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DEGRADATION MECHANICS OF
BRIDGE CABLES

KM Mahmoud
Bridge Technology Consulting, 295 Madison
Avenue, Suite 901, New York, NY 10017, USA

khaled@kmbtc.com

Keywords: Suspension cables, degradation
mechanics, stress corrosion cracking,
hydrogen embrittlement, corrosion rate,
Monte Carlo simulation

Inspections of suspension bridge cables
conducted in the last decade revealed the
presence of cracks and brittle fractures in
wires. Strength capacity of bridge cables
is usually evaluated without accounting
for the effect of corrosive environments.
Stress corrosion cracking, pitting, corrosion
fatigue and hydrogen embrittlement are
some of the major factors that compromise
the cable strength. In this paper, the factors
that affect the degradation mechanics of
bridge cables are presented. The parameters
inpuencing the cable strength are outlined
and discussed in the frame work of
probability-based analysis.

AE AND SIBIE TECHNIQUES
FOR NDT OF CRACK, DAMAGE,
CORROSION AND VOID IN
CONCRETE

M Ohtsu, M Shigeishi, T Suzuki,

N Alver

Kumamoto University, Kumamoto 860-8555
Japan

Ohtsu@gpo.kumamoto-u.ac.jp

Keywords: NDT of concrete, acoustic
emission, impact echo, SIBIE

The need for estimating concrete
properties other than strength has been
drastically increasing. In particular,
quantitative identification of defects in
concrete is of signiycant importance for
maintenance, because concrete structures
are no longer maintenance-free. To thisend,

nondeteructive testings (NDT) have been
intensively studied to establish practical
inspection techniques.

Acoustic emission (AE) techniques
have been extensively studied as NDT of
concrete. At the present state of the art,
cracking mechanisms inside concrete,
damage degree of concrete and corrosion
of reinforcement can be quantitatively
evaluated. Crack kinematics is identiyed by
the SIGMA procedure based on the moment
tesor of AE source. Because kinematical
information is obtained as three-
dimensional (3-D) locations and vectors,
3-D visualization is recently developed.
New AE parameters of load ratio and
calm ratio are deyned for qualiycation of
the damages. Damage qualiycation was
experimentally conducted in reinforced
concrete beams damaged due to cyclic
loading. AE behavior of concrete under
compression is quantitatively analyzed,
applying the rate process theory. Using
Loland's model of damage mechanics, a
relation between AE rate and the damage
parameter is correlated and implemented
in a database. By quantifying intact
elastic moduli of concrete from the
database, relative damages of concrete
in existing structures are successfully
estimated. Continuous AE monitoring is
useful for earlier warning of corrosion
in reinforcement. Onset of corrosion in
reinforcement and nucleation of corrosion
cracking in concrete are readily identiyed.
These updated results are discussed.

The impact echo is developed for NDT
to identify defects in concrete. Resonance
frequencies are applied to estimate the
presence and the depth of defects. It is,
however, not easy to identify particular
peak frequencies only responsible for
the defects. Consequrently, SIBIE (Stack
Imaging of Spectral Amplitudes based on
Impact-Echo) procedure is developed. The



procedure is successfully applied to identify
an ungrouted tendon duct of plastic sheath in
a prestressed concrete (PC). Determination
of surface-crack depths is also attempted.

DETECTING DETERIORATION
BEHIND GFRP WRAP
STRENGTHNING OF BRIDGE
COLUMNS

O Bgy¢kezterk, T-Y Yu

Massachusetts Institute of Technology, Dept
Civil & Environmental Engineering, Cambridge,
Massachusetts 02139, USA
obuyuk@mit.edu, youngyu@mit.edu

Keywords: NDE, GFRP-wrapped concrete
columns, airborne radar, far-yeld condition,
delamination

A radar NDE (nondestructive evaluation)
technique using an airborne antenna
operating in the far-field condition is
developed for detecting damages such
as delamination and concrete cracking in
GFRP (glass yber reinforced polymer)-
wrapped concrete columns. The far-yeld
airborne radar (FAR) NDE technique is
advantageous for distant measurement of
bridge columns in practical applications.
Far-yeld radar measurements were made
on artificially damaged specimens in
the compact RCS (radar cross section)/
antenna range facility. Normal incidence
and oblique incidence measurement
schemes were applied to study the specular
effect in reflected signals. Preliminary
measurement results indicate the presence
of artiycial defects behind the GFRP wraps
as shown in the frequency-angle imagery.
A ynite difference-time domain (FD-TD)
numerical simulation capability for the
electromagnetic (EM) wave propagation
and scattering is developed and applied
to GFRP-wrapped concrete cylinders. It
is shown that this far-field radar NDE
technique has potential in identifying
structural damages in the surface regions of

concrete columns wrapped with GFRP. The
importance of data de-noising and yltering
along with further image processing is
emphasized and planned for further work.

DEBONDING FAILURES OF

RC BEAMS FLEXURALLY
STRENGTHENED WITH
EXTERNALLY BONDED FRP
REINFORCEMENT

Prof JG Teng

The Hong Kong Polytechnic University, Dept
Civil & Structural Engineering, Hong Kong,
China

cejgteng@polyu.edu.hk

Keywords: FRP, RC beams, strengthening,
debonding, design

The flexural strength of a reinforced
concrete (RC) beam can be substantially
enhanced by bonding an FRP plate to the
tension face of the beam. Failure of such an
FRP-strengthened RC beam often occurs
by debonding of the FRP plate from the
RC beam before the theoretical flexural
capacity of the plated beam section is
reached. Despite the many theoretical
and experimental studies on debonding
failures of FRP-strengthened RC beams,
considerable uncertainty still exists with the
failure mechanisms and processes and with
the accurate prediction of debonding failure
loads. This paper addresses the following
issues based on the extensive recent research
conducted at The Hong Kong Polytechnic
University: (a) classiycation of debonding
failure modes; (c) mechanisms and
processes of debonding failure modes; (e)
theoretical models for debonding failures;
and (d) design against debonding failures.
The comprehensive design procedure
given in this paper can be directly applied
in the practical design of FRP strengthening
systems for RC beams and serves as a useful
basis for the drafting of design provisions in
design codes and guidelines.



35 YEARS OF INSITU ASSESSMENT
OF CONCRETE

Prof JH Bungey

The University of Liverpool, Dept Engineering,
Brownlow Street, Liverpool L69 3GQ UK
bungey@liverpool.ac.uk

Keywords: Concrete, insitu, testing, non-
destructive, documentation, standards

Developments of techniques for insitu
assessment of concrete over the past 35
years, including non-destructive methods,
are reviewed and analysed on the basis of
the Authorés experiences. The effects of
changing demands by Engineers driven
by industrial circumstances, including a
shift in focus from strength to durability
and integrity assessment are traced in
relation to equipment developments. An
important recent feature is the impact of
digital technology upon data handling,
interpretation and presentation capabilities,
leading to significant new industrial
applications. This has been supported by
extensive research at Universities and other
laboratories to assess test capabilities and
develop interpretation procedures. In
some cases, this has been stimulated by
organisations such as RILEM and research
councils.

Concurrent developments of authorative
documentation available to Engineers have
also been signiycant. These include new
National Standards, Committee Reports
and Compendia of test methods, as well
as textbooks and handbooks. Several
new European Standards have recently
been published, whilst others are under
development, and key features of these
will be outlined. Such documentation is an
essential component of increased industrial
acceptance of insitu testing.

Future prospects for insitu testing
will also be briepy considered in the light
of likely industrial needs and financial
constraints, together with availability

of appropriate accredited training
programmes.

STATE-OF-THE ART TECHNIQUES
FOR REHABILITATION AND
SAFETY OF HIGHWAY BRIDGES
Prof AS Mosallam

University of California, Irvine Dept Civil &
Environmental Engineering, 4130 Engineering
Gateway, Irvine CA 92697-2175, USA
Mosallam@uci.edu

Keywords: Highway bridges, FRP
composites, rehabilitation, repair, safety,
impact, fatigue

This paper provides an overview on some of
the latest advances in bridge rehabilitation
and safety. In the rehabilitation side,
innovative polymer composite systems
were developed, evaluated and applied on
a portion of the Sauvie Island highway steel
bridge in Portland, Oregon. A description
of the yeld application of the composite
systems is presented. The use of hybrid
composite decks for providing an efycient
solution for the chronic fatigue problem of
the lift span of the Schuyler Heim highway
bridge in Long Beach, California is also
presented. In addition to weight saving,
the composite deck has a superior fatigue
properties and high strength-to-weight and
stiffness-to-weight ratios as compared to
the existing welded steel gratings.

In this program, a pilot project in
developing field emergency repair
procedure was conducted and the
repaired deck exceeded the strength of the
undamaged deck by over 25%. Rapid and
emergency repair of reinforced concrete
bridge columns is another successful
application of FRP composites. The
results and details of a pilot project was
conducted at the University of California of
Irvine aiming at evaluating repaired shear-
deycient columns damaged by a simulated
gravity and cyclic forces is reported. The



results of the large-scale testing indicated
that the use of polymeric composites as
external jackets can be performed rapidly
in the yeld with minimum workmanship
requirements in addition of being a cost-
effective solution capable of not only
restoring the original capacity of the
damaged column, but also increases its
shear strength and ductility. In addition,
details of an innovative functionally-
degraded sandwich system for enhancing
the high-energy impact resistance of
reinforced concrete highway bridge girders
are discussed. This innovative system will
increase the safety of both the over-height
trucks as well as the impacted girder. The
efyciency of this innovative system was
validated via large-scale horizontal impact
tests as well as numerical simulation using
Dyna-LS software.

INVESTIGATION ON THE PILLARS
OF THE SYRACUSE CATHEDRAL
IN SICILY

L Binda, L Cantini, P Condoleo,

A Saisi, L Zanzi

DIS - Department of Structural Engineering,
Politecnico of Milan, Piazza Leonardo da Vinci,
32, 20133 Milan - Italy

binda@stru.polimi.it, cantini@stru.polimi.it
condoleo@stru.polimi.it, saisi@stru.polimi.it
zanzi@stru.polimi.it

Keywords: Masonry, diagnosis, NDT&E,
radar test, thermovision

The long-term research experience of
the authors shows the importance of
the knowledge of the building through
experimental investigation. Recently, the
authors intensively studied the Syracuse
Cathedral in order to evaluate the structural
state of preservation of the pillars. The
Cathedral of Syracuse was built in different
phases on an ancient Greek temple from
the 5th cent b.C. and modiyed along the
centuries. The pillars of the central nave,
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obtained cutting the temple cell walls, show
acomplex situation of damages and repairs.
An investigation program (including sonic,
radar, ultrasonic, etc.) has been recently
planned, aimed to design the preservation
and restoration actions. An accurate
geometrical survey of the surface problems
and defects allowed the localisation of the
most damaged area, suggesting the further
control by NDT. The results obtained from
the survey were compared to the results of
the other type of tests and the elaborated
data will implement an analytical model
for the study of the seismic vulnerability.
The paper presents and discusses the
preliminary results of the research carried
out by the authors.
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EXPERIMENTAL SAFETY
EVALUATION OF CONCRETE AND
MASONRY BRIDGES

Prof M Gutermann

University of Applied Sciences, Neustadtswall
30, 28199 Bremen, Germany
ifes@hs-bremen.de

Prof K Steffens

Prof. Dr.-Ing. Steffens
Neustadtswall 30, Germany
info@psi-bremen.de

Keywords: Loading test, maintenance,
experimental assessment of loading
capacity, road bridge, railway bridge,
masonry arch bridge, hybrid static

Ing.-GmbH,

The experimental safety evaluation
of structures appears to be a technical
alternative if analytical approaches fail to
prove sufycient structural safety. Especially
in the case of concrete and masonry
structures, by loading tests numerous
structures could be saved from demolition.
Financial aswell as environmental resources
for their replacement could be saved.
During the last decade, the technology of
the in situ experimental safety evaluation of
structures has been signiycantly improved
and extensively tested.

The work of a research team under
the leadership of the University of
Applied Sciences in Bremen resulted in
remarkable technical achievements as far
as methods and equipment for loading
tests are concerned (Fig. 1). Furthermore,
the team contributed into the formulation
of corresponding technical guidelines.
By using state-of-the-art measuring
equipment the research team could
successfully evaluate the structural safety
and serviceability of approximately 300
structures, among them about 60 bridges.
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VALUATION AND WHOLE LIFE
COSTING OF CONCRETE BRIDGES
AND OTHER INFRASTRUCTURE
ASSETS IN THE UK

Dr D Mulenga & Prof P Robery
Halcrow Group Ltd, 62 Hagley Road,
Birmingham B16 8PE, UK
mulengadm@halcrow.com
roberypc@halcrow.com

M Alisa

Halcrow Group Ltd, Vineyard House, London
W6 7BY, UK

alissm@halcrow.com

Keywords: Asset Engineering, Asset
Management, Whole Life Costing, Whole
of Government Accounts, Transport Asset
Management Plans, Facilities Management,
PAS 55, Turnbull Compliance, Asset
Preservation, Asset Valuation, PDA
devices, Benchmark Survey.

In the past three years there has been
an unprecedented interest by Local
Government in the UK in the condition
and value of their highway assets. In the
past, it was sufycient to know the projected
maintenance spend to keep highway assets
such as bridges and roads operational.
However, this approach suffered from
budgetary shortfalls, leading to a backlog
in work.

For some time, Governments around
the world have begun to look further
than short term, reactive maintenance
strategies. Strategic highway authorities
in particular have introduced infrastructure
management plans and procedures that
developed complex models based on the
value of the asset and the comparative cost
of maintaining or replacing it, based on a
whole life costing approach. The intention
was clear: to prioritise the work and ensure
that best use was made of the limited funds
available. The outcome has been increasing
use of transport asset management plans,
which include asset valuation and whole



life costing principles.

Recently in England, the Local
Government sector has also had to
embrace this approach. UK Government
has now adopted Resource Accounting and
Budgeting (RAB) and Whole Government
Accounting (WGA) for all its assets. This
requires Local Government authorities to
carry out an exercise to value their assets.

The first step in the process is to
understand the types and numbers of
assets within each authority area. All key
structures such as bridges and culverts
should have current inspection and
test reports giving the structural form;
information on other highway assets, such
as street signage, may be less well deyned.
However, all assets need to be identiyed
and valued and an estimated residual life
stated, from which future maintenance
requirements can be developed. This is in
effect an Asset Management Plan. Each
authority needs to use asset management
principles to discharge its responsibilities
for the safety and performance of the
network under its control. Typically, this
involves an assessment of present condition
and level of service, a projection of future
condition and level of service with projected
usage levels, present and future valuation,
and consideration of alternative scenarios
for improvement to meet performance
targets.

This paper sets out the authorsd
experience in developing asset management
plans that incorporate asset valuation and
whole life costing, using practical examples
to demonstrate how deterioration modelling,
upgrading works and life projection
improvements can signiycantly increase the
value of the asset on the balance sheet.
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STRENGTHENING OF CONCRETE
BRIDGES BY USE OF EXTERNAL
PRESTRESSING

Dr H Pedersen

COWI AJS, Parallelvej 2, 2800 Kgs. Lyngby,
Denmark

hpe@cowi.dk

ITK Leong

Land Transport Authority, 1 Hampshire Road,
Singapore 219428
Kim_Leong_TAN@Ita.gov.sg

Saw Wee Hong

Maunsell (S), The Concourse, 300 Beach Road,
199555 Singapore
WeeHong.Saw@maunsell.aecom.com

Keywords: Traffic loads, design and
upgrading Criteria, load capacity, durability,
strengthening, concrete structures,
prestressing, interruption of trafyc

Since the early eighties external prestressing
has been used in many cases as an efycient
method to increase the load capacity of
concrete bridge superstructures. However,
the method does not seem to have reached
a status worldwide of being a standard.
Itis well-known, that use of prestressing
techniques in design of concrete bridges
have provided slender designs and have
lowered the overall costs of bridge
superstructures as the strengths of concrete
materials are utilized to an optimal extent.
When the need for increasing the load
capacity of an existing bridge arises, it is
therefore natural to consider the condition
of the bridge, the strength of the concrete
and the degree of prestressing, if any, in the
existing bridge. In many cases it is possible
to increase the degree of prestressing and
thereby achieve a more optimal distribution
of concrete stresses for live load, which
leads to an increase of the load capacity.
In Singapore the Land Transport
Authority (LTA) has appointed consultants
to undertake a thorough inspection of its
bridge stock. Apart from determining the
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condition of each bridge and hence its

current capacity, LTA also required the

bridges to be checked for carrying enhanced

HA Loading (20% increase on the HA loads

speciyed in BS 5400) to repect the increase

in intensity and weight of trafyc.

Where the current capacity proved to
be inadequate to take the enhanced HA
loading, strengthening of the bridges was
required. The use of external prestressing
for strengthening of bridges was found to
be a cost effective and efycient system for
increasing the bridge capacity.

Using both single span and continuous
span bridges as examples, this paper
presents
A Asummary of the inspection and testing

undertaken;

A The assessment of the load carrying
capacity;

A The criteria adopted for determining
whether a  bridge required
strengthening;

A The assessment and costing of the
various strengthening options, including
the temporary works involved.

A The analysis and design of external
prestressing members;

A The construction techniques used to
install external prestressing.

The paper concludes by summarising the
advantages of using external prestressing,
which in many cases has proved to be
superior for the following reasons:

A the concrete of the existing bridge
superstructure possesses non used
capacities

A use of external prestressing only requires
known and proven technology and
existing equipment

A as well the serviceability limit state
as the ultimate limit state is improved
(durability as well as load capacity)

A construction works are limited to the
areas of the anchorage zones for the



external prestressing, which means that
the need for trafyc restrictions on the
bridge itself or below is reduced.

ASSESSMENT OF REINFORCED
CONCRETE HALF JOINTS IN THE
KINGSTON BRIDGE APPROACHES
USING NON-LINEAR ANALYSIS

Dr D Boothman, S Leckie

Scott Wilson Scotland Ltd, 6 Park Circus,
Glasgow G3 6AX
danny.boothman@scottwilson.com
stephen.leckie@scottwilson.com

I MacGregor

Glasgow City Council, Richmond Exchange, 20
Cadogan Street, Glasgow G2 7AD

A Brodie

Transport Scotland, Bridges Section, Victoria
Quay, Edinburgh EH6 6QQ

Keywords: Half joints, Kingston Bridge,
concrete, concrete modelling, non-linear
analysis

The Kingston Bridge in Glasgow carries
trafyc across the River Clyde and is one
of the busiest bridges in Europe. The
approach ramps to the North and South
of the river are formed from concrete box
girders, consisting of alternating reinforced
concrete suspended spans and post-
tensioned concrete table-top spans with
half joints. There were originally a total
of 176 half joints in the Kingston Bridge
Complex, all designed in accordance with
standards current in the late 19606s. A recent
assessment undertaken to more onerous
modern codes indicated that 84 of the half
joints were not code compliant.

In light of this theoretical inadequacy,
and in an attempt to justify a more
favourable assessed joint capacity, a
destructive load test was undertaken on a
typical half joint in part of the Complex
that was being demolished and replaced.
The data obtained from the upper and lower
nibs of the tested half joint demonstrated
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signiycant capacity above that predicted
by the assessment codes.

Non-linear ynite element techniques
were employed to model the load test, and
reproduce the additional capacity observed.
The model was further calibrated using
other published experimental results of
similar half joint tests. Once conydence
in the reliability of the non-linear model
was established, it was used to analyse
critical half joints among the 84 dénon-
compliancesb. This approach was used to
justify an acceptable level of conydence
that the half jointsd actual capacities were
signiycantly greater than that obtained from
the simplified assessment methods and
were sufycient to sustain the assessment
loading.

CONDITION ASSESSMENT OF
CONCRETE BRIDGES DURING
DEMOLITION

Prof T Vogel & R Barg®hr

ETH Zurich, Institute of Structural Engineering,
8093 Zurich, Switzerland
vogel@ibk.baug.ethz.ch

Keywords: Corrosion, ducts, grouting,
post-tensioning, tendons

During the demolition of bridges valuable
information can be gained that would
cause great expense if the structure would
have to maintain its function. Destructive
testing methods can be applied without
restrictions and results of non-destructive
methods can be veriyed. The condition for
structural elements being vital for structural
safety like tendons, joints or bearings can be
assessed without restriction of the covering
concrete.

The research project ZEBRA lasted
from 1997 to 2004 creating a framework
for the condition assessment of bridges to
be demolished, the central collection and
processing of the data and the development
of detailed procedures for registration of the



condition. In addition, the project provided
information about damage and failure
mechanisms as well as new knowledge
for checks of similar objects. The database
ynally contained 89 bridges of which 36
were treated in detail resulting in respective
annexes to the ynal report.

The paper includes a statistical overview
regarding e.g. the types of bridges, ages of
the bridges and reasons for demolition and
especially the main conclusions of the
investigations regarding crucial structural
elements of concrete bridges like tendons,
joints, bearings and foundations.

PRE-CAST MODIFIED BEAM-
IN-SLAB BRIDGE SYSTEM, AN
ALTERNATIVE REPLACEMENT
FOR LOW VOLUME ROADS

TF Konda

HNTB Corporation, 715 Kirk Drive, Kansas
City, MO 64105-1310, USA
tkonda@hntb.com

FW Klaiber & TJ Wipf

lowa State University, Dept of Civil &
Environment Engineering, 422 Town Engineer-
ing Bldg, Ames, IA 50011, USA
klaiber@iastate.edu

TP Schoellen

Black Hawk County Engineer, County
Courthouse Room 211, 316 East 5th Street,
Waterloo, 1A 50703, USA
tschoellen@co.black-hawk.ia.us

Keywords: Field testing of bridges, pre-
cast bridge elements, bridges for low
volume roads

Asameans of extending available resources,
the Black Hawk County Engineerts Ofyce
(BHCEO), Black Hawk County, lowa
has developed a pre-cast bridge system
speciycally for low volume roads (LVRS)
for spans up to approximately 40 ft. The
design, referred to as the Pre-cast Modiyed
Beam-in-Slab Bridge (PMBISB) consists
of pre-cast panels which are fabricated in
the countyés casting yard, transported to the
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bridge site and connected to adjacent panels
with a cast-in-place concrete joint.

The PMBISB design is similar to the
Modiyed Beam-in-Slab Bridge (MBISB)
system previously developed by the lowa
State University Bridge Engineering
Center (ISU BEC). Two deyning features
of the MBISB are the transverse arched
deck and the Alternative Shear Connector
(ASC) which are both incorporated in
the PMBISB. Applying Allowable Stress
Design (ASD) methods, the PMBISB is
designed for local vehicles: yve 20 kip
axles on 4 ft - 3in. centers.

Individual panels consist of three
longitudinal W-sections that are embedded
in a transversely arched concrete deck.
Reinforcement is limited to that required
in the ASC and in the deck for crack
control. All construction is preformed by
county forces with existing equipment. The
PMBISB system costs approximately 80%
of a conventional design.

The ISU BEC load tested the first
PMBISB to determine its service level
performance and the behavior of the
connected panels. Based on these results,
the design has been further reyned and
five additional PMBISBs have been
constructed.
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Many centuries ago, our ancient engineers
were designing and constructing masonry
bridges. Some of these are still in existence



today, such as Le Pont du Gard which has
survived the changes of two millennia,
and are testament to the sustainability of
such structures. The key structural form of
many of these bridges was the arch form,
and more speciycally the masonry blocks or
voussoirs used to create the arch. Brick and
stone were the original materials used for
arch bridges and they have proved to have
a high level of durability. In contrast, many
bridges built of modern materials, such as
steel reinforced concrete, have required
extensive repair after being in service for
arelatively short period of their design life.
As a consequence, many modern bridges
are unable to meet current loading standards
without costly strengthening work. This
paper describes the development of a
pexible concrete arch system that has no
main steel reinforcement, is cast pat but can
be lifted to form an arch without centering.
The arch takes advantage of flexible
polymeric reinforcement to support the self-
weight of the blocks during the temporary
situation of the arch lift. The system
provides a highly durable and cost effective
structure. Preliminary results taken during
the monitoring of backyll operations of a
prototype arch ring are also presented. It
was concluded that the arch ring was stable
under backylling operations.
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The main purpose of this paper is to
present an experimental campaign of
different strategies for the seismic retroyt
of reinforced concrete bridge piers and
evaluating benefits concerning their
structural behaviour under the cyclic
loading.

The setup of the RC pier experimental
tests was specially designed to carry out
bending with axial load, using a horizontal
and a vertical actuator (with a slide device
to allow top displacements of the pier). A
square hollow section RC pier (450 mm
X 450 mm, and 75 mm thick), similar to
another one tested at the laboratory of Pavia
University in Italy, and a rectangular hollow
section RC pier of 450 mm x 900 mm (with
the same thickness) were tested at LESE
- Laboratory of Earthquake and Structural
Engineering at Faculty of Engineering of
University of Porto.

Besides numerical simulations of RC
piers, which are not presented herein, the
aim is to contribute for developing and
calibrating a procedure that enables the



evaluation of the efyciency of the different
retroyt solutions, their possibilities and
yelds of application.
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The precast channel bridge (PCB) is a
short span bridge that was commonly used
on lowabs secondary roads approximately
forty years ago. Each PCB span consists of
eight to ten simply supported precast panels
ranging in length from 5.8m to 11.0m. The
panels resemble a steel channel in cross-
section; the web is oriented horizontally
and forms the roadway deck and the legs
act as shallow beams. Bundled reinforcing
bars in each leg act as the primary pexural
reinforcement.

Many of the approximately 600
PCBs in lowa show signs of signiycant
deterioration. Typical deterioration consists
of spalled concrete cover and corrosion of
the bundled primary reinforcement. The
objective of this research was to access
the structural sufyciency of the deteriorated
PCBs through yeld and laboratory testing.

Four deteriorated PCBs were
instrumented with strain gages to measure
strains in both the concrete and reinforcing
steel and transducers to measure vertical
depections. Response from loaded trucks
was recorded and analyzed. Test results
revealed that all measured strains and
corresponding stresses were well within
acceptable limits. Likewise, measured

21

deflections were much less than the
recommended AASHTO Highway Bridge
Speciycation value.

Laboratory testing consisted of loading
twelve deteriorated panels to failure in a
four point bending arrangement. Although
all panels exhibited signiycant depection
prior to failure, the experimental capacity
of eleven panels exceeded their theoretical
capacity. The experimental capacity of
the twelfth panel, an extremely distressed
panel, was only slightly below its theoretical

capacity.
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The placing of concrete overlays has
gained in importance as a result of the
more frequent need to strengthen existing
structures. In order to obtain monolithic
structures, the shear transfer between the
concrete layers must be guaranteed. The
state of the art connecting procedures
and design method are briepy introduced.
From an analysis of the load-bearing
behaviour of the interface, optimization
criteria concerning the static behaviour of
connectors are derived. Numerical models
which allow to simulate a splitting test and
a shear test have been set up and calibrated.
By simulating various connector geometries
in the splitting test, an optimized shape
could be deyned. Simulation of the shear



test confirmed the improved behaviour
of the new shape compared to traditional
connectors. An analysis of the placing
procedures has shown that the new shape
also offers a clear advantage in terms of
time required for setting the elements.
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Theme 1: Bridges

Day 1:

Steel Bridges + Steel-concrete
Composite Bridges & Cable-stayed Bridges
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