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Summary

The focus of this research was to devel op stress wave NDE techniques for
determination of the in-place properties and strength of timber bridge components.
Current inspection procedures for timber bridges is often an art involving visual
assessments of the degree of decay and mechanical damage and of the extent to
which the deterioration has penetrated into hidden regions of the structure. NDE
techniques utilizing stress waves has successfully been used to improve the
assessment of the integrity of wood structures.

The research results show improved stress wave velocity methods that more
accurately quantify the residual strength of wood members and the timber bridges
themselves. These improved methods have been applied to wood bridges and piles
that had been targeted for replacement. Stress wave evaluations were performed on
the bridges in-place, followed by destructive testing of elements of the bridges and
piles after demolition to verify the NDE conclusions. While the application of the
stress wave methods in this study is for softwood timber bridges, the methods are
applicable to all timber bridges. The ultimate goal of the research isto develop a
comprehensive handbook for bridge inspectors which provides guidelines on the use,
application and interpretation of stress wave methodology for locating and defining
areas of deterioration in timber bridges. This presentation discusses the theory of
stress wave technology, user guidelines for equipment use, interpretive procedures,
and procedural guidelines for assigning design values to in-place bridge components
and for ng in-place capacity.

Introduction

It has been estimated by the Federal Highway Administration for the United
States that as much as 41% of the nation's bridges are either structurally deficient or
in need of repair (Tarricone, 1990). There have been several recent instances of
catastrophic collapse and loss of life attributable to deterioration in bridges (Scalzi,
1990). Repair, retrofit, rehabilitation or replacement of severely deteriorated
elements of the infrastructure is essential to preserve public safety. A key element in
implementing these efforts to improve the infrastructure is the ability to accurately
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evaluate the material properties, degree of deterioration, and remaining life of
structural systems.

Current methods of assessing the safety of structures typically rely heavily on
visual inspection processes. Based largely on experience and judgment, an engineer
will subjectively determine the degree of deterioration and remaining life of a
structure. Destructive testing of samples taken from the structure (e.g. coring) will
sometimes al so be performed to assist in this assessment. Nondestructive evaluation
(NDE) methods would clearly assist in evaluating the deterioration and integrity of
structures. While many NDE techniques are available for metals, very few methods
are available for application to the non-metal materials typically present in structures,
such as wood, and concrete. Further, the few NDE methods that are used for
structures are typically used on a comparative basis and the results are often
unreliable. It is essential that quantitative NDE methods capable of being performed
in the field on aroutine inspection basis be devel oped to accurately assess the safety
of structures.

The focus of this research is to develop NDE techniques for determination of
the in-place properties and strength of wood in a bridge, both above and bel ow
ground. Current inspection procedures for timber structures is often an art involving
visual assessments of the degree of decay and mechanical damage and of the extent
to which the deterioration has penetrated into hidden regions of the structure. NDE
techniques utilizing monitoring of stress waves has successfully been used to
improve the assessment of the integrity of wood structures. This approach has been
employed to inspect wood buildings (Hoyle and Pellerin, 1978), wood piers (Ross
and Pellerin, 1991), and the world's largest laminated beam structure - TRESTLE
(Brown, 1985; Neal, 1985).

This research quantitatively relates stress wave parameters, such as wave
velocity and attenuation, to the residual strength of wood bridge members. The
stress wave NDE method has been applied to wood bridges and piles that have been
targeted for replacement. The nondestructive evaluations are performed on the
bridges in-place, followed by destructive testing of elements of the bridges and piles
after demolition to verify the NDE conclusions. While the application of the NDE
methods in this study is for bridges, the methods will be generally applicable to
wood structures. The ultimate goal of the research isto develop practical techniques
for the quantitative NDE of wood structures and to develop a comprehensive
handbook for bridge inspectors that provides guidelines on the use, application and
interpretation of stress wave methodology for locating and defining areas of
deterioration in timber bridges. Particular attention will be given to presenting the
theory of stress wave technology describing the necessary instrumentation, defining
practical procedures, and preparing interpretation guidelines for the quantitative
NDE of timber bridges by inspection personnel.

Backaground

Considerable research activity has focused on development of techniques to
measure stress wave attenuation in wood products (Ross and Pellerin, 1991). The
interest in attenuation is because stress wave speed aone is not sufficient to detect
different wood degradation with equal sensitivity, as demonstrated by Pellerin et al.
(1985). In clear wood degraded under controlled laboratory conditions, stress wave
speed parallel to the wood grain was affected by brown rot decay, but not by
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subterranean termites which attacked only a specific portion of the wood (i.e., the
early wood) in the test beams.

There is extensive literature on the use of stress wave velocity and
attenuation for the measuring of elastic properties of wood. Thisis documented in
the reviews by Kaiserlik (1978) and Ross and Pellerin (1991). A main conclusion
reached as aresult of this extensive research is that the extent of wood decay
correlates to the modulus of elasticity. Numerous applications of stress wave NDE
methods for the in-place NDE of wood structures are summarized by Ross and
Pellerin (1991), including applications to wood buildings, stadiums, piers, bridges,
utility poles, and cooling towers.

Simple mechanical NDE techniques have also been used for the in-place
inspection of wood members in structures (Ross and Pellerin, 1991). For example,
sounding-, pick-, or probing-type tests are used by inspectors of wood structures to
indicate the condition of a structural member. The underlying premise for the use of
such testsis that degraded wood is relatively soft and will have alow resistance to
probe penetration. A quantitative test based on this premise was devel oped by
Talbott (1982). Talbott examined withdrawal resistance of athreaded probe, similar
to awood screw, inserted into a member, which could be correlated to the residual
strength of the wood member.

Based on the extensive literature review performed by Ross and Pellerin
(1991), the following conclusions on the state-of -the-art NDE techniques for
ng wood structures were reached:

1 Laboratory investigations have established rel ationships between
NDE parameters and the performance of wood members, and the
relationships have been verified using a wide range of wood-based materials
and a variety of NDE techniques.

2. Laboratory studies of the predictive relationships for biologically degraded
wood typical of that actually found in structures have been limited in regards
to both the NDE evaluation techniques employed and the biological agents of
deterioration studied.

3. In-place assessment efforts have focused primarily on adaptations of stress-
wave NDE techniques. These techniques have shown considerable promise,
arerelatively easy to use, and have low equipment costs. However, the
application of stress wave NDE techniques to complicated structures and the
effect of structure boundary conditions has not been adequately addressed.
Further, little information exists on the relationship between excitation
system characteristics and wave behavior.

experimental Procedure

Before beginning the NDE of a bridge, base wave transit times to he expected
depending on the member dimensions are determined. A threshold velocity for rot
of 635 meters/second is used to establish the transit times. After aquick visual
inspection of the timber structure, its members are initially marked at a set interval
which is usually 600 mm. The marks are started as close as possible to a member
end. NDE of the membersis done at the marks vertically through the centerline and
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horizontally at the top, center, and bottom. If an anomaly is found, sample spacing is
densified to 300 mm intervals and 50 mm o.c. vertically and horizontally. In glulam
members each lamination is sampled. This close space sampling is continued until
the readings again indicate sound timber.

To verify the stress wave vel ocity information, increment cores of the timber
may be taken at one sound location as well as those locations that stress wave
velocity readings indicate are unsound. The increment core data, stress wave
velocity data, and moisture contents are transferred to a scale drawing which can
then be used in cal culating the remaining strengths of the structure and determination
of the extent and cost of repairs required.
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