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Summary

During 1998-99, as part of the Association of American Railroad’s Bridge
Life Extension Program, the Transportation Technology Center, Inc. in col-
laboration with Texas A&M University conducted fatigue tests on 21 new
8"x16"x15" solid-sawn, creosote-treated, southern-pine railroad bridge
stringers. The visual grading of the stringers varied from select structural to
below No. 3 with mgjority being No. 2 dense. These tests were performed
to generate fatigue data for use in assessing the effects of heavy axle loads
on the performance and reliability of existing bridges with southern pine
stringers. The test results indicate that the minimal horizontal shear stress-
es at failure are considerably higher than the currently specified allowable
horizontal shear stress values in the AREMA manual for southern pine
specie. Therefore, railroads may want to consider higher values of hori-
zontal shear values in rating existing bridges to redlize additiona load
capacity. More specificaly, the following observations were made.

» The smallest mid-depth monotonic shear stress at failure was 231
psi and the smallest mid-depth pulsating shear stress that caused
failure of a stringer was 165 psi.

» The pulsating load caused incrementa growth of pre-existing
checks to form shakes and ultimately a mid-depth horizontal shear
failure.

» The moisture content and the visual grading had little correlation

with the shear strength of the stringers.

Theresults of these tests are being used to develop amodel for assess-
ing the remaining fatigue life of stringers and to investigate the economic
impact of the operation of heavy axle loads on the existing timber railroad
bridges.

* Texas A&M University, College Station, Texas

Work performed by rechnsioss Gonter, me.
a subsidiary of the Association of American Railroads
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INTRODUCTION AND RESULTS

Degspite the current trend of replacing timber bridges
with stedl or concrete structures, timber bridges still
comprise about one-third the bridge inventory of Class
1 railroads. On average, they are more than 40 years
old, and are now being subjected to heavy axle loads
although in some cases not as heavy as steam locomo-
tive axle loads in the past. Astheir replacement is grad-
ual, various measures are being employed to extend
their useful service lives.

Although caps and/or pile can aso determine load
capacity of a timber railroad bridge, stringers are the
main elements that carry bending loads. They are
placed side by side in two or more element chords
beneath each rail. Exhibit 1 shows timber bridge
stringers. Field observations are indicating that some
timber stringers are starting to show signs of distress
under heavy axle load operations.1

During 1998-1999, the Association of American
Railroads, in collaboration with Texas A&M
University, tested 21 8"x16"x15' long, solid-sawn, cre-
osote-treated, southern-pine railroad bridge stringersin
four-point bending. The purpose of the study was to
generate fatigue data for use in assessing the effects of
heavy axle loads on the performance and reliability of
existing bridges with southern pine stringers. Results
will be used to make estimates of remaining service
life, to guide field inspections, to determine the eco-
nomics of stringer life extension techniques, and to
determine the increase in maintenance cost of operating
heavy axle load traffic on a given route segment. The
results of the tests are summarized as follows:

e Thirteen of the 16 fatigue testsresulted in fail-
ure of specimens. (The word “failure” as used
in this article does not imply that the stringer
had no remaining strength or that, as part of a
bridge structure, it would have rendered the
bridge unsafe). Three fatigue specimens failed
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Exhibit 1. Timber Bridge Stringers
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during the first loading cycle before reaching
the target fatigue load. The three remaining
fatigue tests were terminated after the
stringers survived 30,000,000 cycles of load-
ing. Thus, 18 of the 21 tests resulted in speci-
men failures — eight monotonic failures and
10 fatigue failures.

e All eight monotonic failures were horizontal
shear ruptures at mid-depth in a shear span.
The smallest mid-depth monotonic shear
stress at failure was 231 psi.

e All 10 stringers that failed under pulsating
load failed in horizontal shear.

e The smallest mid-depth monotonic shear
stress at failure was 231 psi and the smallest
mid-depth pulsating shear stress that caused
failure of a stringer was 165 psi. Both values
are greater than the currently specified allow-
able stress values in the the AREMA manual
for southern pines. Therefore, railroads may
want to consider higher values of shear stress
for rating existing bridges for additional load
capacity.

e The moisture contents among all specimens
ranged between alow of 16 percent and ahigh
of 40 percent. The monotonic and fatigue test
results indicated no correlation between shear
strength and moisture content.

e The visua grades among all specimens, as
determined by the Southern Pine Inspection
Bureau (SPIB), ranged between No. 3 and
Select Structural. The monotonic and fatigue
test results indicated negligible correlation
between shear strength and visual grade.

e The pulsating load caused incremental growth
of pre-existing checks to form shakes and ulti-
mately a mid-depth horizontal shear failure.
Two or three dominant pre-existing checks,
i.e., long and/or deep checks, at mid-depth of
a stringer appeared to be more deleterious
than numerous short, shallow checks distrib-
uted uniformly on all faces of a stringer.

TEST PROCEDURES

The stringer specimens used were new in that they had
never been subjected to any loads in a bridge structure.
Each stringer specimen was numbered, graded visually
by a SPIB inspector, measured, and weighed. The
visual grading of the stringers varied from select struc-
tural to below No. 3 with majority being No. 2 dense.
The moisture content, average cross-sectional area,
moment of inertia, section modulus, volume, and den-
sity were determined for each specimen. A longitudinal

TTCI = Transportation Technology Center, Inc.; AAR = Association of American Railroads
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stress-wave anadysis was used to determine an estimate of
the elagtic stiffness of each specimen. Based upon an
empirical correlation between wood strength properties
and wood Htiffness, the dynamic stiffness data was used
to divide the population of 21 stringers into two sample
groupsof similar strength distribution: agroup of fiveand
agroup of 16. These groups were formed by atrial-and-
error process, whereby the mean stiffness and standard
deviation of tiffnesswere matched as closely as possible
among the two groups and the original population. The
five-specimen group was tested statically to failure to
establish the strength distribution of the population. The
remaining 16 specimens were tested in fatigue.
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Exhibit 2. Loading Frame Used for Fatigue Tests
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A two-levd loading frame was designed and fabri-
cated to alow four stringers to be tested simultaneously
at amaximum loading frequency of 3 Hz. The framewas
adjustable for specimens with spans of 12 to 15 fesdt,
widths up to 9 inches, and depths up to 20 inches. The
frame consisted of two subassemblies with identical
dimensions and capacitieswith an ultimate design |oad of
110 kips. Test specimens were supported smply and sub-
jected to four-point bending. Exhibit 2 shows the loading
frame used for fatigue tests.

TEST RESULTS

The results of the tests are presented as Exhibits 3
through 6. Thirteen of the 16 attempted fatigue tests
resulted in failure of a specimen. Three fatigue speci-
mens, however, failed during the first loading cycle
before reaching the target fatigue load. Two of these
werevisually graded as No. 2 dense and oneas No. 3and
two of them had pretest cracks. The three remaining
fatigue tests were terminated after the stringers survived
30,000,000 cycles of loading. Thus, 18 of the 21 tests
resulted in specimen failures: 8 monotonic failures and
10fatiguefailures. All eight monotonic failureswere hor-
izontal shear ruptures at mid-depth in a shear span. The
smallest mid-depth monotonic shear stress at failure was
231 psi. The average monotonic shear strength of the

TECHNOLOGY DIGEST — November 2000

stringers was 340 psi + 73 psi. All 10 stringers that failed
under pulsating load failed in horizontal shear. The small-
est mid-depth pulsating shear stress that caused failure of
astringer was 165 psi. Coincidentally, 165 psi is also the
value of the horizontal shear stress being recommended
by the Southern Pine Inspection Bureau Supplement
No.1, effective January 1, 2000, for different grades of
southern pine (2.5" and thicker) with moisture content
over 19 percent (the SPIB valueis based on testson small
Size clear wood specimens). This suggests that the allow-
able horizontal shear stressvalue should becloserto  this
value.

Observations during the fatigue tests suggest that
pulsating load causes incremental growth of pre-existing
checks to form shakes and ultimately a mid-depth hori-
zontd shear failure. Two or three dominant pre-existing
checks; i.e., long and/or deep checks, at mid-depth of a
stringer appeared to be more deleterious than several
short, shallow checks distributed uniformly on all faces of
agtringer.

Exhibit 3isaplot of pulsating shear stress amplitude
versus pulsating load cycles. This includes data from
these and previous tests. Both axes of the plot are drawn
to alogarithmic scale. A mean regression line was deter-
mined through a least-squares-fit procedure whereby the
error of estimating stress was minimized for observed
cycles to failure; run-out (tests that are stopped before
specimen fails) was not included in the regression calcu-
lations. The equation of the mean regression line for pul-
sating shear stress amplitude on cyclesto failureis given

& At,, = 323N 2 = (.52

Substantial variability in timber fatigue strength is readi-
ly observed in this plot. The equation of the 95 percent
lower confidence limit for pulsating shear stress ampli-
tude on cyclesto failure is given as.

At,, = 228N

Exhibit 4 isaplot of pulsating load cycles versus pul sat-
ing shear stress amplitude. Both axes of the plot are
drawn to alogarithmic scale.

The equation of the mean regression line for cycles
to failure on pulsating shear stress amplitudeis given as.

Ny, = 6.31 x 10” A775%; ¢ = 0.52

A regression line was determined similar to one for
Exhibit 3. Theline indicated in this plot is appropriate
for use in fatigue analyses where damage accumulation
rules, such as Miner'srule, are employed to compute
service life under variable amplitude loading conditions.

Exhibit 5 is a plot of fatigue strength ratio versus
moisture content. Here the fatigue strength ratio is
defined as the ratio of observed shear strength to mean
regression shear strength at observed cycles to failure.
The moisture contents among the 21 specimens ranged

TTC = Transportation Technology Center; FAST = Facility for Accelerated Service Testing
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Exhibit 3. Plot of Pulsating Shear Stress Amplitude
Versus Pulsating Load Cycles

Exhibit 4. Plot of Pulsating Load Cycles Versus
Pulsating Shear Stress Amplitude
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Exhibit 5. Plot of Fatigue Strength Ratio Versus
Moisture Content

between alow of 16 percent and a high of 40 percent.
As indicated, the monotonic and fatigue test results
indicate nearly zero correlation, r2 = 0.00, between
shear strength and moisture content.

Exhibit 6 is a plot of fatigue strength ratio versus
visual grade. Here the fatigue strength ratio is defined
as the ratio of observed shear strength to mean regres-
sion shear strength at observed cycles to failure. The
visual grades among the 21 specimens, as determined
by a certified SPIB inspector, ranged between No. 3
and Select Structural. As indicated in Exhibit 8, negli-
gible correlation exists, r2 = 0.1, between shear strength
and visual grade.

Exhibit 6. Plot of Fatigue Strength Ratio Versus
Visual Grade

ACKNOWLEDGMENT

Authors thankfully acknowledge Messrs: C.T. Goewey
and W. Benton of Norfolk Southern Corporation for the
donation of the southern pine stringers for the tests.

REFERENCES

1. Uppal, A. S, and Otter, D.E. (1998).
“Methodologies for Strengthening and Extending
Life of Timber Railroad Bridges,” Association of
American Railroads, Transportation Technology
Center, Research Report No. R-922, Pueblo, CO.

Please contact Shakoor Uppal at (719) 584-0749 with questions or
comments about this document.

E-mail: shakoor_uppal@ttci.aar.com

Web site:www.ttci.aar.com

©2000, Transportation Technology Center, Inc., a subsidiary of the Association of American Railroads

Disclaimer: Preliminary results in this document are disseminated by the AAR/TTCI for information purposes only and are given to, and are accept-
ed by, the recipient at the recipient’s sole risk. The AAR/TTCI makes no representations or warranties, either express or implied, with respect to this
document or its contents. The AAR/TTCI assumes no liability to anyone for special, collateral, exemplary, indirect, incidental, consequential or any
other kind of damage resulting from the use or application of this document or its content. Any attempt to apply the information contained in this doc-
ument is done at the recipient’s own risk.

A MORE DETAILED REPORT, WHICH MAY CONTAIN REVISED INFORMATION, MAY BE AVAILABLE AT A LATER DATE THROUGH AAR/TTCI,
PUBLICATIONS, P.O. Box 79780, BALTIMORE, MD, 21279-0780.










