 km/h
13 TruckAandB  both Center Crawling
14 TruckBandA  both Center : Crawling
15 TruckAand B both Center 40 km/h
16 TruckBandA  both Center | 55 km/h
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8.4. Analysis Results

The three-dimensional finite element method (FEM) was applied to
investigate the structural behavior of the bridge M19/MC (B04-77012).
The concrete slab was modeled with isotrophic, eight node solid
elements, with three degrees of freedoms at each node. The girder
flanges and web were modeled using three-dimensional, quadrilateral,
four node shell elements with six degrees of freedom at each node. The
structural effects of the secondary members, such as the sidewalk and
parapet, were also taken into account in the finite element analysis

models.

Two cases of the boundary conditions were émployed in the FEM
models. In the first FEM model, it was assumed that the supports could
be represented by a hinge at one end and a roller with a hinge at the
other end. In the other FEM model, it was assumed that both supports

were hinged,'with no movement in horizontal direction.

Figure 8.6 illustrates the mesh of the FEM model, and Figure 8.7
shows the deformed shape of the bridge when it is loaded with two trucks
side-by-side.

Figure 8.8 shows the results of the finite element analysis for two
trucks side-by-side (Run 13). It includes the experimental results and
analytical results for the two considered models. The FEM results show
that the maximum strain at the most heavily loaded girder is about 150
ue, while the maximum strain recorded from the test is about 100 pe. In
addition, the experimental response lies between the two considered
analytical models. This indicates that a partial fixity exists at the
supports of the bridge.
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200 D] e T 0 g :
i | —@— FEM Model (hinged-roller support) |
—%— FEM Model (hinged-hinged support} |

150

T T T ‘ H T T T

Strain (ue)

Girder Number

—®@— FEM Model (hinged-roller support)
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Girder Distribution Factor

0.1 |

AASHTO Standard (5/4.27) :
0 L 5 ~m= = = AASHTO LRFD (one lane) ; :
1 P -3 4 5 6 7 8 9

Girder Number

Figure 8.8. Results of the Finite Element Analysis, for truck A-east
truck B-west loading, M19/MC (B04-77012).
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8.5. Test Results.

The resulting strains and GDF's are shown in Figures 8.9 through
8.13. Figures 8.9 to 8.11 present the results of all crawling-speed (static)
tests. Figures 8.9 to 8.10 present static strains and GDF's for one truck
on the bridge. The maximum strain due to a single truck is about 60 pe.

This corresponds to about 12 MPa.

Figure 8.11 shows static strains and GDF's from side-by-side static
load tests. For two vehicles side-by-side the maximum strain is about
100 pe (which corresponds to 20 MPa). The superposition of strains due
to a single truck in West and East lanes produces almost the same

results as strain due to two trucks side-by-side.

For two trucks side-by-side, the girder distribution factor for girder
iis determihed using Eq. 4.4. For comparison, GDF are also calculated
according to AASHTO Standard (1996) and AASHTO LRFD Code (1998).
Two cases were considered, a single lane loaded, and two lanes loaded.
The resulting GDF's are shown in Figures 8.9 through 8.13.

The results indicate that code-specified GDF's are conservative. A
single lane GDF specified in AASHTO LRFD (1998} is also sufficient for
two lane load cases for this bridge. However, a single lane GDF specified
in AASHTO Standard {1996) is not enough for two lane load cases for
tﬁis bridge. However, the absolute values of the straihs are less than
100 pefor the heaviest load case (two fully-loaded trucks side-by-side).
Therefore, the total load effect per girder estimated using GDF specified
for single lane in AASHTO Standard {1996) is also conservative (less than
design value).
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Figure 8.12 and 8.13 shows the resulting strain and distribution
factors from normal speed tests. There is practically no difference

between the crawling speed and normal speed results.

Dynamic load factor is defined in section 4.4. In Figure 8.14,
DLF's are plotted for all load cases involving normal speed (no dynami(i
~ load was measured for crawling speed runs). Dynamic load factors for
exterior girders are high because the static strains in these girders are
very low. In other words, large values of DLF in exterior girders
correspond to load cases with a single truck in the opposite lane

{resulting in very low static strain).

The relationship between DLF and static and dynamic strains is
shown in Figure 8.15. The open circles correspond to static strain, &,
and black solid squares correspond to dynamic strain, g,,. For each -
static strain value (open circle), the corresponding dynamic strain is
denoted by solid square {the numbers of circles and squares are same).
Dynamic strains remain nearly constant, while static strains increase as
truck loading increases. This results in large dynamic load factors for
low static strains. It is clear from the Figure 8.15 that dynamic strains
does not exceed 10 pe for all the cases while the static strain can exceed
100 pe in normal speed test. DLF corresponding to the maximum strain
caused by two trucks side-by-side, is less than 0.10 at girder No. 5, the
most heavily loaded girder (Girder No. 5).

The strains were also measured close to the support. The results
are shown in Figures 8.16 through 8.21. Negative strain values indicate
the strains recorded at the bottom flanges near supports were in
compression, due to the partial fixity of support. The strain values near
the support were measured when the loads caused the maximum strain
at the midspan. As shown in the Figures, the levels of support fixity are
highly unpredictable. Even in a bridge, each girder has different support



-75-

behavior. There are differences in the sign of strain betweén the girders.
This requires some further investigation, and it is necessary to collect

more test data.

Girder No. 5 was instrumented with remote deflection
measurement device manufactured by Noptel. The reflector was installed
at midspan. The result is shown in Table 8.2. The maximum deflection

recorded during the test is 5.3 mm for girder number 5.

Table 8.2. Maximum deflections measured at the cénter of the Girder 3,
Bridge M19/MC (B04-77012). -

Run # Horizontal Vertical
(mm) (mm)
1 -0.4 2.13
2 03 117
3 -0.36. 1.92 -
4 -0.40 1.31
5 -0.30 2.02
6 -0.38 -2.00
7 0.21 3.07
8 0.37 2.85
9 0.18 _ 3.17
10 NA ' NA
11 0.12 3.00
12 0.16 3.08
13 -0.31 5.30
14 -0.33 524
15 -0.20 3.60
16 NA : NA
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Figure 8.9. East Lane, Crawling Speed, M19/MC (B04-77012).
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Figure 8.10. West Lane, Crawling Speed, M19/MC (B04-77012}. ‘
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Figure 8.11. Side-by-Side Loading, Center of Lane, Crawling Speed,
M19/MC (B04-77012).
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Figure 8.12. Strain and GDF under One Truck Loading at Regular Speed,
M19/MC (B04-77012).
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Figure 8.13. Strain and GDF under Side-by-Side Loading
at Regular Speed, M19/MC (B04-77012).
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Figure 8.14. Dynamic Load Factors, M19/MC (B04-77012).
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Figure 8.16. Strains at North End, East Lane Loading, Crawhng Speed
M19/MC (B04-77012).
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Figure 8. 17 Strains at South End, East Lane Loading, Crawling Speed,
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Figure 8.18. Strains at North End, West Lane Loading, Crawling Speed,
M19/MC (B04-77012).
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Figure 8.19. Strains at South End, West Lane Loading, Crawling Speed.
M19/MC (B04-77012}. '
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Figure 8.20. Strains at North End, Side-bv-Side Loading,
Crawling Speed, M19/MC [B04-77012].
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9. Bridge on N Drive North over I-69, Calhoun County
(S03-13074, NDN/169)

9.1 Description

This bridge was built in 1970 and is located on N Drive North over
I-69 in Calhoun County, Michigan. As shown in Figure 9.1, there is one
lane in each direction. It has five steel girders spaced at 2.82 m. It is a
five span, simply supported, composite structure, as shown in Figure
9.2. The total span length is 110.9 m. The centerspan of this bridge is
over the median of the interstate highway. The test was performed on
the center span. The length of the center span is 29.8 m. There is no
skew. It carries average daily traffic (ADT) of 800. The bridge has a load
rating of 694 kN, according to the Michigan Structure Inventory.
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Figure 9.1. Cross-Section of Bridge NDN/I69 (S03-13074).
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Figure 9.2. The Elevation of Bridg NDN/I69 (S03-13074).

9.2 Instrumentation

Strain transducers were installed on the bottom flanges of girders
at midspan, selected supports, and between the transverse diaphragms
(Figure 9.3) at the centerspan. LVDT's were installed at midspan of the
center span. The reflector for the PSM-R deflection measurement device
from Noptel was installed at the girder No. 3 so that the results could be
compared with the those from LVDT. The test equipment was installed
ondJuly 21, 1999. The bridge test was performed on July 22, 1999.
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Figure 9.3. Strain Gage Locations in Bridge NDN/I69 (S03-13074).

9.3 Truck Loads

Both load distribution and proof load tests were performed on this
bridge. For the load distribution test, two, three-unit 11-axle trucks
were used. For the proof load test, two M-1 tanks and two, three-unit
11-axle trucks were used as proof load. The trucks were the same as for
the load distribution test

Strain data necessary to calculate girder distribution and impact
~ factors were taken from midspan transducers. The gross vehicle weight

and the truck axle configurations are shown in Figures 9.4 and 9.5.

A total of 16 load cases were considered, as shown in Table 9.1.
First each truck was-driven by itself at the center of one lane, at crawling
speed. Then, the same truck was driven close to the curb. The runs in
the center of the lane were repeated at a normal highway speed (about 40
km/h for this location). The same was repeated for the other lane.
Finally, two trucks were driven simultaneously, side-by-side, at crawling
- speed and normal highway speed. For side-by-side cases, the runs were
repeated after the trucks switched lanes, i.e. first truck A was in North
lane, and B in South lane, then truck A was in South lane, and B in
North lane.
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Truck A Gross Vehicle Weight = 688 kN
Wheelbase = 17.42 m
FromAxle 3.66 137 274 112 |12 244 112 ].63 112 |12  meter
7 1 7 A I 4 7 4
62 74 71 63 60 65 58 53 62 58 62 kN

Figure 9.4. Truck A Configuration, Bridge NDN/I69 (S03-13074).

”

Truck B " Gross Vehicle Weight = 695 kN -
. Wheelbase = 17.25 m
Front Axle 3.61 37 L 272 LOQ I. 07 2.44 .07 ! 57 I],l';’ 1,14 meter
1 7 7t 71 7 Fed
69 80 76 69 39 47 58 61 . 57 59 60 kN

Figure 9.5. Truck B Configuration, Bridge NDN/I69 {S03-13074).

9.4. Loads for Proof Load Test

Two M-1 tanks and two, 3-unit 11-axle trucks were used for the
proof load test. The trailers of the 11-axle trucks were detached and
positioned at different locations to cause maximum load effect. The
tanks and the trucks were placed adjacent to each other in three
different longitudinal and different transverse positions. Traffic was
allowed over a partial width of the bridge during the test, except during
critical stages of the test. The maximum lane moment on the 29.8 m
span due to the legal load is 3766 kN-m. The target proof load lane
moment was obtained from Section 4.3.1. The bridge is ratable and has

~ no hidden details. Therefore, the target proof load was reduced by 5
percent. No other adjustments were applicable to this bridge. The
required proof load level was determined as follows:



-89-

Xp = 1.4 basic target load factor
Z=-5% because the bridge is ratable and has no hidden

details

Xea = 1.4(1+HZ/100) = 1.33 from Eq. (4-1}
Above X, satisfies Eq. (4-3).

The tzirget proof load (L)) is, from Eq. (4-2),
L,=133x1.10L =1.46 L, using DLF =0.10
L. = 3766 kN-m _

L, = 1.46 x 3766 = 5510 kN-m | -

Table 9.1. Sequence of Test Runs, Bridge NDN/I69 (S03-13074}.

Run# Truck Lane Side Position in Lane Truck Speed
1 Truck A North Center Crawling
2 Truck A North Curb Cra;tvling
3 Truck B North Center - - Crawling
4 Truck B North Curb _ Crawling
5 Truck B North Center 40 km/h
6  TruckA North Center 40 km/h
7 Truck A South Center Crawling
8 Truck A South Curb Crawling
9 Truck B - South Center Crawling
10 Truck B South Curb Crawling
11 Truck B South Center . 40 km/h
12 Truck A South Center 40 km/h
13 TruckAand B  both Center Crawling
14 TruckBandA  both Center Crawling
15 TruckAandB  both Center 35 km/h
16

Truck Band A  both Center 35 km/h
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Table 9.2 shows the maximum lane moments caused by the trucks
and tanks. The loads were gradually increased to ensure the safety of
the proof load test. Pretest analysis was performed to calculate the
expected maximum strain and the deflection values based on the
planned loading. The results are shown in Table 9.3. Detailed proof load
positions are shown in Figures 9.6 to 9.21. Figure 9.22 is a view of the

test while the Run 13 is in progress.

Table 9.2. Lane Moment due to Trucks and Tanks fo?r 29.8 m span

{S03-13074).
Load Type "] Maximum Lane
Moment
Test Truck A " 3568 kN-m
Test truck B 3588 kN-m .
One Tank only _ 3679 kN-m
(Truck Deta?hI;: Zn?iné;tg;z tlolgzﬁf rrrlzar:)l(ll(l:n}flm moment) _5903 kN-m

Table 9.3. Results of Pretest Analysis, Proof Load Test {S03-13074).

AASHTO GDF used in Maximum Strain Maximum Deflection
calculation
Standard (5/4.27} 776 pe 76 mm
Standard (S/3.36) 988 ue 97 mm
LRFD (one lane) | 633 pe - 62 mm
LRFD (two lanes) 797 pe 78 mm
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Figure 9.8. Location of Tanks and Trucks in Run 3.
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9.5. Analysis Results

The three-dimensional finite element method (FEM) was applied to
investigate the structural behavior of the bridge NDN/I69 (S03-13074).
The concrete slab was modeled with isotrophic, eight node solid
elements, with three degrees of freedoms at each node. The girder
flanges and web were modeled using three-dimensional, quadrilateral,
four node shell elements with six degrées of freedom at each node. The
structural effects of the secondary members, such as the sidewalk and
parapet, were also taken into account in the finite element analysis

models.

Two cases of the boundary conditions were 'ernployed in the FEM
models. In the first FEM model, it was assumed that the supports could
be represented by a hinge at one end and a roller with a hinge at the
other end. In the other FEM model, it was assumed that both supports

were hinged, with no movement in horizontal direction.

Figure 9.23 illustrates the mesh of the FEM model, and Figure
9.24 shows the deformed shape of the bridge when it is loaded with two
trucks side-by-side.

Figure 9.25 shows the results of the finite element analysis for two
trucks side-by-side (Run 13). It includes the experimental results and
analytical results for the two different models. In this bridge, the
maximum strain from FEM is less than the measured \}alue. FEM
results show that the maximum strain at the most heavily loaded girder
is about 290 pe,while the maximum measured strain is about
340ue. However, if the sum of strains for all girders is compared, test
result is still‘ lower than the FEM result. This indicates that the load

distribution is less uniform than what is analytically obtained using FEM
analysis. '
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Table 9.4 shows the results of the finite element analysis for the
proof load test, compared with the test results. Only the most heavily
loaded girder (Girder 3) was compared with test results for run 1 to 16.
Figure 9.26 compares the strain values obtained by the finite element
analysis with those from the test for run 16, which is the heaviest run in
the proof load test. The result indicates that the maximum measured
strain is still lower than expected from the finite element analysis. Also,
the experimental response lies between the two different analytical
models. This indicates that the partial fixity exists at the supports of the
bridge. Deflection results of the FEM Models are summarized in Table
9.5 together with the test results. )
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Figure 9.23. The Mesh of the Finite Element Model.
NDN/I169 (S03-13074).
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Figure 9.24. Deformed Shape of the Bridge NDN/I69 (S03-13074)
under Two Lane Loading.
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Table 9.4. Comparison of the maximum strain from the test and FEM.
results for the poof load test.

Maximum Measured ~ Strain from Finite Element Analysis

Run # Strain (10 _ (10°)
Hinge-Roller Hinge-Hinge
Support Support
1 153 145 93
2 67 173 | 101
3 175 177 . 103
4 186 190 169
5 203 | 211 ‘ 119
6 182 145 | 93
7 218 166 99
8 225 175 ., 102
9 243 189 109
10 275 219 124 -
11 289 274 o Im
12 298 288 178
13 330 318 | 192
14 351 365 - 213
15 380 397 224
16 402 | 428 233




-102-

500

400

300

Strain (1g)

)
<
<

100 &

== Proof Load Test (Run 16)
i —@— FEM Model (hinge-roller support) ]
i —— FEM Model (hinge-hinge support) ]
0 i
-1 2 3 4 5
Girder Number
0.8. 0 e S

5
o 0.6
=
e
=
2
2 04
:E wmmgmm Proof Load Test (Run 16)
]
0.2 & —=2— FEM Model (hinge-hinge support) |

mme==== AASHTO Standard (S/3.36)
m—menee AASHTO LRED (two lanes)
AASHTO Standard (S/4.27)
| | wme = = AASHTO LRFD (one lane)

1 2 3 4
Girder Number

Figure 9.26. Finite Element Analysis Result for Proof Load Test Run 16.
Bridge NDN/I69 (S03-13074)

—®— FEM Model (hinge-roller support) §
5



-103-

9.6. Load Distribution Test Results

The resulting strains and GDF's are shown in Fig. 9.27 through
9.31. Figures 9.27 to 9.29 present the results of all crawling-speed
(static) tests. Figures 9.27 to 9.28 present static strains and GDF's for
one truck on the bridge. The maximum strain due to a single truck is

about 230 pe. This corresponds to about 45 Mpa.

Figure 9.29 shows static strains and GDF's from side-by-side static
load tests. For two vehicles side-by-side the inaxix%mm strain is about
370 pue (which corresponds to 75 MPa). The superposition of strains due
to a single truck in North and South lanes produces almost the same

results as strain due to two trucks side-by-side.

For two trucks side-by-side, the girder distribution factor for girder
i is determined using Eq. 4.4. For comparison, GDF are also calculated
according to AASHTO Standard (1996) and AASHTO LRFD Code (1998).
Two cases were considered, a single lane loaded, and two lanes loaded.
The resulting GDF's are shown in Fig. 9.27 through 9.31.

The results indicate that GDF values specified in AASHTO LRFD
almost exactly predicted the actual behavior of this bridge. However,
AASHTO Standard code-specified GDF's are conservative. GDF's specified

for a single lane -are not sufficient for two lane load cases.

Figure 9.30 and 9.31 shows the resulting strain and distribution
factors from'norn_lal speed tests: There is practically no difference

between the crawling speed and normal speed results.

Figures 9.32 through 9.34 show deflections of girders and
corresponding girder distribution factors when truck load is applied at
crawling speed. Figure 9.32 and 9.33 shows the strains and GDF's from

north lane loading and south lane loading, respectively. The maximum
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deflection caused by one lane loading was less than 17 mm. The girder
distribution factors calculated from the deflection show better

distribution than those from the strain values.

Figure 9.34 presents the deflections due to two truck side-by-side
loadings. The i-ange of the LVDT's installed for this bridge is 25.4 mm.
Furthermore, it is not possible to use all the range of the LVDT's because
the reference poSition of the LVDT's should be somewhere inside the
usable range. As a result, the deflections at girder 3 and girder 4 were
out of range during the test. Therefore, superposeé values of one truck
loadings are shown for the girder 3 and the girder 4 in Figure 9.34. For
girder 1, 2, and 5, the deflections were still in the range of the LVDT's
and actual values from the test are shown in Figurel9.34.

Dynamic load factor (DLF) is defined in section 4.4. In Figure 9.35,
DLF's are plotted for all load cases involving normal speed (no dynamic
load was measured for crawling speed runs). Large values of DLF in
eXterior girders correspond to load cases with a single truck in the

opposite lane (resulting in very low static strain).

The relationship between DLF and static and dynarhic strains is
shown in Fig. 9.36. The open circles correspond to static strain, &,,,, and
black solid squares correspond to dynamic strain, £,,. For each static
strain value (open circle}, the corresponding dynamic strain is denoted by
solid square (the numbers of circles and squares are same). It is clear
from the Figure 9.36 that dynamic strains does not exceed 25 ps .for- all
the cases while the static strain can exceed 340 pein normal speed test.
It is concluded that DLF corresponding to the maximum strain caused by
~ two trucks side-by-side, is less than 0.10 for the most heavily loaded
girder. It also justifies the use of 0.10 as a dynamic load factor in the
calculation of proof load. - ' '

Girder No. 3 was instrumented with remote  deflection

measurement device manufactured by Noptel. The reflector was installed



-105-

at midspan. The result is shown in Table 9.5. The maximum deflection
recorded during the test is 26.6 mm for girder number 3. For two trucks
side-by-side truck loading, LVDT's were out of range. Therefore,
comparison could not be made for those runs. For other runs, results
from LVDT and Noptel equipment are compared and the differences are
tabulated in Table 9.5.

Table 9.5. Maxitnum deflections measured at the center of Girder No 3
due to truckloads, Bridge NDN/169 (803 13074}

Finite Element Analysis Vertical Vertical Difference

Run ‘ Optic LVDT Optic & LVDT

# Roller Support  Fixed Supporﬁ (mm) (mm) (Vertical, %)

1 12.54 7.24 NA 12.20 -

2 16.76 9.29 NA :7.40 -

3 17.25 9.53 NA 12.30 -

4 15.11 10.7 177 7.30 6.4
-5 21.33 11.81 12.73 12.10_ 5.2

6 12.64 7.33 1273 12.05 5.6

7 15.81 8.87 12.36 12.36 0

g 1697 941 7.38 7.85 6.0

9 18.91 10.61 12.42 12.36 0.5

10 211 1223 7.00 7.56 7.4

11 24.33 13.79 1221 12.21 o

12 2627 14.99 12.57 12.68 -0.9

13 29.39 16.46 25.18 OouUT -

14 34.71 19.19 26.61 OUT -

15 39.19 21.40 24.74 OUT ' -

16 43.67 23.60 2474 OoUT -
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9.7. Proof Load Test Results

The proof load test was successfully completed without any sign of
- distress to the structure. Figure 9.37 and 9.38 shows strains and girder
distribution factors when proof load is applied on the north lane and
south lane, respectively. The corresponding load positions for Figure
9.37 and 9.38 are shown in Figures 9.6 through 9.15. The maximum
strain value caused by one lane loading is about 280 pe. This
corresponds to about 55 Mpa. Figure 9.39 shows strains and GDF's for
side-by-side tanks and trucks. The load positions for Figure 9.39 are
shown in Figure 9.16 through 9.21. The maximum strain due to the side-
by-side loadings is about 400 pe. This corresponds to about 80 Mpa,
much lower than expected value from the pretest analysis, shown in
Table 9.3.

Figures 9.40 and 9.42 show deflections of girders when proof load
is applied on the north and south lane, respeétively. The maximum
deflection caused by one lane loading was about 20 mm. Figure 9.41
and 9.43 shows GDF's éalculated from deflection caused by one lane
- loadings. The girder distribution factors calculated from the deflection
show better distribution than those from the strain values. Figure 9.44
presents the deflections due to side-by-side loadings. The range of the
LVDT's installed for this bridge is 25.4 mm. For runs 13 through 16, the
deflection values at some girders exceed the limit of the LVDT's.
Therefore, only runs 11 and 12 are shown in the figures. Figure 9.45
shows GDF's calculated from the deflections occurred due to side-by-side
loadings. |

The strains were also measured close to the support. Figures 9.46 and
9.47 present the strains recorded at the east and west support,
respectively. Negative strain values indicate the strains recorded at the
bottom flanges near supports were in compression, due to the partial

fixity of support. The strain values near the support were measured
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when the loads caused the maximum strain at the midspan. The levels of
support fixity are highly unpredictable. Even in a bridge, each girder has
different support behavior. There are differences in the sign of strain

between the girders. This requires some further investigation.

Figures 9.48 to 9.52 plot applied moment per girder versus
measured strain, for girder 1 to 5. The applied moment per girder was
obtained by multiplying, for each load case, the total applied moment
due to the load by the GDF from the strain values measured for that load

case. All girders showed reasonably linear behavior.

Figure 9.53 to 9.57 present the applied moment per girder versus
measured deflection, for girders 1 to 5. For runs 13 to 16, the LVDT's
were out of range. Therefore, the deflection values obtained only from
runs 1 through 12 are shown in the Figures. Again. all girders showed

reasonably linear behavior.

As for the load distribution test, girder No. 3 was instrumented
with remote deflection measurement device manufactured by Noptel. and
deflections were measured. The result is shown in Table 9.6. The
maximum deflection recorded during the test is 38.6 mm for girder
number 3. For runs 13 through 16, LVDT's were out of range.
Therefore, comparison could not be made for those runs. For other runs,
results from LVDT and Noptel equipment are compared and the
differences are tabulated in Table 9.6.

As it is seen in Table 9.4, the test results are in general between
the analytical results of two different finite element models. This
indicates that the supports of the bridge have partial fixity in horizontal
direction. Moreover, the test GDF is not as uniform as those from the
FEM analysis, as shown in Figure 9.26. This indicates that the level of
partial fixity is not easily predictable.
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Table 9.6. Maximum deflections measured at the center of the third
girder due to proof loading, Bridge NDN/I6S (S03-13074). -

Run # Horizontal Vertical Vertical Difference

(mm) (mm) LVDT Optic & Vertical

{(mmn) (%0)
1 1.99 11.17 11.17 0
2 2.45 14.46 13.62 6.1
3 2.36 . 14.56 14.49 0.5
4 2.52 16.74 16.38 - 22
5 2.66 18.69 18.37 1.7
6 1.39 110.40 11.42 9.0
7 - 1.65 13.01 13.97 6.8
8 1.63 13.80 14.51 4.9
9 1.46 15.84 16.35 3.1
10 1.41 18.25 18.65 2.1
11 2.30 1 21.02 21.09 -0.4
12 1.85 24.82 23.13 7.3
13 1.88 24.75 OUT .
14 2.00 31.11 OUT -
15 1.81 34.10 ouUT .
16 |

2.24 38.61 OouT -
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Figure 9.38. Proof Load, South Lane Loading, NDN/I69 (S03-13074).
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Figure 9.39. Proof Load, Side-by-Side Loading, NDN/I69 (S03-13074).
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Figure 9.40. Deflections due to Proof Load, North Lane Loading,
NDN/I169 (S03-13074).
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Figure 9.41. Girder Distribution Factor Calculated from the Deflections,
North Lane Loading, NDN/I69 {S03-13074)}.
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Figure 9.42. Deflections due to Proof Load. South Lane Loading,
NDN/I69 (S03-13074).
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Fxgure 9. 44 Deflections due to Proof Load, Side-by-Side Loading,
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Side-by-Side Loading, NDN/I69 (S03-13074).
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Figure 9.46. Strains at East End, Side-by-Side Loading,
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Figure 9.47. Strains at West End, Side-by-Side Loading,
NDN/169 (S03-13074).
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Figure 9.52. Moment per Girder vs. Measured Strain, Girder 5.
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10. Bridge on M-46 over Pine River, in Gratiot County -
(B0O1-29041, M46/PR)

10.1 Description

This bridge was built in 1936 and is located on M-46 -over Pine
River in Gratiot County, Michigan. The deck was replaced and widened
in 1994. As shown in Figure 10.1, there is one lane in each direction. It
has eleven steel gird~ers spaced at 1.37 m. The total span length is 21.3
m without skew. It carries average daily traffic (ADT) of 5,600, according
to Michigan Structure Inventory. It is a single span, simply supported
composite structure, as shown in Figure 10.2. The bridge has a load

rating of 783 kN, according to the Michigan Structure Inventory.
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Figure 10.1. Cross-Section of Bridge M46/ PP; (BO1-29041)
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Figure 10.2. Elevation of Bridge M46/PR (B01-29041).

10.2 Instrumentation

Strain transducers were installed on the bottom flanges of girders
at midspan and selected support locations (Figure 10.3). Two separate
strain data acquisitions systems were used. For the girders 1 to girder 8,
The wireless data transfer systems were installed at the center of the
girders, and conventional wire based data transfer systems were installed
for girders 9-11. The accuracy of the wireless system was verified in the
test of bridge M66/RR (R01-78054), and explained in Section 4.5.
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The reflector for the PSM-R device from Noptel was installed at thé
girder No. 6 to measure deflection. The installation of equipment was

carried out on August 17, 1999. The bridge test was performed on
August 18, 1999.

. Traffic ‘Direction
West & # Fast ~
Girder 11

Girder 10
B

Girder 9
= -

Girder 8

\ / ;Girder 7 :
r\ Y Reflector (Noptel; Girder 6 I

\ Girders
Abutment Girder 5

North

L ]
B

Strain Gages Girder 4

Girder 3
girder

: \
Girder 2
y rcer South

Girder 1
@

Figure 10.3. Strain Gage Locations in Bridge M46/FPR (B01-29041}.

10.3 Truck Loads

Strain data necessary to calculate girder distribution and impact
factors were taken from midspan transducers. The bridge was loaded
~with two 11-axle trucks (three-unit vehicles). The gross vehicle weight
and the truck axle configurations are shown in Figures 10.4 and 10.5.
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Truck A Gross Vehicle Weight = 761 kN
Wheelbase = 17.81 m
Front Axle  3.71 y! 42, 3.10 12 112 236 112 1.60 1,12 1.14  meter
4 4! 7t 7l ! 71 “ a A A ’l

61 58 73 73 77 77 75 75 58 kN

Figure 10.4. Truck A Configuration, Bridge M46/PR (BO1-29041).

Truck B Gross Vehicle Weight = 744 kN i
Wheelbase = 17.58 m _
Front Axle 3.68 142 287 J.12 112 0239 109 1.65 1,12 112  meter
A L 1A A I A A
N 0 SR O I N A

62 76 79 75 77 82 57 57 59 60 60 kN

Figure 10.5. Truck B Configuration, Bridge M46 /PR (B0O1-29041).

A total of 16 load cases were considered, as shown in Table 10.1.
First each truck was driven by itself at the center of one lane, at crawling
speed. Then, the same truck was driven close to the curb. The runs in
the center of the lane were repeated at a normal highway speed. The
same was repeated for the other lane. Finally, two trucks were driven
simuitaneously, side-by-side, at crawling speed and normal highway
speed (about 60 km/h). For side-by-side cases, the runs were repeated
after the trucks switched lanes, i.e. first truck A was in North lane, and B
in South lane, then truck A was in South lane, and B in North lane.
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Table 10.1. Sequence of Test Runs, Bridge M46/PR (B01-29041).

Run# Truck Lane Side Position in Lane Truck Speed
1 Truck A North Center Crawling
2 Truck A North ~ Curb Crawling
3  TruckB North Center Crawling
4 Truck B North Curb Crawling
5 Truck B North Center 65 km/h
6 Truck A North Center ’ 65 km/h
7 Truck A South Center Crawling
8 Truck A -South Curb . Crawling
9 Truck B South Center | Crawling
10 TruckB _ South Curb Crawling
11 TruckB South Center . 65km/h
12  Truck A South Center 55 km/h
13 TruckAandB  both Center Crawling
14 TruckBand A  both Center : Crawling
15 TruckAandB both Center 65 kn/h
16 TruckBandA both Center "~ 65km/h
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10.4. Analysis Results

The three-dimensional finite element method (FEM) was applied to
investigate the structural behavior of the bridge M46/PR (BO1-29041).
The concrete slab was modeled with isotrophic, eight node solid
elements, with three degrees of freedoms at each node. The girder
flanges and web were modeled using three-dimensional, quadrilateral,
four node shell elements with six degrees of freedom at each node. The
structural effects of the secondary members, such-as the sidewalk and
parapet, were also taken into account in the finite element analysis

models.

Two cases of the boundary conditions were employed in the FEM
models. In the first FEM model, it was assumed that the supports could
be represented by a hinge at one end and a roller at the other end. In
the other FEM model, it was assumed that both supports were hinged,

with no movement in horizontal direction.

Figure 10.6 illustrates the mesh of the FEM model, and Figure
10.7 shows"the deformed shape of the bridge when it is loaded with two
trucks side-by-side.

Figure 10.8 shows the results of the finite element analysis for two
trucks side-by-side (Run 13). It includes the experimental results and
analytical results for the two considered models. The FEM results show
that the maximum strain at the most heavily loaded girder is about 160
ue, while the maximum strain recorded from the test is about 120 ue. In
addition, the experimental response lies between the two considered
analytical models. This indicates that a partial fixity exists at the
supports of the bridge. '



-

Figure 10.6. The Mesh of the Finite Element Model.
M46/PR (BO1-29041).

Figure 10.7. Deformed Shape of the Bridge M46/PR (B01-29041)
under Two Lane Loading.
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Figure 10.8. Results of the Finite Element Analysis, Truck A-north
Truck B-south loading, M46/PR (B01-29041). -
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_ 10.5. Load Test Results

The resulting strains and GDF's are shown in Fig. 10.9 through
10.13. Figures 10.9 to 10.11 present the results of all crawling-speed
(static) tests. Figures 10.9 to 10.10 present static strains and GDF's for
one truck on the bridge. The maximum strain due to a single truck is

‘about 75 pe. This corresponds to about 15 MPa.

Figure 10.11 shows static strains and GDFs from side-by-side
static load tests. For two vehicles side-by-side the maximum strain is
about 120 pe (which corresponds to 24 MPa). The superposmon of
strains due to a single truck in south and north lanes produces almost

the same results as strain due to two trucks side-by-side.

For two trucks side-by-side, the girder distribution factor for girder
i is determined using Eq. 4.4. For comparison, GDF are also calculated
according to AASHTO Standard Specifications (1996} and AASHTO LRFD
Code (1998). Two cases were considered, a single lane loaded, and two
lanes loaded. The resulting GDF's are shown in Fig. 10.9 through 10.13.

The results indicate that code-specified GDF's are conservative.
GDF's specified for a single lane are close to the result from two lane

loading.

Figure 10.12 and 10.13 shows the resulting strain and distribution
factors from normal speed tests. There is practically no difference

between the crawlihg speed and normal speed results.

Dynamic load factor (DLF) is defined in section 4.4. In Fig. 10.14,
DLF's are plotted for all load cases involving normal speed {no dynamic
load was measured for crawling speed runs). Large values of DLF in
exterior girders correspond to load cases with a single truck in the
opposite lane (resulting in very low static strain).
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The relationship between DLF and static and dynamic strains is
shown in Fig. 10.15. The open circles correspond to static strain, g,
and black solid squares correspond to dynamic strain, ¢,,. For each
static strain value {open circle), the corresponding dynamic strain is
denoted by solid square {the numbers of circles and squares are same).
Dymnarmic strains remain nearly constant, while static strains increase as
truck loading increases. This results in large dynamic load factors for
low static strains. It is clear from the Figure 10.15 that dynamic strain
does not exceed 15 pe in normal speed test. As shox:rn in Figure 10.15, it
is concluded that DLF corresponding to the maximum strain caused by
two trucks side-by-side, is about 0.10 for the most heavily loaded girder
(Girder 6).

Girder Number 6 was instrumented with remote deflection
measurement device. manufactured by Noptel. The reflector was installed
at midspan. The result is shown in Table 10.2. The maximum deflection

recorded during the test is 6.06 mm for girder number 6.
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Table 10.2. Maximum deflections measured at the center of the Girder 6,
M46/PR (B01-29041).

Run # Horizontal Vertical
(mm) (mm)
1 0.17 3.18
2 0.18 ‘ 1.27
3 0.21 3.15
4 0.20 1.32
5 0.26 299 .
6 0.17 3.01
7 -0.50 2.95
8 -0.34 1.14
9 -0.56 1 3.03
10 -0.33 | 1.31
11 -0.45 2.86
12 -0.48 2.82
13 0.34 6.06
14 -0.38 5.77
15 -0.31 5.69
16 -0.35 5.59
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Figure 10.12. Strain and GDF under One Truck Loading at Regular
Speed, M46/PR (B01-29041).
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Figufe 10.14. Dynamic Load Factors, M46/PR (B0O1-29041).
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Figure 10.15. Strain vs. Dynamic Load Factors, M46/PR (B01-29041).
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11. Bridge on M-82 over Tamarack Creek, Montcalm County
(BO1-59041, M82/TC)

11.1 Description

This bridge was built in 1932 and reconstructed in 1961 with
salvaged girders. It is located on M-82 over Tamarack Creek in
Montcalm County, Michigan. As shown in Figure 11.1, there is one lane
in each direction. It has ten steel girders spaced at 1.37 m. Itis a three
span, simply supported, composite structure, as shown in Figure 11.2.
The total bridge length is 43.4 m. The test was performed on the main
span. The length of the main span is 26.4 m without skew. It carries
average daily traffic (ADT) of 4200. The bridge has a load rating of 979
kN, according to the Michigan Structure Inventory.



0.52 2.77m , 3.73m ; 3.58m . 2.64m 0.52
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Concrete slab thickness = 178 mm

ke )
= G2 G3 G4 G5 G6 G7 G8 Go &
0.65| 9 Spa, @ 1.37 m= 1234 m lo.65
) 13.64m

.
Figure 11.1. Cross-Section of Bridge M82/TC (B01—5?041),

EAST

43.43 m :
9.75m ! 26.37m ] 7.32m

Rt - o

Figure 11.2. Elevation of Bridge M82/TC (B0O1-59041).

11.2 Instrumentation

Strain transducers were installed on the bottom flanges of girders
at midspan and selected support locations (Figure 11.3) of the main
span. The reflector for the PSM-R device from Noptel was installed at the
girder No. 6 to measure deflection. The installation of equipment and

bridge test were both performed on September 21, 1999.
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Figure 11.3. Strain Gage Locations in Bridge M827 TC (B0O1-59041).
11.3 Truck Loads

Strain data necessary to calculate gii'der distribution and impact
factors were taken from midspan transducers. The bridge was loaded
with 2 three-unit 11-axle trucks. The gross vehicle weight and the truck
axle configurations are shown in Figures 11.4 and 11.5.

Truck A : Gross Vehicle Weight = 601 kN
Wheelbase = 17.70 m
Front Axle 3.73 142 287 12@ 12 241 112 1.68 1,12 1,12  meter
7 o 4 I A
60 71 68 41 48 65 3% 4 - 61 59 44 kN

Figure 11.4. Truck A Configuration, Bridge M82/TC (BO1-59041).
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Truck B Gross Vehicle Weight = 585 kN
Wheelbase = 17.96 m
FrontAbxle 3.71 l’1.42 . 3.10 {‘,.14 3’.12], 241 ibl4 ;,1'63 1§I4 L.14  meter
7 7 | A ) A bl

58 66 65 43 49 56 44 52 36 50 65 kN

Figure 11.5. Truck B Configuration, Bridge M82/TC (BO1-59041).

b

A total of 16 load cases were considered, as shown in Table 11.1.
First each truck was driven by itself at the center of one lane, at crawling
speed. Then, the same truck was driven close to the curb. The runs in
the center of the lane were repeated at a normal highway speed. The
same was repeated for the other lane. Finally, two trucks were driven
simultaneously, side—by—éide, at crawling speed and normal highway
speed. For side-by-side cases, the runs were repeated after the trucks
switched lane, i.e. first truck A was in North lane, and B in South lane,
then truck A was in South lane, and B in North lane.
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Table 11.1. Sequence of Test Runs, Bridge M82 /TC (BO1-59041).

Run# Truck Lane Side Position in Lane Truck Speed
1 Truck A North Center Crawling
2 Truck A North Curb Crawling
3 Truck B North Center *  Crawling
4 Truck B North Curb Crawling
5 Truck B North Center 55 km/h
6  TruckA North Center ' 45km/h
7 Truck A South Center Crawling
8 Truck A South Curb : Crawling
9 Tifuck B South Center Crawling
10 - Truck B South Curb Crawling
11 TruckB . South Center 55 km/h
12  Truck A South Center 50 kim/h
13 Truck Aand B both Center - Crawling
14 TruckBandA  both Center Crawling
15 TruckAandB  both * Center 55 km/h
16 TruckBandA  both  Center 55 km/h
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11.4. Analysis Results

The three-dimensional finite element method (FEM) was applied to
investigate the structural behavior of the bridge M82/TC (B01-59041}.
The concrete slab was modeled with isotrophic, eight node solid
elements, with three degrees of freedoms at each node. The girder
flahges and web were modeled using three-dimensional. quadrilateral,
four node shell elements with six degrees of freedom at each node. The
structural effects of the secondary members, such as the sidewalk and
parapet, were also taken into account in the finite element analysis

models.

Two cases of the boundary conditions were 'employed in the FEM
models. In the first FEM model, it was assumed that the supports could
be represented by a hinge at one end and a roller with a hinge at the
other end. In the other FEM model, it was assumed that both supports

were hinged, with no movement in horizontal direction.

Figure 11.6 illustrates the mesh of the FEM model, and Figure
11.7 shows the deformed shape of the bridge when it is loaded with two
trucks side-by-side. |

Figure 11.8 shows the results of the finite element analysis for two
trucks side-by-side .{Run 13). It includes the experimental results and
analytical results for the two considered models. The FEM results show
that the maximum strain at the most heavily loaded girder is about 130
e, while the maximum strain recorded from the test is about 120 pe. In
addition, the experimental response lies between the two considered
analytical models. This indicates that a partial fixity exists at the
supports of the bridge.
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Figure 11.6. The Mesh of the Finite Element Model,
M82/TC (BO1-59041).

Figure 11.7. Deforined Shape of the Bridge M82/TC (BO1- 59041)
under Two Lane Loadlng
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Figure 11.8. Results of the Finite Element Analysis, Truck A-north
Truck B-south loading, M82/TC (BO1-59041).
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'11.5. Load Test Results

The resulting strains and GDF's are shown in Figures 11.9 through
11.13. Figures 11.9 to 11.11 present the results of all crawling-speed
(static) tests. Figures 11.9 to 11.10 present static strains and GDF's for
one truck on the bridge. The maximum strain due to a single truck is

about 100 pe. This corresponds to about 20 MPa.

Figure 11.11 shows static strains and GDF's from side-by-side
static load tests. For two vehicles side-by-side the maximum strain is
about 120 ue (which corresponds to 24 MPa). The éupf:rposition of
strains due to a single truck in south and north lanes produces almost

the same results as strain due to two trucks side-by-side.

For two trucks side-by-side, the girder distribution factor for girder
i is determined using Eq. 4.4. For comparison, GDF are also calculated
accord.ing to AASHTO Standard Specifications (1996) and AASHTO LRFD
Code (1998). Two cases were considered, a single lane loaded, and two -
lanes loaded. The resulting GDF's are shown in Figures 11.9 through
11.13.

The results indicate that code-specified GDF's are conservative.
Also, GDF's specified for a single lane are very close to results from two

lane load cases, as shown in Figure 11.11.

Figure 11.12 and 11.13 shows the resulting strain and distribution
factors from normal speed tests. There is practically no difference

between the crawling speed and normal speed results.

Dynamic load factor (DLF) is defined in section 4.4. In Figure 11.14,
DLF's are plotted for all load cases involving normal speed (no dynamic

load was measured for crawling speed runs). Large values of DLF in
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exterior girders correspond to load cases with a single truck in the

opposite lane (resulting in very low static strain).

The relationship between DLF and static and dynamic strains is
shown in Figure 11.15. The open circles correspond to static strain, e,
and black solid squares correspond to dynamic strain, g4,. For each
static strain value {open circle), the corresponding dynamic strain is
denoted by solid square (the numbers of circles and squares are same).
From Figure 11.15 it is clear that the absolute values of dynamic strain
do not exceed about 15 pe (3 MPa). Two different ;uns of regular speed
side-by-side tests were performed in this bridge test. It was observed
that a two truck side-by-side loading caused the .dynamic load factor of
about 0.06 and 0.135 for the most heavily loaded girder (girder No. 6).
However, the value of DLF is overestimated. This is explained in the
Section 12.2..

‘Girder N umber 6 was instrumented with remote deflection
measurement device manufactured by Noptel. The reflector was installed
at midspan. The result is shown in Table 11.2. The maximum deflection

recorded during the test is 9.82 mm for girder number 6.
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Table 11.2. Maximum deflections measured at the center of Girder 6,
' M82/TC (B01-59041}.

Run # Horizontal ~ Vertical
(mm) (mm)
1 0.28 5.84
2 10.72 2.54
3 0.34 . 5.49
4 0.70 2.57
5 NA NA .
6 0.24 5.94
7 -0.50 4.60
8 -0.44 1.34
9 -0.29- 4.24
10 -0.40 1.42
11 . -0.31 4.15
12 NA NA
13 -0.18 9.72
14 -0.25 9.82
15 0.17 9.40
16 -0.18 9.72
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Figure 11.9. South Lane, Crawling Speed; M82/TC (B0O1-59041).
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Figure 11.10. North Lane, Crawling Speed, MSZ/TC {(BO1-59041).
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Figure 11.11. Side-by-Side Loading, Center of Lane, Crawlmg Speed,
M82/TC (BO1-59041).
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Figure 11.12. Strain and GDF under One Truck Loading at Regular
Speed, M82/TC (B01-59041).
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Figure 11.14. Dynamic Load Factors, M82/TC (B01-59041).
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12. Summary and Conclusions

The test program documented in this report covered simply
supported, steel girder bridges with spans from 20 to 30 m. The
objective of the tests was to verify girder distribution factors (GDF),
dynamic load factors {DLF), and load carrying capacity for the bridges
selected. In addition, the tests were to check the efficiency of two new
equipment systems: wireless transmitters to replace the cables, and an

optical deflection measurement device.
12.1. Girder Distribution Factors i

Six bridges were instrﬁmented and loaded with heavy I1l-axle
trucks. The resulting strains are shown in Figures 12.1 to 12.5, for one
truck and two trucks side-by-side.

In Figures 12.1 and 12.2, the strains are plotted for one lane
loading at crawling speed. Two truck positions are considered for each
case: close to the curb and center of the traffic lane. The strains for truck
A and B are practically the same, which confirms the repeatability of the
results. For a single truck, the maximum strain was recorded in the
interior girder, about 230 pe. For two trucks side-by-side and crawling
speed the strains are shown in Figure 12.3. For two trucks side-by-side,

the maximum strain is about 348 pe.

Similar results are obtained for the strains measured at the regular
speed, as shown in Figures 12.4 and 12.5. This confirms that the speed
does not affect the accuracy of the results for GDF's.

The girder distribution factors are summarized in Figures 12.6 to
12.8 at crawling speed and Figures 12.9 and 12.10 for the regular speed.
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For a one lane loaded, GDF's observed for interior girders are lower
than GDF's specified in the code as shown in Figures 12.6 and 12.7 for
crawling épeed, and in Figure 12.9 for normal speed. For exterior girders
the code specified GDF's are different than for GDF's for interior girders
and the test results are not compared to code specified values in this

study.

The code specified GDF's are conservative for two trucks side-by-
side. As shown in Figure 12.8 and Figure 12.10, the GDF's from the tests
are equal or less than the GDF’s specified for two lanes loaded by the
AASHTO LRFD (1998) and AASHTO Standard (1996). In many cases,
even code specified GDF's for one lane loading are sufficient for, or very

close to, the test results from the two trucks side-by-side loading.

The absolute values of measured strains are less than 210 e for
all the tested bridges except of structure S03-13074 for which it is 348

pe. There are two main reasons low strain values:

e Partial fixity of supports. All of the considered —bridges, except of
structure S03-13074, were designed with simple supports. Yet, the
actual supports provide some resistance to horizontal movement
and rotation. This is due to collection of debris, corrosion, and
counter-balancing effect of weight of structural and non-structural
components on the other end of the bearing center (cantilever
portion of the girder, concrete diaphragm over the support, portion
of the deck slab, portion of the pavement adjacent to the bridge).

e More uniform girder distribution factors. The truck load is
distributed among the girders and other components (deck slab,
sidewalks, parapet, curbs). The latter are not considered in the
design and their contribution to the overall stiffness of the bridgé
can be about 10%.
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The measured strain in structure S03-13074 is larger than in
other tested bridges because of different support conditions. Even though
this bridge is a statically determinate structure, the girders are
continuous over the supports with pin-hangers joints in adjacent spans.
Therefore, the effect of partial fixi'ty of the supports is reduced (or even

eliminated).

For evaluation of existing steel girder bridges, it is recommended to
use AASHTO LRFD (1998) girder distribution fa_ctors. For the bridges
Which have ADTT lower than 1000, GDF's specifi’e@ for a single lane
structures can be used, because of a reduced probability of a
simultaneous occurrence of two heavy truck side-by-side. This
recommendation is an extension of the previous one. and it applies to
spans up to 30m (previous recommendation was based on bridge tests

limited to shorter spans).
12.2. Dynamic Load Factors

The dynamic load factors (DLF} obtained from the tests are
summarized in Figures 12.11 and 12.12. For a one lane loading, DLF
corresponding to the maximum static strain, is about 0.20. For two
trucks side-by-side, DLF is less than 0.10 for all the bridges. except of
bridge B01-59041 for which it is about 0.135. However, in case of the
latter bridge, the value of DLF is overestimated. The actual strain vs.
time relationship is s;hown in Figure 12.15. The static strain is calculated
by fiitering the dynamic effect. The computer procedure and filtering
involves some subjective judgement. The computer simulated static
strain and manually simulated strain are shown in Figure 12.16. DLF

corresponding to the latter is less than 0.10.

In evaluation of existing steel girder bridges, it is recommended to
use the DLF = 0.10 for two lane bridges, with both lanes loaded. For a
single lane load DLF = 0.20 can be used.
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12.3. Finite Element Analysis

Figure 12.13 shows the results of the finite element analysis for
two truck side-by-side loading. It includes the experimental results and
analytical (FEM) results from the two different models. In the first FEM
model, it was assumed that the supports were represented by a hinge at
one end and a roller with a hinge at the other end. In the other FEM
model, it was assumed that both supports were hinged, with no
movement in horizontal direction. The experirﬁental response lies
between the two different analytical models. This indicates that the
partial fixity exists at the supports of the bridge.

For comparison, the GDF's obtained in field tests as a part of this
study, are plotted versus analytical values calculated using AASHTO
Standard (1996) and AASHTO LRFD (1998). The results are shown in
Figure 12.14 for single truck (one lane loaded) and for two trucks (two

lanes loaded).

The maximum measured static strains are compared to calculated
strains in Table 12.1 for two trucks -side~by—side. The maximum
calculated strains were obtained by using (1) the maximum bending
moment from 685 kN legal truck load and the GDF's specified in
AASHTO Standard (1996), and (2) finite element analysis using the test
trucks.

For finite element analysis (FEA) in Table 12.1, three-dimensional
finite element analysis was performed. The concrete slab was modeled
as an isotrophic, eight node solid element, with three degrees of freedoms
at each node. The girder flanges and web were modeled using three-
dimensional, quadrilateral, four node shell element with six degrees of
freedom at each node. The structural effects of the secondary members,
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such as sidewalk and parapet, are also included in the finite element

analysis models.

Two cases of the boundary conditions were empl'oyed in the FEA
models. In the first FEA model, the supports are truly simple, that is,
one of the supports is a fixed hinge, and the other one is a roller support.
In the other FEA model, both supports are fixed hinges, thereby not

allowing the horizontal movement at the supports.

In evaluation of existing steel girder bridgesp, the available finite
element methods (FEM) can provide useful results. The numerical
accuracy depends on the number of elements and geometrical
configuration of the model. However, the most important consideration
is the selection of the boundary conditions. This is also the most difficult
task and it requires a good knowledge of site-specific details. The
comparison of the analytical and field test results indicates that the
actual perforrnance can be modeled accurately by assuming composite

action and partial fixity of supports.
12.4. Wireless Transmitters

_ The research team's experience with using the wireless
transmitters is not very good. It took a long time to get them fixed
because of many problems (interference, poor connections, range). When
finally applied in parallel with the cable-based system, the results were
very similar, however, one of the transmitters did not work. The
installation time compared to cable-based system is not much shorter.
Nevertheless, we are planning to use the wireless transmitters in future

tests and try to make further improvements in the system.
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12.5. Optical Device for Measurement of Deflection

An important consideration in field testing is the access to the
structural components without interfering with traffic. Therefore, we
tried to use the optical device by Noptel to remotely measure deflection.
For verification, bridges with ID S03-13074 were instrumented with two
parallel systems, Noptel device, and LVDT's. Only one Noptel device was
available for this project because of the high price. The comparison
confirmed that the resulting deflections are very close for both systems.
Therefore, the project team intends to purchase a?d_ditionél devices to

measure the deflection of several girders simultaneously.

Table 12.1. Comparison of the Strain Values from the test and analysis.

Maximum Maximum Calculated Strain (10®) .
MDOT ID # Meas‘;{%‘l)s“a‘“ AASHTO |AASHTO| Finite Element Analysis
5/4.27 S5/3.36 Simple Restrained
Supports Supports
B02-46062 161.8 247.4 314.7 187 76
R0O1-78054 207.3 3054 388.9 231 173
B04-77012 96.4 214.1 248.8 153 71
503-13074 348.3 501.5 6384 285 150
B01-29041 120.0 338.0 430.0 157 74
B01-59041 116.3 260.4 3314 131 60
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Figure 12.1. Strains under One Lane Loading at Crawling Speed
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Figure 12.2. Strains under One Lane Loading at Crawling Speed
({Continued]).
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Figure 12.3. Strains under Side-by-Side Truck Loadlng
at Crawling Speed
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Figure 12.4. Strains under One Lane Loading at Regular Speed.
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Figure 12.5. Strains under Side-by-Side Truck Loading at Regular Speed.
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Figure 12.6. Girder Distribution Factor under One Truck Loading at
Crawling Speed.
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Figure 12.7. Girder Distribution Factor under One Truck Loading at
Crawling Speed (continued).
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Figure 12.9. Girder Distribution Factor under One Truck Loading at
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Figure 12. 10 Girder Distribution Factor under Two Truck Slde -by-Side
Loading at Regular Speed
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12.11. Dynamic Load Factor.
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12.12. Strain Vs. Dynamic Load Factor.
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12.13. Results of the Finite Element Analysis.
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Figure 12.14. GDF (test) Versus GDF (Analysis).
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