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Abstract

The research presented in this report was conducted to eval-
uate the accuracy and reliability of a commercially avail-
able micro-drilling resistance device, the IML RESI F300-S
(Instrument Mechanic Labor, Inc., Kennesaw, Georgia), in
locating deteriorated areas in timber bridge members. The
device records drilling resistance as a function of drilling
depth, which allows the operator to assess the location of
deterioration in the member cross section. Bridge compo-
nents containing different levels of natural decay were used
as test specimens in this study. The IML RESI F300-S was
first used to assess decay in the timber bridge specimens.
The specimens were then sawn along their length into slabs
to expose their interior condition. The interior faces of these
slabs were inspected visually and with a stress-wave probe
to confirm if deterioration was present. On the basis of these
tests, we conclude that this micro-drilling device accurately
determines if deterioration is present at the point at which
the test is performed.
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Introduction

Wood deterioration is one of the most common damage
mechanisms in timber bridge structures and often inflicts
damage internally. This may occur without visible signs
appearing on the surface until a member’s load-bearing
capacity has been largely destroyed. Determining an
appropriate load rating for an existing timber bridge and
making rational rehabilitation, repair, or replacement
decisions can be achieved only when a reliable and accurate
assessment of its existing condition is made. Knowledge of
the condition of the bridge can lead to savings in repair and
replacement costs by minimizing labor and materials and
extending its life.

In timber bridge structures, the degradation of a load-
bearing (in-service) member may be caused by any one of
several organisms that derive their nourishment or shelter
from the wood substrate in which they live. For example,
several types of fungi attack wood. The hyphae of these
fungi secrete enzymes that depolymerize the chemical
components of wood, thereby reducing the density, strength,
and hardness of a member. This results in a significant
reduction in load-carrying capacity, which in turn may result
in the member’s failure.

We recently prepared a comprehensive manual on the
inspection of wood structural elements, Wood and Timber
Condition Assessment Manual (Ross and others 2004).
This manual was prepared at the request of the American
Forest and Paper Association to assist field engineers and
other inspection professionals. It includes chapters on visual
inspection techniques, ultrasound or stress-wave-based
inspection tools, and probing-type techniques. A chapter on
post-fire inspection and assessment is included in addition
to a sample inspection report and summaries from several
inspections. Detailed descriptions of the various available
tools, guidelines on their use, and interpretation of data
obtained from them are included.

As a consequence of our experience with various types of
inspection methods and equipment, the Federal Highway
Administration asked us to conduct a rigorous evaluation
of the performance of several commercially available tools
used to assess the condition of in-service wood. The results
of that effort are summarized in a comprehensive report
available through the University of Minnesota-

Duluth (Brashaw and others 2004). We prepared the follow-
ing condensed report as a field guide for engineers from the
information generated in the 2004 study. This report focuses
solely on our evaluation of a widely used micro-drilling
device.

Objective

The objective of this study was to evaluate a micro-drilling
device, the IML RESI F300-S (Instrument Mechanic
Labor, Inc., Kennesaw, Georgia), to determine if it was an
accurate and reliable inspection tool for detecting internal
deterioration in timber bridge components. This was
accomplished by testing several timber bridge components
obtained from various in-service structures.

Materials

The primary materials used for this project were bridge
timbers containing different levels of natural decay. These
timbers were obtained from several sources and had been
removed from service for various reasons. Timber bridge
girders, pilings, decking material, and railing components
were obtained from the Chequamegon—Nicolet National
Forest in northern Wisconsin. The materials had been
remaining after construction of new bridges or had been
removed from service.
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Figure 1—Stages of this study

In addition, timber bridge girders, decking, and railing
components were obtained from the Oliver Bridge, a
combination motor-vehicle-and-railroad timber and

steel bridge between Duluth, Minnesota, and Superior,
Wisconsin. This bridge was being rebuilt by the owner, the
Duluth and Missabe National Railroad. Additional materials
were obtained from Michigan Technological University,
Duluth Timber Recycling Company (Duluth, Minnesota),
and Minnesota Power. Thirty-six timber specimens were
evaluated with the IML RESI F300-S; 26 were sawn timbers
and 10 were round timber piles. The sawn timbers varied in
size from 3 by 12 in. (76 by 305 mm) to 20 by 20 in.

(508 by 508 mm) and were up to 99 in. (251 cm) long. The
round timber piles were 9 to 18.75 in. (229 to 476 mm) in
diameter and up to 143 in. (363 cm) long. Thirty (83%)

of the timber specimens were Douglas-fir species. Other
species included western redcedar (four specimens) and
northern white pine (two specimens). Nearly all timber
specimens were creosote treated.
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Figure 2—IML RESI F300-S in use.

Methods

This study was accomplished in several stages (Fig. 1).
Several types of data were collected on the timber
specimens in their original (unsawn) condition. First, the
timber specimens were tested to determine moisture content
and wood species. Second, the bridge timbers were visually
inspected to locate deteriorated areas. Last, micro-

drilling resistance measurements were collected from each
of the timber bridge specimens.

After the timber specimens were sawn along their length
into slabs that exposed their interior condition, additional
data were collected. The sawn components obtained
from the specimens were inspected visually and with a
probe to assess the extent and locations of decay or other
degradation. We also documented the sawn components
with photographs.

Data from each timber bridge specimen were analyzed

to determine the effectiveness of the resistance drill for
locating degraded or decayed material. Graphs of the
data were prepared and used to develop indices of decay.
These two data sets were then compared to determine the
effectiveness of the resistance drill to detect deterioration.
Each specimen’s resistance chart was captured
electronically by the equipment and was accompanied
by a photograph of the specimen after being cut apart.
This photograph shows the representative quality of the
specimen regarding its level of decay.

Measurement Measurement locations from end of specimen (in.)
line 3 6 12 24 36 48
A—» + + + + + +
B—» + + + + + +
C—» + + + + + +

Figure 3—Typical micro-drilling locations used for each timber bridge specimen.
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Description of Micro-Drilling Resistance Tool

The IML RESI F300-S micro-drilling device was used in
this study to assess decay in the timber specimens (Fig. 2).
The IML RESI F300-S performance is based on a micro-
drilling resistance measuring method. A steel drilling bit
12 in. (305 mm) long with a diameter of 0.06 to 0.12 in.
(1.5 mm to 3.0 mm) penetrates the wooden structure at a
uniform speed while drilling resistance is measured. The
measured resistance data (recorded on a relative 0—100%
scale) is recorded on a wax paper strip at a scale of 1:1,
printed, or captured electronically for downloading to a
personal computer. The small-diameter drilling bit results in
minimal damage to bridge components.

Additional information on the manufacturer, specifications,
and testing procedures of micro-drilling resistance tools,
including the IML RESI F300-S, is provided in the
Appendix.

Figure 4—Portable band saw cutting timbers
lengthwise along measurement lines.

[ i
__Measurement line A

Measurement line B

Data Collection on Specimens With
Micro-Drilling Resistance Device

Because the timber specimens were of various cross
sections and length, similar data collection procedures

were used for all timber specimens. Figure 3 illustrates the
standard data-point grid where micro-drilling measurements
were obtained. Measurements were taken along its length
with up to three lines on the side surfaces, depending on the
size of a specimen, with A, the upper line; B, the middle
line; and C, the lower line.

Some of the specimens had only one or two lines of
measurements. The longitudinal measurement points started
3 in. (76 mm) from the end with various intervals, from

3 in. (76 mm) for the first, to 6 in. (152 mm) for the second,
and then remained constant at 12 in. (305 mm) along the
remainder of the timber specimen. A minimum of one and

a maximum of four micro-drilling measurements were
collected from each timber specimen. Each specimen’s
resistance chart was captured electronically and further
analyzed with the IML software.

Data Collection on Sawn Components With
Visual and Stress-Wave Methods

Following the micro-drilling testing, each specimen was cut
into slices using a portable band saw (Fig. 4). Each timber
was cut along the measurement lines A, B, and C. Each
section was then laid out so that interior faces could be
visually assessed and documented with digital photographs.
In addition, each sawn piece was evaluated using a
stress-wave probe to determine the presence and extent of
internal decay, checks, and splits.

Figure 5 demonstrates how the samples were typically laid
out for visual assessment and documentation. The top board
corresponds with data collected along measurement line A.
The bottom board corresponds with data collected along
measurement line B.

Figure 5—Typical sawn timber specimen layout for photographic documentation.



Results and Discussion

Each specimen’s resistance chart was captured electronically
by the equipment and was accompanied by photographs

of the cut-open specimen. Test results for all 36 specimens
tested with the IML RESI F300-S micro-drilling device

are reported in Brashaw and others (2004). Results are
presented from three representative specimens, one each
having severe, localized, and no deterioration.

Figure 6 illustrates typical results obtained from a test
specimen that was severely deteriorated. Resistance plot
data collected at the 4-in. (10.2-cm) drilling location along
measurement line B shows severe deterioration for the first
6.5-in. (16.5-cm) drilling depth and has been marked with
red bars at the top and bottom. Figure 7 illustrates typical
results obtained from a test specimen that was moderately
deteriorated. Resistance plot data collected at the 12-in.
(30.5-cm) drilling location along measurement line B shows
the effects of an internal check at nearly 6-in. (16.5-cm)
drilling depth and has been marked with red bars at the top
and bottom. Also, resistance plot data collected at the 24-in.
(61-cm) drilling location along measurement line B shows
moderate deterioration from 6.5-in. (16.5-cm) to 9.5-in.
(24.1-cm) drilling depth and has been marked with red bars
at the top and bottom. In contrast, Figure 8 illustrates typical
results obtained from a test specimen that was sound wood,
with no deterioration. An overall analysis of data from all 36
timber specimens led to the development indices of decay
for the test specimens, as follows:

Drilling resistance  Deterioration index

25-100% Sound wood
10-25% Moderate
0-10% Severe

These indices are applicable only to Douglas-fir species,
which represent nearly 85% of the specimens tested. Stress-
wave testing results from this study will be reported in a
companion report (Brashaw and others 2005).

Summary and Conclusions

Thirty-six timber bridge specimens containing different
levels of natural decay were evaluated with a commercially
available micro-drilling device to detect internal decay or
defects. The specimens were then sawn along their lengths
into slabs to expose their interior condition. The interior
faces of these slabs were inspected visually and with a
stress-wave probe to confirm the presence of deterioration.
Data from each timber bridge specimen were analyzed

to determine the effectiveness of the resistance drill for
locating degraded or decayed material. Graphs of the data
were prepared and used to develop indices of decay. The
sawn components obtained from the specimens were
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inspected visually and with a probe to assess the extent and
locations of the decay or other degradation. These two data
sets were then compared to determine the effectiveness of
the resistance drill to detect deterioration.

Based on our tests, we offer the following comments about
the accuracy of using the IML RESI F300-S for locating
deterioration in bridge timbers:

1. The tool is accurate at determining the presence of
decay in timber bridge specimens. However, these data
are limited to the drilling location.

2. The tool can precisely locate an internal defect (decay
pocket, check, or split) within the member’s cross
section. This can be advantageous for condition
assessment and load rating purposes.

3. Decay indices were developed for Douglas-fir timbers
as follows: sound, >25% resistance; moderate decay,
10-25%; and advanced or severe decay, 0—10%.

One drawback is that multiple, time-consuming drilling
would be required to map the area and extent of the decay in
the other plane. Another possible drawback is the potential
to spread the decay to sound areas within a timber or to
sound timbers by multiple use of a contaminated drill bit.
Routine cleaning of drill bits, or replacement with a new
one, would greatly reduce this potential drawback.

It is crucial to use this or any nondestructive testing tool or
device as part of a comprehensive condition assessment.
Such an assessment should incorporate an in-depth visual
inspection, knowledge of prior use of the structure, and a
working knowledge of fundamental engineering properties
of structural wood products. This technique, when used

in concert with visual and ultrasound techniques, would
provide a very accurate description of the condition of
timbers.
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Specimen no. 2-11-03-3 Preservative Creosote
Species Douglas-fir Size 7.5by 7.5 by 52in. (19.1 cm by 19.1 cm by 132.1 cm)
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Figure 6—Comparison of resistance micro-drilling plots and interior photographs of bridge timber
2-11-03-3 reveals an example of severe deterioration. (Dashed lines denote drilling lines. Red bars
at top and bottom of plots denote deterioration zones.)
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Specimen no. 1-14-03-2 Preservative None Moisture content at centerline 25.6%
Species Douglas-fir Size 12 by 16 by 40 in. (30.5 cm by 30.5 cm by 101.6 cm)
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Figure 7—Comparison of resistance micro-drilling plots and interior photographs of bridge timber
1-14-03-2 reveals an example of deteriorated zones and sound wood zones. (Dashed lines denote
drilling lines. Red bars at top and bottom of plots denote deterioration zones.)
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Specimen no. 03-05-03-4 Preservative Unknown Moisture content at centerline 28.6%
Species Douglas-fir Size 3.25 by 11.5 by 95.5 in. (8.3 cm by 29.2 cm by 242.6 cm)
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The relative resistance plot above was drilled 12 in. (31 cm) from the left end along measurement line A.
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The relative resistance plot above was drilled 84 in. (213 cm) from the left end along

measurement line A.

Figure 8—Comparison of resistance micro-drilling plots and interior photographs of bridge timber
03-05-03-4 reveals an example of sound wood. (Dashed lines denote drilling lines.).



Appendix—Additional Information
on the IML RESI F300-S Micro-
Drilling Resistance Tool

Manufacturer
Instrument Mechanic Labor (IML), Inc.

Specifications

Power requirements: 7.2-V rechargeable battery
Resolution: 0.004 in. (0.1 mm )

Dimension: 4 by 12 by 16 in. (102 by 305 by 406 mm)
Weight: 8.5 b (3.86 kg) (instrument only)

Drilling depth: 11.2 in. (28.4 cm)

Advance speed: 0-55 cm/min (0-22 in./min)

General Procedures
1. Insert the battery pack into the main drill unit.

2. Adjuct the sensitivity range on the rear of the instrument
by firmly pressing and turning the setting wheel. Use #1
for softwoods and #2 for hardwoods.

3. Install the wax paper strip. Open the cover and take the
paper strip and bend it to match the curve of the slot.

Slide the paper in and lift the stylus to enable the paper to

slide forward. Push the paper all the way forward and
close the cover.

4. Hold the unit tight against the specimen to be examined

and switch on the drill, making sure to hold the unit tight

against the specimen. When the drill bit goes all the way
through or reaches maximum depth, stop and reverse the
drill and back the bit out.

5. Mark sample identification on the paper and continue
measurements along the specimen.
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Comments on Ease of Use

The operator can learn to use this equipment in less than
one day. The operator’s manual and manufacturer’s web
site provides good information on use of the equipment
and interpretation of the testing results.

The unit can be purchased with a module that allows
downloading to F Tools Pro software, an excellent tool
for manipulating the drilling data and producing data that
are easy to understand and interpret.

The data are easily interpreted and provide real-time
ability to evaluate the complete cross section at the
drilling location.

The unit is portable but heavy. A shoulder strap aids in
carrying the drill.

Other Suppliers of Micro-Drilling Resistance
Drilling Tools

United States
Tree Solutions, Seattle, Washington

Europe

SIBTEC Scientific, DmP (Digital microProbe) (United
Kingdom)

Resistograph™, Frank Rinn, Heidelberg, Germany.








