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ABSTRACT: Proof load tests were carried out on three deteriorated steel girder bridges with simple supports.
Selected bridges are more than 60 years old, and their span lengths range from 11.0 to 15.5 m. Two military
tanks were used to load the bridges up to a predetermined proof load level, which depended on the maximum
allowable legal load. The midspan moment was increased in several steps by gradually moving the tanks closer
to the midspan. Each tank weighed over 530 kN. Stresses and deflections in steel girders were measured at
selected locations. Small stresses and a linear response were considered as the indication of a safety reserve.
All bridges were able to sustain the applied proof load. Observed stresses and displacements were considerably
smaller compared with those from analytical models. The composite action between concrete slab and steel
girders was observed even at the maximum load level, although no shear connectors were provided. Nonstruc-
tural members such as parapets, railings, and concrete facade were also contributing to the flexural stiffness.
For all bridges, the bearings provided partial restraint to the rotation at supports.

INTRODUCTION

The objective of the presented study was to develop an ef-
ficient proof load testing procedure for existing bridges. Field
testing is an increasingly important topic in the effort to deal
with the deteriorating infrastructure, and in particular, with
bridges. More than a fourth of all bridges are over 50 years
of age, and the average life span of a bridge is 70 years. In
addition to deterioration due to age, corrosion, and poor main-
tenance, the actual live load on bridges has also increased con-
siderably. For example, in 1950, the maximum observed gross
vehicle weight (GVW) of a truck was only about 500 kN in
the state of Michigan (Michigan Bridge Analysis Guide 1983).
However, 45 years later, during a weigh-in-motion study on
several highways in Michigan, a maximum GVW of 1,110 kN
was recorded (Laman 1995).

The theoretical evaluation of the bridge load-carrying ca-
pacity requires accurate information about material properties,
support behavior, contribution of nonstructural members, ef-
fect of deterioration, and other factors. For simplicity, conser-
vative assumptions are made to account for these parameters
in analyses. Therefore, it is often observed during load testing
of bridges that the actual load capacity is higher than what is
predicted by analytical methods (Bakht and Jaeger 1990). In
certain cases, this extra safety reserve in the load capacity can
be used to prove that the bridge is adequate and thus to avoid
or delay replacement or rehabilitation. Two types of nonde-
structive tests are available: diagnostic tests and proof load
tests.

Diagnostic tests involve a lower load level such as small
trucks or normal traffic, and are used to calibrate or verify
analytical models. These analytical models are then used to
calculate the rating factors. However, several important pa-
rameters influencing the bridge behavior at lower load levels,
such as the unintended composite action, bearing restraints,
and effect of parapets, may disappear at higher load levels.
Alternatively, proof load testing can be used for accurate eval-
uation of load-carrying capacity. However, the current ap-
proach to proof load test is often too conservative, and in many
circumstances, it is impractical. Therefore, there is an urgent
need for a simplified and efficient proof load testing procedure.
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In this study, proof load tests were carried out on three de-
teriorated steel girder bridges. The objective was to determine
the adequacy of selected bridges to carry legal truck traffic
without any load posting and to develop a simple and eco-
nomical procedure for proof load testing.

SELECTED BRIDGES

Three medium-span deficient steel girder bridges were se-
lected on the basis of deterioration and load rating. Each
bridge was inspected prior to the tests to record deterioration
of various components and to determine the locations of the
strain and displacement transducers. Effect of corrosion (i.e.,
section loss and location) on the flanges and webs of steel
girders and the reinforcing bars in the concrete slab were doc-
umented. Actual flange thickness was measured at selected lo-
cations, in particular, close to midspan. The deterioration of
the parapet, top and bottom of the deck, abutments, and piers
were also recorded.

Bridge One

This bridge was built in 1926 and is located over Grand
River in Jackson County, Michigan. It has one lane in each
direction carrying state highway M-50 and the business loop
of US-127 with a total ADT (average daily traffic) of 11,900.
It has ten steel girders and a 165-mm-thick reinforced concrete
slab with a 150-mm-thick cast-in-place concrete wearing sur-
face and a 170-mm-thick bituminous overlay. It is a simply
supported single span bridge, which was designed to behave
as a noncomposite structure. The total span length is 14.6 m
and the width is 13.8 m.

The primary concern for this bridge was heavy corrosion of
structural steel. Severe corrosion in the lower flanges of the
steel girders was observed during initial inspection. As much
as a 60% reduction in the flange thickness could be seen at
some locations close to midspan. This reduces the moment
capacity of the steel girder by about 25%. Webs were corroded
at some places, but the deterioration was considered to be in-
significant. The upper flange was also corroded; however, the
reduction in thickness could not be measured. Spalling of con-
crete was observed in the diaphragms, the bottom of the con-
crete deck, the parapets, the facade on exterior girders, and
the abutments. There was not much corrosion in the steel gird-
ers near the supports. Therefore, the critical limit state for this
bridge was the moment capacity at midspan.

The design compressive strength of concrete was taken to
be 17.3 MPa, and based on coupon tests performed by the
Michigan Department of Transportation (MDOT), 290 MPa
was used as the yield stress of structural steel. The live load
capacity at operating rating level was 1,549 kN-m prior to the






