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APPENDIX A.  TIRE BALE APPLICATIONS FOR CIVIL ENGINEERING PROJECTS

Although the use of tire bales in civil engineering applications has been relatively limited to date,
they have been used in some other applications.  For example, tire bales have been extensively used
as wind breaks for livestock on farms.  In such applications, tire bales are generally stacked to the
desired height, usually 1.2 m to 1.8 m (4 to 6 ft), and are not treated with any particular facing or
reinforcing material.  Tire bales are frequently used in a similar manner to construct non-structural
walls.

The use of tire bales for erosion control has offered good results.  However, little published
information has been reported on the design criteria for such application. A large project in which tire
bales were implemented as erosion control is the restoration project along Lake Carlsbad in New
Mexico.  A 1,220 m (4000 ft) long section of the shoreline was protected against erosion by the use
of tire bales.  The bales were laid in a wet concrete leveling pad, and then covered in shotcrete.
Backfill material was then placed behind and on top of the treated bales, upon which a pedestrian
sidewalk was ultimately constructed.  According to reports based on visual inspections of the project,
the tire bales have performed extremely well, and plans for use of tire bales in future erosion-control
projects along the lake are being undertaken.  A view of the tire bales during the construction process
is shown in Figure A1.

Another civil engineering application in which tire bales have been used is for the construction of
earth dams.  For example, tire bales were used as lightweight fill on both the upper and lower sides of
the clay-core dam in Mountain Home, Arkansas (Biocycle, 2001).  Tire bales were placed in lifts one
bale deep; each lift was covered with compacted clay and granular soil.  When the desired height was
reached, the tire bales were ultimately capped with a layer of compacted soil.  Initial reports based on
visual inspections of the dam indicate that the bales are performing extremely well.

Figure A1.  Tire Bales as Erosion Control
(during construction)
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APPENDIX B.  CASE STUDIES OF TIRE BALE APPLICATIONS FOR TRANSPORTATION
PROJECTS

CASE STUDY 1: SLOPE REPAIR TEXAS

Tire bales have been reportedly used for remediation of a slope failure in Texas (Richard
Williammee, 2002, email communication).  Specifications for tire bale embankments are currently
under development by the Texas Department of Transportation (See Appendix D).  Construction
recommendations include placement of a 12 in granular base drainage layer at the bottom of the
embankment before placing the tire bales as shown on the typical sections.  The granular base layer
should be extended sufficiently to allow water to freely drain away from the embankment structure.
The specifications also called for embankment construction to minimize infiltration of water and air
into the tire bale fill.  Use of restraining straps in the longitudinal direction of the roadway is
recommended.  In addition, the proposed specifications require placement of an 8 inch compacted
soil layer between each tire bale layer.  Use a soil with a PI less than 35 is required to provide a
cushioning layer between successive layers of tire bales.  Use of a geomembrane is required over the
final layer of the tire bales in order to provide longterm durability to the embankment.  Finally, an 18
inch minimum thick mineral soil layer free of organic matter should be placed on the side slopes.

CASE STUDY 2: CONDIN ROAD, CHAUTAUQUA COUNTY, NEW
YORK

Condin Road, located in Chautauqua County, NY was originally constructed over wet clay soils in
the late 1800s.  Ever since, the gravel road has experienced significant problems associated to
freeze/thaw cycles each winter.  In addition, growing concerns have been reported in Chautauqua
County regarding the size of stockpiles of scrap tires.  Specifically, many illegal tire dumps within
the county had posed a threat to the environment as well as health related problems to the local
population.  Consequently, action was then taken by the county to use scrap tires productively.
Specifically, a research development and demonstration project was permitted by the New York State
Division of Environmental Conservation in which tire bales were to be used as replacement sub-
grade fill for a portion of the road in 1999 (Scrap Tire News, 2002).  A Beneficial Use Determination
was issued by the New York DEP in January 2003 (See Appendix 8.5).

The project involved the excavation of 1000 feet of the existing road subgrade, and replacing it with
tire bales.  After the excavation, a nonwoven geotextile was placed over the in-situ soil.  On top of
this geotextile, tire bales were placed in a brick-like fashion to form the core of the roadbed structure.
Voids within the tire bales were filled with coarse sand, which was compacted using traditional
methods (a vibratory roller was used).  Finally, three 6-inch gravel lifts were placed on top of the tire
bales, with each lift compacted also using vibratory methods.  A view of the construction process is
shown in Figure B1.

After the first winter following completion of construction of the test section of the road, the results
indicated that the test section performed much better than the rest of the road.  Significant damage
was observed at several locations along the rest of the road, while no damage was observed along the
tire bale test section.

Barry Christopher
B-1



According to the Chautauqua County Public Works Director, the
section of road that utilized the tire bales performed better
through the rain, snow, and heavy traffic than ever before.
Although the test embankment was not outfitted with
instrumentation, the success of the project has been attributed
to three main factors (Encore Systems, Inc.).

First, while the bearing capacity of the tire bale layers
was not quantified, its magnitude is certainly well above
that of the subgrade soils.

Second, the good drainage characteristics of the tire
bales, which facilitate flow of infiltrating liquids
through the tire bales, promoting drainage into lateral
trench drains.

Finally, the insulation of the tire bales, which were
reported to protect the sub-base from frost-damage.

More than 250,000 waste tires were used in this project.
Following this successful application, permits have been granted
to implement similar county projects.

Chautauqua County prepared the the following summary
“ Utilization of Scrap Tires in Baled Form Used in Roadbed
Construction in Conjunction with the Tire Amnesty Program”  to
describe their experience detail the cost savings associated
with their application of baled tires on the sections of
roadways completed from 1999 to 2002..

Figure B2. Construction of a Road Embankment Using Tire Bales as
Subgrade
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Case Study 3: Front Range Tire Recycle, Inc., Sedalia, Colorado

Front Range Tire Recycle, Inc. is a tire recycling facility
located in Sedalia, southwest of Denver, Colorado.  This
facility is located on a property adjacent to a set of railroad
tracks.  Part of the property that lies nearest the railroad
tracks is located on a relatively steep slope.  Maximizing the
use of the property has always been difficult due to the sloping
terrain of the property.

When Front Range Tire Recycle, Inc. opened for business, the
method of storing the tires involve simple stockpiling of large
quantities of tires.  This approach was later deemed unsafe
because of the fire hazard posed by the tires as well as because
of the breeding ground for infectious mosquitoes.  Consequently,
Front Range Tire Recycle, Inc. initiated tire shredding
operations.  Among other reasons, tire shredding decreases the
volume of tire stockpiles.  However, problems associated with
fire hazard are still of concern.  In addition to safety issues,
the commercial demand for shredded tires was not significant.
Recently, the owner of the company decided to manufacture tire
bales.

According to the owner of the company, Mr. Rick Welle, more
tires can be stored when using tire baling approaches.  Also,
there seems to be a “ good market”  for the bales.  In addition,
Mr. Welle has been utilizing tire bales for road construction
within his facility.  The road construction activities that took
place at this facility are reported herein.

The portion of the property at Front Range Tire Recycle, Inc.
that lies adjacent to the railroad tracks was essentially
unusable due to the steep grade of the slope.  Consequently, in
an effort to maximize land usage, the company decided in 2000 to
construct a road on top of the slope using tire bales.  Such a
road would route the truck traffic across the facility.

Construction of the road involved an initial excavation into the
slope (i.e. a “ cut”  excavation), which was conducted to define
a relatively flat surface in order to place the tire bales.
Next, the tire bales were stacked in a “ brick-like”  fashion
using a forklift.  Once the stacked bales reached the desired
height for the roadway, the bales were compacted using a front-
end loader.  In addition to soil, tire shreds were spread over
the surface of the tire bale layers in an effort to level the
roadway.  Finally, soil was placed in uniform layers above the
final layer of tire bales and compacted.  A view of the road at
this Sedalia facility is shown in Figure B3.

Barry Christopher
 B-9



Visual inspection of the road indicates that the structure has
performed very well so far, with little need for maintenance.
The only reported maintenance need involved the repair of some
small sinkholes that developed near the edges of the roadway.
Figure B4 shows a typical sinkhole.  The mechanism for sinkhole
generation is attributed to incomplete filling the voids of the
tire bales with soil.  The sinkholes developed because tire
shreds were not initially spread in their vicinity after
stacking the bales.  Maintenance operations involved filling and
compacting the sinkholes with soil (Welle, 2003, personal
communication).  In spite of the development of few sinkholes,
the road has performed extremely well even though it is
subjected to daily heavy truck traffic (e.g. semi with trailers)
and occasionally large construction equipment (e.g. front-end
loaders and scrapers).

Figure B3.  Road built from stacked tire bales.

Recent Colorado state laws required that the company divide some
of the existing tire and tire shred piles in case of an
emergency fire situation.  As a result of this regulation, the
company has begun to divide a few of his large piles with
roadways wide enough for a fire engine to circulate.  Because of
the successful performance of the first tire bale road,
additional roads with tire bales are in the process of being
constructed.  One of these roads is shown in Figure B5.
However, it should be noted that the tire bales that are being
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placed are on top of compacted soil that is underlain by another
layer of tire bales.

Even though there have been experimental tire bale applications
for civil engineering applications, similar to the case studies
described above, there exists a need for additional research.
Nearly all of the civil engineering projects that have utilized
tire bales have been completed on a “ trial-and-error”  basis.
This method has proven itself to be very successful in most
cases.  However, to fully utilize tire bales and make them
available on a large scale for civil engineering applications,
research will need to be conducted to further the knowledge of
the properties and capabilities of tire bales.

Figure B4.  Typical sinkhole.
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Figure B5.  Roadway construction using tire bales.
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APPENDIX C.  General Properties of Tires and Results of March 2000 Tire Bale Lab Tests

Materials Composition, Rubber Manufacturer’s Association Fact Sheet

Creep and Load Test on Tire Bale, Twin City Testing /Encore Systems
March 2000 
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APPENDIX D.  2004 Lab Test Data on Tire Bales (performed for this study) 
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Subject: Summary of the Laboratory Tests Performed for the  Tire Bale Study 
  GTX Project No.: G0581 
  December 16, 2004 
 
 
GeoTesting Express, Inc. (GTX) has completed the laboratory tests on tire bales received in accordance 

with the scope of work and GTX proposal No. 0050197.  The following sections briefly describe the test 

performed including any modifications made during the performance of the test program as was 

previously discussed in our interim reports.  The test results from all tests performed follow the 

description of the test program.  

 
TIRE BALE LABORATORY TEST PROGRAM 

 
The following laboratory test program was performed on the (9) tire bales that were received at the 

GeoTesting Express, Inc. laboratory in Alpharetta, GA.  All tests were performed on the entire bale.  The 

tire bales will have a rough estimated size of 2.5 ft x 4.5 ft x 5 ft and weigh approximately 1 ton.  The 

sequence and procedures listed below were followed to allow for reuse of bales where possible.   

 

- Dry, wet and submerged unit weight of as received tire bales.   

Unit weigh tests were made on all samples received.  The procedure consisted of 
volumetric measurements and weight of the sample as received noting any presence of 
moisture in the bale.  The volume was measured by taking dimensional measurements.  
For dimensional measurements, a significant number of measurements were taken to 
obtain unit weight measurements within a 1 % accuracy and repeatability.  Digital image 
analysis was used to confirm the measurements with two digital photos (front and side 
view) taken of each bale along with a visible reference scale mounted on the bale using a 
level camera located vertically at the mid height of the bale.  Representative images are 
shown included with this report.  At least two bales were stored in a dry environment for 
a sufficient period of time (i.e., no weight change within a 1 day period of time) in order 
to obtain an air dry unit weight for these two samples.  These two samples were then also 
used to obtain the submerged and wet unit weight of the tire bales.   
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Submerged unit weight measurements were obtained by submerging the entire bale in a 
tank of water for a sufficient period of time to allow all free air to escape and obtain the 
weight below water.  Prior to placement in the tank, the water in the tank was maintained 
at room temperature for at least 24 hours to reduce the amount and equilibrate the 
dissolved oxygen in the water.  After obtaining the submerged weight, each sample was 
extracted from the water, allowed to freely drain, and weighed immediately after drainage 
to obtain the wet unit weight.   

 

− Vertical Permeability of tire bales.   
- The vertical permeability of two (2) tire bales was evaluated by rapidly extracting the 

bale which had been submerged in water and monitoring the time it takes for water to 
completely drain from the sample under gravity flow.  The horizontal sides of the tire 
bale were wrapped with shrink wrap to prevent lateral flow out of the sides of the bale.  
The time of extraction was sufficiently rapid to maintain a visible and measurable 
differential head differential (e.g., with piezometers) between the water in the reservoir 
and in the sample.        

 

− Unconfined compressibility with both vertical and horizontal deformation 
measurements. 

- Unconfined compression tests were performed generally following the ASTM D2166 
Standard Test Method for Unconfined Compressive Strength of Cohesive Soil.  These 
test were performed at the Georgia Institute of Technology structural laboratory in 
Atlanta, Georgia and a separate report is attached on this phase of the testing program.  In 
summary, the top and bottom loading platens consisted of large concrete blocks, which 
had surface area that was than the compressed loaded tire bale surface area and extended 
beyond the dimensions of the sample in all directions when fully loaded.  The load 
platens were also sufficiently stiff so as not to bend or deform during testing and 
distribute the load uniformly across the sample.  A minimum of three vertical 
deformation measurements (to an accuracy of 0.1 inches) was made with gages located 
equal distances around the sample (e.g., 3 gages located at the third points around the 
sample).  Lateral movement was also be measured in at least three equally spaced (from 
top to bottom) vertical locations by measuring the circumference with a tape measure.  A 
calibrated load cell was used to measure the applied load.  A peak strength was not 
reached for the tire bales and tests were performed to maximum loads of 300 to 600 kips, 
based on equipment compatibility and safety.  Both continuous monitoring using data 
acquisition methods and manual readings to perform a check were made, with vertical 
and horizontal deformation shall be taken at a minimum of every 10 kips up to 100 kips 
and at every 25 kips up to the full load condition.  An unload – reload test was performed 
on one of the bales. 
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− Unconfined and confined compressibility of tire bales (i.e., without and with in fill 
materials) at working loads, including static and cyclic modulus evaluation. 
These tests were performed in the GeoTesting Express, Inc. laboratory in a similar 
manner as the unconfined tests except that the maximum load was 20 kips, steel platens 
with an area greater than the compressed tire bale were used to apply the load, and the 
cyclic load was performed at 9 kips with a one foot circular plate (to simulate a vehicle 
load at the tire surface).  Two tests were performed on two separate tire bale samples, one 
unconfined and one confined with a minimum of six inches of dry, concrete sand (ASTM 
C-33) completely surrounding the sides of the tire bale.  For the confined test, the 
samples were contained in a rigid box, the sand placed in the annulus between the sides 
of the box and the sample, and the surface sand was compacted with a vibratory plate 
compactor a minimum of five passes.  Sand that subsided during compaction was 
replaced to form a level surface.  For the cyclic load test a level bearing surface was 
provided beneath the circular plate using a non shink mortar mix.  Prior to performing the 
static compression test on either of the unconfined or confined tire bale, the cyclic load 
test was performed using a 1 ± 0.5 hertz frequency for a minimum of 1000 cycles.  
Vertical deformation measurements (to an accuracy of 0.001 inches) were made using 
LVDT’s and a data acquisition system.  Following the cyclic load test, the static load 
deformation test was performed to 20 kips.    

 

− Time-dependent deformations of tire bales under sustained load (i.e. creep). 
Creep test consisted of placing a constant load on a single unconfined tire bale and 
monitoring the deformation response for a period of 1000 hrs at a constant room 
temperature.  Three tests were performed fresh bales (previously not used in the test 
program), one with an applied load of 8 kips and the other two with an applied load of 20 
kips.  In this case, metal plates with an area greater than the compressed tire bale were 
used for the load platens and an air bag was used to sustain the required load.  Twin air 
bags were used to sustain the required load.  A second steel plate was placed above the 
air bags, and a load cell was placed between the upper steel plate and a reaction beam to 
monitor the applied stress.  The vertical deformation measurements were made using 
three gages, with an accuracy of 0.0254 mm (0.001 in.) placed evenly (at the third points) 
around the sample.  The first 90 kN (20 kips) test experienced accelerated movement on 
one corner after approximately 190 hrs and the test had to be terminated.  There is a 
tendency for tires to shift laterally in their unconfined condition.  The second 90 kN (20 
kips) did not experience this problem and the test was performed to the required 1000 hrs 
of time. 

 

− Shear strength between adjacent vertically stacked tire bales. 
In this test, a direct shear test was performed by vertically stacking two tire bales, 
restraining the upper bale from moving laterally, and measuring the force to pull out the 
bottom bale, which was supported by low friction rollers.  The air bag system used in the 
creep tests was used to apply the normal load.   Tests were conducted at normal loads of 
9 kN (2 kips) (i.e., the dead weight of the upper bale), 18 kN (4 kips), and 27 kN (6 kips).  
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During application of shear force the bales tended to roll due to interlocking at 
undulations on the interface surfaces, rather than slide along the interface.  This resulted 
in eccentric loading on the load cell used to monitor the normal stress and the test had to 
be stopped before a peak shear stress could be reached.  

 

− Rebound and potential expansive pressure. 
In order to evaluate uplift potential, two tests were performed, one to evaluate swell 
pressure plus free swell and the other to evaluate free swell alone.  The first test was 
conducted on a sample that had been manufactured and stored for a period of 1 year.  In 
this test, a rigid piston with a load cell was placed on the sample using a wooden pallet as 
a platen to facilitate cutting of the wires.  The five vertical tie wires were then cut and the 
load required to prevent any upward vertical movement was measured.  The load to 
prevent uplift was relatively small and stabilized within an hour at 1.6 kN (356 lbs).  
However, after cutting of the wires, significant lateral movement was observed and 
continued after the load had stabilized.  After no increase in upward pressure was 
observed, the load was released and the upward vertical movement was monitored until 
no additional movement occurred. A relatively small average vertical movement of 21.4 
mm (1 in.) was measured.  The lateral movement was significant with almost 600 mm (2 
ft) of movement observed in the band width direction [300 mm (1 ft) on each side], until 
the bale was restrained by the sides of the 2 m wide (6.6 ft) container.    
 
Due to the significant lateral movement observed during the first test, the second test was 
performed by restraining the lateral movement with several lifting straps, simulating 
confinement by adjacent tire bales.  All five vertical tie wires on a tire bale were cut and 
the upward vertical movement monitored.   

 

The following test matrix was used in order to maximize the number of test that could be 
performed on the nine (9) tire bales. 

 
Table 1. Tire Bale Test Matrix 
Sample 
Number 

Unit 
Weight 

k UC-ult UC- 
conf. & 
cyclic 

Shear 
(τ) 

Swell 
rebound 
& Press. 

Creep 

1 X X  X X  X 
2 X X  X X  X 
3 X    X X  
4 X     X  
5 X  X     
6 X  X     
7 X  X     
8 X  X     

9 - Old X     X  
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Representative Photos of 
Tire Bales used for Lab Tests
Tire Bale 0, 

Side 1
Tire Bale 0, 

Side 2

Tire Bale 5, 
Side 1

Tire Bale 5, 
Side 2

Barry Christopher
 D-6



Project No. : GTX G0581 Project Name: Tire Bale Study
Tested By: SD Reviewed By: JW
Test Date: Review Date: 4/9/2004

Tare Weight, lbs: 23

Tire Baled No. 0 3 4 5 6

As Received + Tare Weight, lbs 2185 1933 2073 2026 1998

As Received Weight, lbs 2162 1910 2050 2003 1975

Dry Weight, lbs 2161 1910 2049

Submerged Weight, lbs 293 189 238

Wet(Drained) Weight, lbs 2288 2098 2205

Thickness, ft 2.4 2.3 2.3 2.2 2.4

Width (band direction), ft 4.7 4.7 4.8 4.8 4.8

Width (cross-band direction), ft 5.2 5.0 5.0 5.2 5.3

Volume, ft3 59.0 54.1 54.4 54.4 59.2

As received Unit Weight, lbs/ft3 36.6 35.3 37.7 36.8 33.4

Dry Unit Weight: 36.6 35.3 37.7

Submerged Unit Weight: 5.0 3.5 4.4

Wet Unit Weight: 38.8 38.8 40.5

4/5/2004

GEOMETRY, DRY, WET AND SUBMERGED UNIT WEIGHT                  
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Project No. : GTX G0581 Project Name: Tire Bale Study
Tested By: SD Reviewed By: JW
Test Date: Review Date:

Tire Bale 4 Tire Bale 3
Trial 1 Trial 2 Trial 1 Trial 2

Time
Weight of 
Tire Bale Time

Weight of 
Tire Bale Time

Weight of 
Tire Bale Time

Weight of 
Tire Bale

(minutes) (lbs) (minutes) (lbs) (minutes) (lbs) (minutes) (lbs)
0.5 2318 0.5 2317 11.5 2145 0.5 2218

1 2295 1 2295 13.5 2143 1 2190
1.5 2283 1.5 2285 15 2143 1.5 2180

2 2277 2 2277 17 2141 2 2173
3 2270 3 2270 3 2165
4 2263 4 2265 4 2161
6 2257 6 2260 6 2155
8 2255 8 2255 8 2150

10 2255 10 2255 10 2148
12 2252 12 2252 12 2145
15 2252 15 2252 15 2143
20 2250 20 2250 20 2140
25 2247 25 2248 25.5 2136
30 2247 30 2247 30 2135
40 2247 45 2245

VERTICAL PERMEABILITY OF TIRE BALES

4/12/2004 4/16/2004

Tire Bale 4
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Tire Bale 3
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Peak

Tire Bale 4 - Unconfined Under a Cyclic Load of 9 kips
Peak Values

Representative Data Up to row 1310 Up  to column CF

Cycle #  Cen. Def. LC LC LC SD3 SD4 SD5
(kPa) (psi) (lbf) (mm) (mm) (mm)

1 23.78689667 527.483 76.502 8652.200 23.65999 24.30027 23.40043
2 24.21059667 526.822 76.406 8641.358 24.10309 24.71157 23.81713
3 24.29583 522.19 75.735 8565.380 24.18019 24.81437 23.89293
4 24.34129667 520.205 75.447 8532.821 24.21869 24.85547 23.94973
5 24.34129667 517.558 75.063 8489.403 24.21869 24.85547 23.94973
6 24.44563 518.22 75.159 8500.261 24.31509 24.95837 24.06343
7 24.24336333 510.941 74.103 8380.865 24.12239 24.75267 23.85503
8 24.25613 508.295 73.719 8337.463 24.14169 24.75267 23.87403
9 24.21693 504.986 73.239 8283.187 24.10309 24.71157 23.83613

10 24.14543 502.34 72.856 8239.785 24.02609 24.64987 23.76033
11 24.06019667 499.031 72.376 8185.508 23.94899 24.54707 23.68453
12 24.10623 497.046 72.088 8152.948 23.98749 24.60877 23.72243
13 24.11209667 494.4 71.704 8109.546 24.00679 24.58817 23.74133
14 24.07296333 491.091 71.224 8055.270 23.96829 24.54707 23.70353
15 24.02013 487.783 70.744 8001.009 23.94899 24.46477 23.64663
16 24.04606333 485.136 70.361 7957.591 23.96829 24.48537 23.68453
17 24.00686333 483.151 70.073 7925.031 23.92969 24.44427 23.64663
18 23.95396333 480.505 69.689 7881.629 23.89119 24.36197 23.60873
19 23.88876333 477.858 69.305 7838.211 23.81409 24.30027 23.55193
20 23.92169667 476.535 69.113 7816.510 23.85269 24.34147 23.57093
21 23.69343 473.888 68.729 7773.092 23.62149 24.11527 23.34353
22 23.69983 471.903 68.441 7740.533 23.64069 24.11527 23.34353
23 23.70606333 471.241 68.345 7729.674 23.62149 24.11527 23.38143
24 23.50379667 467.933 67.866 7675.413 23.42879 23.90957 23.17303
25 23.41226333 465.948 67.578 7642.854 23.35169 23.80677 23.07833
26 23.41913 465.286 67.482 7631.995 23.35169 23.82737 23.07833
27 23.21639667 461.316 66.906 7566.876 23.15909 23.60117 22.88893
28 23.17719667 460.655 66.810 7556.034 23.12049 23.56007 22.85103
29 23.10566333 458.67 66.522 7523.474 23.04339 23.49837 22.77523
30 22.96209667 456.685 66.234 7490.915 22.88929 23.35437 22.64263
31 22.89016333 455.361 66.042 7469.197 22.83149 23.27217 22.56683
32 22.81866333 453.376 65.754 7436.638 22.75439 23.21047 22.49113
33 22.74029667 452.053 65.562 7414.937 22.67739 23.12817 22.41533
34 22.64233 450.73 65.371 7393.236 22.58099 23.02537 22.32063
35 22.54479667 448.745 65.083 7360.676 22.46539 22.94317 22.22583
36 22.49879667 447.421 64.891 7338.959 22.42689 22.88147 22.18803
37 22.40083 445.436 64.603 7306.400 22.33059 22.77867 22.09323
38 22.36163 444.113 64.411 7284.699 22.29199 22.73757 22.05533
39 22.29016333 443.451 64.315 7273.840 22.21499 22.67587 21.97963
40 22.42039667 444.775 64.507 7295.557 22.34979 22.79917 22.11223
41 22.59673 449.406 65.179 7371.519 22.52319 22.98427 22.28273
42 22.66823 451.391 65.466 7404.078 22.60029 23.04597 22.35843
43 22.80539667 454.038 65.850 7447.496 22.73519 23.18987 22.49113
44 22.94253 456.023 66.138 7480.056 22.86999 23.33387 22.62373
45 23.09926333 459.331 66.618 7534.316 23.02419 23.49837 22.77523
46 23.17076333 461.316 66.906 7566.876 23.10119 23.56007 22.85103
47 23.26229667 462.64 67.098 7588.593 23.17829 23.66287 22.94573
48 23.52973 465.948 67.578 7642.854 23.44809 23.93017 23.21093
49 23.60809667 468.595 67.962 7686.272 23.52509 24.01247 23.28673
50 23.76483 469.918 68.153 7707.973 23.67929 24.17697 23.43823
51 23.84316333 471.903 68.441 7740.533 23.75629 24.25917 23.51403
52 24.03226333 475.211 68.921 7794.793 23.94899 24.44427 23.70353
53 24.12333 476.535 69.113 7816.510 24.04529 24.52647 23.79823
954 28.20746333 466.61 67.674 7653.713 28.22629 28.39237 28.00373
955 28.10323 465.286 67.482 7631.995 28.12999 28.28957 27.89013
956 27.97923 462.64 67.098 7588.593 27.99509 28.16617 27.77643
957 27.91359667 460.655 66.810 7556.034 27.93729 28.08387 27.71963
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958 27.79606333 458.67 66.522 7523.474 27.82169 27.96057 27.60593
959 27.69853 456.023 66.138 7480.056 27.70609 27.87827 27.51123
960 27.58736333 454.7 65.946 7458.355 27.60969 27.75487 27.39753
961 27.51536333 452.715 65.658 7425.796 27.53269 27.67267 27.34073
962 27.42423 451.391 65.466 7404.078 27.43629 27.59037 27.24603
963 27.30036333 448.083 64.987 7349.818 27.32069 27.46697 27.11343
964 27.20239667 446.76 64.795 7328.117 27.22439 27.36417 27.01863
965 27.05886333 444.113 64.411 7284.699 27.07029 27.22027 26.88603
966 26.98059667 442.128 64.123 7252.139 27.01249 27.13797 26.79133
967 26.88893 440.143 63.835 7219.579 26.91609 27.03517 26.71553
968 26.81063 438.819 63.643 7197.862 26.83909 26.95297 26.63983
969 26.58236333 432.864 62.779 7100.183 26.60789 26.72677 26.41243
970 26.60193 434.849 63.067 7132.743 26.62709 26.74727 26.43143
971 26.39329667 429.556 62.300 7045.923 26.41519 26.54167 26.22303
972 26.47809667 432.864 62.779 7100.183 26.51149 26.62397 26.29883
973 26.52359667 434.188 62.971 7121.901 26.55009 26.66507 26.35563
974 26.58876333 435.511 63.163 7143.602 26.62709 26.72677 26.41243
975 26.77826333 440.804 63.931 7230.422 26.80049 26.93237 26.60193
976 26.88263 442.789 64.219 7262.981 26.91609 27.03517 26.69663
977 26.92813 444.113 64.411 7284.699 26.95469 27.07627 26.75343
978 26.98693 444.775 64.507 7295.557 27.01249 27.13797 26.81033
979 27.12406333 448.745 65.083 7360.676 27.14729 27.28197 26.94293
980 27.23473 450.73 65.371 7393.236 27.26289 27.38477 27.05653
981 27.33269667 452.715 65.658 7425.796 27.35929 27.48757 27.15123
982 27.43709667 455.361 66.042 7469.197 27.47489 27.59037 27.24603
983 27.56139667 458.008 66.426 7512.616 27.57119 27.73437 27.37863
984 27.63926333 459.331 66.618 7534.316 27.66749 27.79597 27.45433
985 27.75686333 462.64 67.098 7588.593 27.78319 27.91937 27.56803
986 27.82883 464.625 67.386 7621.153 27.84099 28.00167 27.64383
987 27.93319667 465.948 67.578 7642.854 27.95659 28.10447 27.73853
988 28.01796333 468.595 67.962 7686.272 28.05289 28.18667 27.81433
989 28.12276333 469.918 68.153 7707.973 28.14919 28.31007 27.90903
990 28.22706333 473.226 68.633 7762.233 28.24559 28.41287 28.02273
991 28.21429667 472.565 68.537 7751.391 28.22629 28.41287 28.00373
992 28.35099667 475.873 69.017 7805.652 28.38039 28.53627 28.13633
993 28.41666333 476.535 69.113 7816.510 28.43819 28.61857 28.19323
994 28.56716333 480.505 69.689 7881.629 28.61159 28.78307 28.30683
995 28.56029667 479.843 69.593 7870.771 28.61159 28.76247 28.30683
996 28.59373 481.166 69.785 7892.472 28.65019 28.82417 28.30683
997 28.66653 483.813 70.169 7935.890 28.76579 28.92697 28.30683
998 28.73289667 486.46 70.553 7979.308 28.86209 29.02977 28.30683
999 28.77273 487.121 70.648 7990.150 28.91989 29.09147 28.30683

1000 28.78603 487.121 70.648 7990.150 28.93919 29.11207 28.30683
1001 28.87893 490.43 71.128 8044.427 29.07399 29.25597 28.30683
1002 28.92519667 492.415 71.416 8076.987 29.15109 29.31767 28.30683
1003 28.96503 493.076 71.512 8087.829 29.20889 29.37937 28.30683
1004 29.01119667 494.4 71.704 8109.546 29.26669 29.44107 28.32583
1005 29.09779667 497.708 72.184 8163.807 29.40159 29.58497 28.30683
1006 29.14449667 499.031 72.376 8185.508 29.45939 29.66727 28.30683
1007 29.19076333 500.355 72.568 8207.225 29.53649 29.72897 28.30683
1008 29.23699667 501.678 72.760 8228.926 29.61349 29.79067 28.30683
1009 29.30339667 503.663 73.048 8261.486 29.70989 29.89347 28.30683
1010 29.26356333 502.34 72.856 8239.785 29.65209 29.83177 28.30683
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Tire Bale 4 - Unconfined Under a Cyclic Load of 9 kips
Minimum Values

Representative Data
Cycle #  Cen. Def. LC LC LC SD3 SD4 SD5

(kPa) (psi) (lbf) (mm) (mm) (mm)
1 0 10.5536 1.531 173.109 0 0 0
2 0.917206667 10.0574 1.459 164.970 0.90074 0.95104 0.89984
3 1.20604 10.0574 1.459 164.970 1.18493 1.2492 1.18399
4 1.373873333 9.89196 1.435 162.256 1.3487 1.4137 1.35922
5 1.497816667 10.0574 1.459 164.970 1.47875 1.53708 1.47762
6 1.594223333 10.2228 1.483 167.683 1.5799 1.6399 1.56287
7 1.665953333 9.89196 1.435 162.256 1.64734 1.71187 1.63865
8 1.72459 10.0574 1.459 164.970 1.70514 1.76842 1.70021
9 1.783363333 9.89196 1.435 162.256 1.76294 1.83011 1.75704

10 1.830653333 9.72655 1.411 159.543 1.81592 1.87637 1.79967
11 1.861596667 9.56113 1.387 156.829 1.84001 1.90722 1.83756
12 1.920286667 9.72655 1.411 159.543 1.90744 1.96377 1.88965
13 1.962733333 9.89196 1.435 162.256 1.94116 2.01003 1.93701
14 1.998623333 9.56113 1.387 156.829 1.97969 2.04602 1.97016
15 2.034353333 9.56113 1.387 156.829 2.01341 2.07686 2.01279
16 2.0734 9.56113 1.387 156.829 2.05194 2.11285 2.05541
17 2.094596667 9.72655 1.411 159.543 2.07603 2.13341 2.07435
18 2.120773333 9.72655 1.411 159.543 2.0953 2.16425 2.10277
19 2.143576667 9.56113 1.387 156.829 2.1242 2.18482 2.12171
20 2.169643333 9.56113 1.387 156.829 2.14828 2.21052 2.15013
21 2.1891 9.56113 1.387 156.829 2.16755 2.22594 2.17381
22 2.20869 9.72655 1.411 159.543 2.18681 2.24651 2.19275
23 2.22325 9.72655 1.411 159.543 2.20126 2.25679 2.2117
24 2.23952 9.56113 1.387 156.829 2.21571 2.27221 2.23064
25 2.250976667 9.39571 1.363 154.116 2.2398 2.28249 2.23064
26 2.26559 9.56113 1.387 156.829 2.2398 2.29791 2.25906
27 2.283493333 9.56113 1.387 156.829 2.26388 2.31334 2.27326
28 2.284966667 9.56113 1.387 156.829 2.2687 2.3082 2.278
29 2.29155 9.39571 1.363 154.116 2.2687 2.31848 2.28747
30 2.306216667 9.56113 1.387 156.829 2.27833 2.3339 2.30642
31 2.312746667 9.56113 1.387 156.829 2.29278 2.33904 2.30642
32 2.322513333 9.39571 1.363 154.116 2.2976 2.34932 2.32062
33 2.327413333 9.72655 1.411 159.543 2.30242 2.35446 2.32536
34 2.334023333 9.39571 1.363 154.116 2.30723 2.36474 2.3301
35 2.3405 9.39571 1.363 154.116 2.31205 2.36988 2.33957
36 2.343573333 9.2303 1.339 151.403 2.32168 2.36474 2.3443
37 2.350186667 9.2303 1.339 151.403 2.3265 2.37502 2.34904
38 2.353483333 9.56113 1.387 156.829 2.3265 2.38017 2.35378
39 2.361696667 9.2303 1.339 151.403 2.33613 2.39045 2.35851
40 2.366433333 9.39571 1.363 154.116 2.33613 2.39045 2.37272
41 2.3777 9.2303 1.339 151.403 2.35058 2.39559 2.38693
42 2.39084 9.39571 1.363 154.116 2.36985 2.41101 2.39166
43 2.40722 9.39571 1.363 154.116 2.37948 2.43157 2.41061
44 2.423603333 9.72655 1.411 159.543 2.38912 2.45214 2.42955
45 2.43819 9.39571 1.363 154.116 2.40839 2.46242 2.44376
46 2.45767 9.56113 1.387 156.829 2.43247 2.47784 2.4627
47 2.46771 9.56113 1.387 156.829 2.43729 2.4984 2.46744
48 2.48224 9.72655 1.411 159.543 2.44692 2.50868 2.49112
49 2.50515 9.56113 1.387 156.829 2.471 2.53439 2.51006
50 2.519843333 9.39571 1.363 154.116 2.48545 2.54981 2.52427
51 2.5344 9.89196 1.435 162.256 2.4999 2.56009 2.54321
52 2.5556 9.56113 1.387 156.829 2.52399 2.58065 2.56216
53 2.586566667 9.56113 1.387 156.829 2.55289 2.6115 2.59531
54 2.606156667 9.72655 1.411 159.543 2.57216 2.63206 2.61425
55 2.620716667 9.56113 1.387 156.829 2.58661 2.64234 2.6332
56 2.645313333 9.56113 1.387 156.829 2.60587 2.67319 2.65688
57 2.664796667 9.72655 1.411 159.543 2.62996 2.68861 2.67582
58 2.684496667 9.56113 1.387 156.829 2.64441 2.71431 2.69477
59 2.70727 9.72655 1.411 159.543 2.66849 2.73488 2.71844
60 2.731626667 9.72655 1.411 159.543 2.69258 2.75544 2.74686
61 2.754236667 9.72655 1.411 159.543 2.71184 2.77086 2.78001
62 2.772386667 9.72655 1.411 159.543 2.73111 2.79657 2.78948
63 2.808386667 9.72655 1.411 159.543 2.76483 2.83769 2.82264
64 2.824656667 9.72655 1.411 159.543 2.77928 2.85311 2.84158
65 2.853936667 9.89196 1.435 162.256 2.81299 2.87882 2.87
66 2.866863333 9.72655 1.411 159.543 2.81781 2.8891 2.89368
67 2.892956667 9.72655 1.411 159.543 2.84671 2.9148 2.91736
68 2.920873333 9.89196 1.435 162.256 2.8708 2.95079 2.94103
69 2.950126667 9.89196 1.435 162.256 2.8997 2.97649 2.97419
70 2.97132 9.72655 1.411 159.543 2.92378 2.99705 2.99313
71 3.005473333 9.89196 1.435 162.256 2.9575 3.0279 3.03102
72 3.033116667 9.89196 1.435 162.256 2.98158 3.0536 3.06417
73 3.06596 9.72655 1.411 159.543 3.0153 3.09473 3.08785
74 3.091783333 9.72655 1.411 159.543 3.0442 3.11015 3.121
75 3.109906667 9.89196 1.435 162.256 3.05865 3.13586 3.13521
76 3.147236667 9.89196 1.435 162.256 3.09718 3.1667 3.17783
77 3.179943333 9.89196 1.435 162.256 3.1309 3.20268 3.20625
78 3.212623333 9.89196 1.435 162.256 3.1598 3.23867 3.2394
79 3.245223333 9.72655 1.411 159.543 3.19834 3.26951 3.26782
80 3.273003333 10.0574 1.459 164.970 3.22242 3.30036 3.29623
81 3.298963333 9.89196 1.435 162.256 3.25132 3.32092 3.32465
82 3.336543333 9.89196 1.435 162.256 3.28504 3.36205 3.36254
83 3.359236667 9.89196 1.435 162.256 3.31876 3.37747 3.38148
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84 3.393603333 10.0574 1.459 164.970 3.34284 3.4186 3.41937
85 3.42446 9.89196 1.435 162.256 3.37656 3.4443 3.45252
86 3.452266667 9.89196 1.435 162.256 3.40546 3.47514 3.4762
87 3.48152 9.89196 1.435 162.256 3.43436 3.50085 3.50935
88 3.520456667 9.89196 1.435 162.256 3.47771 3.53169 3.55197
89 3.54013 9.72655 1.411 159.543 3.48734 3.5574 3.57565
90 3.587446667 10.0574 1.459 164.970 3.54514 3.60366 3.61354
91 3.61349 9.72655 1.411 159.543 3.56441 3.62937 3.64669
92 3.639583333 9.89196 1.435 162.256 3.59331 3.65507 3.67037
93 3.68024 10.2228 1.483 167.683 3.63666 3.69106 3.713
94 3.70655 10.0574 1.459 164.970 3.65593 3.72704 3.73668
95 3.730823333 9.72655 1.411 159.543 3.68965 3.74246 3.76036
96 3.768263333 9.89196 1.435 162.256 3.72336 3.77845 3.80298
97 3.797676667 9.89196 1.435 162.256 3.75708 3.80929 3.82666
98 3.82375 9.89196 1.435 162.256 3.78117 3.835 3.85508
99 3.83697 9.72655 1.411 159.543 3.7908 3.85556 3.86455

100 3.84505 9.72655 1.411 159.543 3.80043 3.8607 3.87402
950 6.311586667 10.7191 1.555 175.823 6.44966 6.14837 6.33673
951 6.309853333 10.5536 1.531 173.109 6.44966 6.14317 6.33673
952 6.30164 10.5536 1.531 173.109 6.44002 6.13287 6.33203
953 6.29343 10.5536 1.531 173.109 6.43039 6.12267 6.32723
954 6.278873333 10.7191 1.555 175.823 6.41594 6.11235 6.30833
955 6.27224 10.7191 1.555 175.823 6.41112 6.10207 6.30353
956 6.27082 10.5536 1.531 173.109 6.41112 6.10721 6.29413
957 6.26086 10.5536 1.531 173.109 6.39667 6.09178 6.29413
958 6.24457 10.5536 1.531 173.109 6.38222 6.07636 6.27513
959 6.239833333 10.5536 1.531 173.109 6.37741 6.07636 6.26573
960 6.23808 10.5536 1.531 173.109 6.37259 6.07122 6.27043
961 6.224996667 10.5536 1.531 173.109 6.36296 6.0558 6.25623
962 6.220183333 10.5536 1.531 173.109 6.35332 6.0558 6.25143
963 6.215043333 10.5536 1.531 173.109 6.35332 6.04038 6.25143
964 6.210306667 10.5536 1.531 173.109 6.34851 6.04038 6.24203
965 6.192186667 10.5536 1.531 173.109 6.33406 6.01467 6.22783
966 6.1842 10.5536 1.531 173.109 6.3196 6.01467 6.21833
967 6.177603333 10.3882 1.507 170.396 6.31479 6.00439 6.21363
968 6.171116667 10.3882 1.507 170.396 6.30997 5.99925 6.20413
969 6.159706667 10.3882 1.507 170.396 6.29552 5.98897 6.19463
970 6.151503333 10.7191 1.555 175.823 6.28589 5.97869 6.18993
971 6.14491 10.3882 1.507 170.396 6.28589 5.96841 6.18043
972 6.1335 10.5536 1.531 173.109 6.27144 5.95813 6.17093
973 6.130366667 10.3882 1.507 170.396 6.27144 5.95813 6.16153
974 6.12227 10.3882 1.507 170.396 6.2618 5.95298 6.15203
975 6.12865 10.3882 1.507 170.396 6.27144 5.95298 6.16153
976 6.135213333 10.5536 1.531 173.109 6.27144 5.96327 6.17093
977 6.13853 10.5536 1.531 173.109 6.27625 5.96841 6.17093
978 6.145123333 10.5536 1.531 173.109 6.27625 5.97869 6.18043
979 6.143303333 10.5536 1.531 173.109 6.28107 5.96841 6.18043
980 6.14819 10.7191 1.555 175.823 6.28589 5.97355 6.18513
981 6.153 10.5536 1.531 173.109 6.29552 5.97355 6.18993
982 6.166083333 10.3882 1.507 170.396 6.30515 5.98897 6.20413
983 6.16951 10.2228 1.483 167.683 6.30515 5.99925 6.20413
984 6.17932 10.5536 1.531 173.109 6.3196 6.00953 6.20883
985 6.182526667 10.3882 1.507 170.396 6.32442 6.00953 6.21363
986 6.190586667 10.3882 1.507 170.396 6.33406 6.01467 6.22303
987 6.196923333 10.5536 1.531 173.109 6.33887 6.01467 6.23723
988 6.2005 10.7191 1.555 175.823 6.33887 6.0301 6.23253
989 6.213586667 10.5536 1.531 173.109 6.34851 6.04552 6.24673
990 6.215083333 10.5536 1.531 173.109 6.35814 6.04038 6.24673
991 6.223283333 10.5536 1.531 173.109 6.36296 6.05066 6.25623
992 6.226346667 10.5536 1.531 173.109 6.37259 6.04552 6.26093
993 6.231373333 10.5536 1.531 173.109 6.37259 6.0558 6.26573
994 6.237826667 10.3882 1.507 170.396 6.37741 6.06094 6.27513
995 6.25095 10.3882 1.507 170.396 6.39186 6.07636 6.28463
996 6.259153333 10.7191 1.555 175.823 6.40149 6.08664 6.28933
997 6.26575 10.5536 1.531 173.109 6.40149 6.09693 6.29883
998 6.27534 10.5536 1.531 173.109 6.42076 6.09693 6.30833
999 6.280263333 10.5536 1.531 173.109 6.43039 6.10207 6.30833

1000 6.285216667 10.7191 1.555 175.823 6.42557 6.11235 6.31773
1001 6.288466667 10.5536 1.531 173.109 6.44002 6.11235 6.31303
1002 6.303246667 10.5536 1.531 173.109 6.44484 6.13287 6.33203
1003 6.30642 10.7191 1.555 175.823 6.44966 6.13287 6.33673
1004 6.316096667 10.7191 1.555 175.823 6.45929 6.13807 6.35093
1005 6.31953 10.7191 1.555 175.823 6.45929 6.14837 6.35093
1006 6.33248 10.7191 1.555 175.823 6.47374 6.15857 6.36513
1007 6.343896667 10.5536 1.531 173.109 6.48819 6.16887 6.37463
1008 6.35537 10.5536 1.531 173.109 6.49301 6.18427 6.38883
1009 6.36192 10.7191 1.555 175.823 6.50746 6.18947 6.38883
1010 6.36852 10.5536 1.531 173.109 6.50746 6.19977 6.39833

Page 2

Barry Christopher
 D-12



Peak-Min

Tire Bale 4 - Unconfined Under a Cyclic Load of 9 kips
Peak - Minimum Values

Representative Data

Cycle #  Cen. Def. LC LC LC SD3 SD4 SD5
(kPa) (psi) (lbf) (mm) (mm) (mm)

1 22.86969 517.4256 75.044 8487.231 22.75925 23.34923 22.50059
2 23.00455667 516.7646 74.948 8476.389 22.91816 23.46237 22.63314
3 22.92195667 512.29804 74.300 8403.124 22.83149 23.40067 22.53371
4 22.84348 510.1476 73.988 8367.851 22.73994 23.31839 22.47211
5 22.74707333 507.3352 73.580 8321.720 22.63879 23.21557 22.38686
6 22.77967667 508.32804 73.724 8338.005 22.66775 23.2465 22.42478
7 22.51877333 500.8836 72.644 8215.896 22.41725 22.98425 22.15482
8 22.47276667 498.40304 72.285 8175.208 22.37875 22.92256 22.11699
9 22.38627667 495.25945 71.829 8123.644 22.28717 22.8352 22.03646

10 22.28383333 492.77887 71.469 8082.955 22.18608 22.74265 21.92277
11 22.13991 489.30445 70.965 8025.965 22.04155 22.5833 21.79488
12 22.14349667 487.15404 70.653 7990.692 22.04633 22.59874 21.78542
13 22.11347333 484.83887 70.317 7952.717 22.0271 22.54215 21.77117
14 22.03861 481.52987 69.838 7898.440 21.95488 22.47021 21.69074
15 21.94673 478.22187 69.358 7844.180 21.89705 22.35192 21.59122
16 21.95146667 475.40945 68.950 7798.048 21.89226 22.35196 21.61018
17 21.88609 473.42445 68.662 7765.489 21.83439 22.28002 21.54386
18 21.81038667 470.94387 68.302 7724.800 21.76699 22.17715 21.48702
19 21.71912 468.29687 67.918 7681.382 21.66581 22.08975 21.4018
20 21.75205333 466.97387 67.726 7659.681 21.70441 22.13095 21.4208
21 21.50433 464.32687 67.343 7616.263 21.45394 21.88933 21.16972
22 21.49114 462.17645 67.031 7580.990 21.45388 21.86876 21.15078
23 21.48281333 461.51445 66.935 7570.131 21.42023 21.85848 21.16973
24 21.26427667 458.37187 66.479 7518.584 21.21308 21.63736 20.94239
25 21.16128667 456.55229 66.215 7488.738 21.11189 21.52428 20.84769
26 21.15354 455.72487 66.095 7475.166 21.11189 21.52946 20.81927
27 20.93290333 451.75487 65.519 7410.047 20.89521 21.28783 20.61567
28 20.89223 451.09387 65.423 7399.204 20.85179 21.25187 20.57303
29 20.81411333 449.27429 65.159 7369.358 20.77469 21.17989 20.48776
30 20.65588 447.12387 64.848 7334.085 20.61096 21.02047 20.33621
31 20.57741667 445.79987 64.656 7312.368 20.53871 20.93313 20.26041
32 20.49615 443.98029 64.392 7282.522 20.45679 20.86115 20.17051
33 20.41288333 442.32645 64.152 7255.394 20.37497 20.77371 20.08997
34 20.30830667 441.33429 64.008 7239.120 20.27376 20.66063 19.99053
35 20.20429667 439.34929 63.720 7206.560 20.15334 20.57329 19.88626
36 20.15522333 438.1907 63.552 7187.556 20.10521 20.51673 19.84373
37 20.05064333 436.2057 63.264 7154.997 20.00409 20.40365 19.74419
38 20.00814667 434.55187 63.024 7127.869 19.96549 20.3574 19.70155
39 19.92846667 434.2207 62.976 7122.437 19.87886 20.28542 19.62112
40 20.05396333 435.37929 63.144 7141.441 20.01366 20.40872 19.73951
41 20.21903 440.1757 63.840 7220.116 20.17261 20.58868 19.8958
42 20.27739 441.99529 64.104 7249.962 20.23044 20.63496 19.96677
43 20.39817667 444.64229 64.488 7293.380 20.35571 20.7583 20.08052
44 20.51892667 446.29645 64.728 7320.513 20.48087 20.88173 20.19418
45 20.66107333 449.93529 65.255 7380.201 20.6158 21.03595 20.33147
46 20.71309333 451.75487 65.519 7410.047 20.66872 21.08223 20.38833
47 20.79458667 453.07887 65.711 7431.764 20.741 21.16447 20.47829
48 21.04749 456.22145 66.167 7483.311 21.00117 21.42149 20.71981
49 21.10294667 459.03387 66.575 7529.443 21.05409 21.47808 20.77667
50 21.24498667 460.52229 66.791 7553.857 21.19384 21.62716 20.91396
51 21.30876333 462.01104 67.007 7578.277 21.25639 21.69908 20.97082
52 21.47666333 465.64987 67.534 7637.964 21.425 21.86362 21.14137
53 21.53676333 466.97387 67.726 7659.681 21.4924 21.91497 21.20292
54 21.62830667 468.79345 67.990 7689.527 21.56953 22.01781 21.29758
55 21.71171333 470.94387 68.302 7724.800 21.65138 22.11033 21.37343
56 21.77181667 472.26687 68.494 7746.501 21.70922 22.16178 21.44445
57 21.91546667 474.74845 68.854 7787.206 21.85853 22.31086 21.57701
58 21.98043333 475.57487 68.974 7800.762 21.92108 22.36736 21.65286
59 22.13399333 478.05645 69.334 7841.466 22.0705 22.53189 21.79959
60 22.17483667 479.37945 69.526 7863.167 22.12341 22.57303 21.82807
61 22.19772667 480.04145 69.622 7874.026 22.14275 22.59871 21.85172
62 22.42784333 485.33445 70.389 7960.846 22.35468 22.8403 22.08855
63 22.52211 487.31945 70.677 7993.406 22.45576 22.92258 22.18799
64 22.60380667 487.98145 70.773 8004.264 22.53771 23.00996 22.26375
65 22.69209333 491.12404 71.229 8055.812 22.6196 23.10765 22.34903
66 22.70506667 490.62845 71.157 8047.682 22.63398 23.11797 22.36325
67 22.86857333 494.59845 71.733 8112.802 22.79778 23.29787 22.51007
68 22.92539 495.09404 71.805 8120.931 22.86999 23.34408 22.5621
69 22.98083667 495.75604 71.901 8131.789 22.91819 23.40068 22.62364
70 23.06391 497.90645 72.213 8167.062 22.99041 23.48292 22.7184
71 23.16692333 500.38804 72.573 8207.767 23.09159 23.59607 22.81311
72 23.25641333 501.71104 72.764 8229.468 23.20241 23.67317 22.89366
73 23.34150333 503.86145 73.076 8264.741 23.26499 23.77594 22.98358
74 23.34804667 502.53845 72.884 8243.040 23.27469 23.78112 22.98833
75 23.57819 505.68104 73.340 8294.587 23.49144 24.02271 23.22042
76 23.57949333 505.01904 73.244 8283.728 23.49141 24.01247 23.2346
77 23.71678667 508.32804 73.724 8338.005 23.63109 24.16149 23.35778
78 23.84080667 510.97504 74.108 8381.424 23.75629 24.29 23.47613
79 23.86017333 509.81645 73.940 8362.419 23.77555 24.30036 23.50461
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Peak-Min

80 23.92392667 510.8096 74.084 8378.710 23.82857 24.37231 23.5709
81 24.00863333 512.29804 74.300 8403.124 23.91527 24.45455 23.65608
82 24.12148667 514.28304 74.588 8435.684 24.03565 24.57792 23.75089
83 24.20306 515.60604 74.780 8457.385 24.09833 24.6653 23.84555
84 24.23389333 514.7796 74.660 8443.829 24.15125 24.68587 23.86456
85 24.30100333 516.93004 74.972 8479.102 24.21393 24.76297 23.92611
86 24.35786333 517.59104 75.068 8489.945 24.26203 24.81443 23.99713
87 24.45877667 518.91504 75.260 8511.662 24.34883 24.91202 24.11548
88 24.43954 518.25304 75.164 8500.803 24.34398 24.90178 24.07286
89 24.5962 521.72645 75.667 8557.777 24.50775 25.06117 24.21968
90 24.64685 522.0576 75.715 8563.209 24.54625 25.11771 24.27659
91 24.64037333 521.72645 75.667 8557.777 24.54628 25.1125 24.26234
92 24.82344667 524.87004 76.123 8609.341 24.72928 25.313 24.42806
93 24.78229 523.8772 75.979 8593.055 24.68593 25.25651 24.40443
94 24.93914667 526.0276 76.291 8628.328 24.84006 25.42613 24.55125
944 22.69595 479.7109 69.574 7868.604 22.84115 23.3287 21.918
945 22.62002 477.5605 69.262 7833.331 22.71106 23.231 21.918
946 22.56824333 475.9064 69.022 7806.200 22.63403 23.1385 21.9322
947 22.47182333 471.7709 68.422 7738.366 22.48947 22.9843 21.9417
948 22.39353333 468.9585 68.014 7692.234 22.3835 22.8507 21.9464
949 22.35843333 467.8009 67.846 7673.247 22.3257 22.789 21.9606
950 22.28901 465.1539 67.462 7629.828 22.20053 22.6964 21.9701
951 22.18514333 462.6724 67.103 7589.125 22.06563 22.5576 21.9322
952 22.13459 461.3494 66.911 7567.424 22.01747 22.5062 21.8801
953 21.96593333 457.3794 66.335 7502.305 21.8537 22.3108 21.7333
954 21.92859 455.8909 66.119 7477.889 21.81035 22.28002 21.6954
955 21.83099 454.5669 65.927 7456.172 21.71887 22.1875 21.5866
956 21.70841 452.0864 65.567 7415.485 21.58397 22.05896 21.4823
957 21.65273667 450.1014 65.279 7382.925 21.54062 21.99209 21.4255
958 21.55149333 448.1164 64.992 7350.366 21.43947 21.88421 21.3308
959 21.45869667 445.4694 64.608 7306.947 21.32868 21.80191 21.2455
960 21.34928333 444.1464 64.416 7285.246 21.2371 21.68365 21.1271
961 21.29036667 442.1614 64.128 7252.687 21.16973 21.61687 21.0845
962 21.20404667 440.8374 63.936 7230.970 21.08297 21.53457 20.9946
963 21.08532 437.5294 63.456 7176.709 20.96737 21.42659 20.862
964 20.99209 436.2064 63.264 7155.008 20.87588 21.32379 20.7766
965 20.86667667 433.5594 62.880 7111.590 20.73623 21.2056 20.6582
966 20.79639667 431.5744 62.592 7079.030 20.69289 21.1233 20.573
967 20.71132667 429.7548 62.328 7049.184 20.6013 21.03078 20.5019
968 20.63951333 428.4308 62.136 7027.467 20.52912 20.95372 20.4357
969 20.42265667 422.4758 61.273 6929.788 20.31237 20.7378 20.2178
970 20.45042667 424.1299 61.513 6956.920 20.3412 20.76858 20.2415
971 20.24838667 419.1678 60.793 6875.527 20.1293 20.57326 20.0426
972 20.34459667 422.3104 61.249 6927.075 20.24005 20.66584 20.1279
973 20.39323 423.7998 61.465 6951.505 20.27865 20.70694 20.1941
974 20.46649333 425.1228 61.657 6973.206 20.36529 20.77379 20.2604
975 20.64961333 430.4158 62.424 7060.026 20.52905 20.97939 20.4404
976 20.74741667 432.2354 62.688 7089.873 20.64465 21.0719 20.5257
977 20.7896 433.5594 62.880 7111.590 20.67844 21.10786 20.5825
978 20.84180667 434.2214 62.976 7122.449 20.73624 21.15928 20.6299
979 20.98076 438.1914 63.552 7187.568 20.86622 21.31356 20.7625
980 21.08654 440.0109 63.816 7217.413 20.977 21.41122 20.8714
981 21.17969667 442.1614 64.128 7252.687 21.06377 21.51402 20.9613
982 21.27101333 444.9728 64.536 7298.802 21.16974 21.6014 21.0419
983 21.39188667 447.7852 64.943 7344.933 21.26604 21.73512 21.1745
984 21.45994333 448.7774 65.087 7361.208 21.34789 21.78644 21.2455
985 21.57433667 452.2518 65.591 7418.198 21.45877 21.90984 21.3544
986 21.63824333 454.2368 65.879 7450.757 21.50693 21.987 21.4208
987 21.73627333 455.3944 66.047 7469.745 21.61772 22.0898 21.5013
988 21.81746333 457.8759 66.407 7510.449 21.71402 22.15657 21.5818
989 21.90917667 459.3644 66.623 7534.864 21.80068 22.26455 21.6623
990 22.01198 462.6724 67.103 7589.125 21.88745 22.37249 21.776
991 21.99101333 462.0114 67.007 7578.283 21.86333 22.36221 21.7475
992 22.12465 465.3194 67.486 7632.543 22.0078 22.49075 21.8754
993 22.18529 465.9814 67.583 7643.402 22.0656 22.56277 21.9275
994 22.32933667 470.1168 68.182 7711.234 22.23418 22.72213 22.0317
995 22.30934667 469.4548 68.086 7700.375 22.21973 22.68611 22.0222
996 22.33457667 470.4469 68.230 7716.648 22.2487 22.73753 22.0175
997 22.40078 473.2594 68.638 7762.781 22.3643 22.83004 22.008
998 22.45755667 475.9064 69.022 7806.200 22.44133 22.93284 21.9985
999 22.49246667 476.5674 69.118 7817.042 22.4895 22.9894 21.9985

1000 22.50081333 476.4019 69.094 7814.327 22.51362 22.99972 21.9891
1001 22.59046333 479.8764 69.598 7871.319 22.63397 23.14362 21.9938
1002 22.62195 481.8614 69.886 7903.878 22.70625 23.1848 21.9748
1003 22.65861 482.3569 69.957 7912.006 22.75923 23.2465 21.9701
1004 22.6951 483.6809 70.150 7933.723 22.8074 23.303 21.9749
1005 22.77826667 486.9889 70.629 7987.984 22.9423 23.4366 21.9559
1006 22.81201667 488.3119 70.821 8009.685 22.98565 23.5087 21.9417
1007 22.84686667 489.8014 71.037 8034.117 23.0483 23.5601 21.9322
1008 22.88162667 491.1244 71.229 8055.817 23.12048 23.6064 21.918
1009 22.94147667 492.9439 71.493 8085.662 23.20243 23.704 21.918
1010 22.89504333 491.7864 71.325 8066.676 23.14463 23.632 21.9085
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Tire Bale 4 - unconfined

Tire Bale 4 - Unconfined
Average Center Deformation
Under a Cyclic Load of 9 kips
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Tire Bale 3 - confined

Tire Bale 3 - Confined
Average Center Deformation
Under a Cyclic Load of 9 kips
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Tire Bale 4 - Unconfined
Compressibility at Static Working Loads

Load SD3 SD4 SD5 Average Deflection
(voltage) (kPa) (psi) (lbf) (voltage) (mm) (change mm) (voltage) (mm) (change mm) (voltage) (mm) (change mm) (mm)

-3.94 8.1306 1.179202 133.3646 -7 -13.33714 0 -5.03 -3.032136 0 -5.02 -2.870978 0 0
-1.51 337.4199 48.9369 5534.633 -1.93 6.668571 20.005713 0.5 20.25635 23.288489 -0.52 14.58767 17.45865 20.25095067
0.35 589.4685 85.49217 9668.936 0 14.28416 27.6213 4 34.9959 38.028039 3.1 28.63219 31.503164 32.38416767
1.25 711.4275 103.1802 11669.41 1.23 19.13762 32.474757 7.51 49.77757 52.809702 5.37 37.43911 40.310083 41.86484733
1.88 796.7988 115.5618 13069.73 1.77 21.2684 34.605543 9.2 56.89466 59.926799 6.81 43.02587 45.896851 46.809731

3 948.57 137.5736 15559.21 3.64 28.64723 41.984376 12.15 69.318 72.350134 9.72 54.3158 57.186778 57.17376267
4.1 1097.631 159.1923 18004.23 5.75 36.97308 50.310225 14.25 78.16173 81.193864 12.24 64.09264 66.963622 66.15590367
4.6 1165.386 169.019 19115.6 7.14 42.45788 55.795026 15.42 83.08895 86.121085 13.05 67.2352 70.106179 70.67409667

Tire Bale 4 - Unconfined
Compressibility at Static Working Loads
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Tire Bale 3 - Confined
Compressibility at Static Working Loads

Load SD3 SD4 SD5 Average Deflection
(voltage) (kPa) (psi) (lbf) (voltage) (mm) (change mm) (voltage) (mm) (change mm) (voltage) (mm) (change mm) (mm)

-3.92 10.8408 1.57227 177.8195 -6.08 -9.706914 0 -5.31 -4.2113 0 -5.18 -3.49173 0 0
-2.29 231.7221 33.60727 3800.892 -6.04 -9.549078 0.157836 -3.52 3.326927 7.538227 -4.5 -0.853534 2.638196 3.444753
1.07 687.0357 99.6426 11269.31 -4.47 -3.354015 6.352899 3.17 31.50052 35.711824 -0.62 14.1997 17.691432 19.91871833
2.86 929.5986 134.8221 15248.02 -2.54 4.261572 13.968486 6.71 46.40853 50.619826 2.02 24.44211 27.93384 30.84071733
3.83 1061.043 153.8859 17404.09 -1.55 8.168013 17.874927 9.25 57.10523 61.316528 3.55 30.37805 33.869781 37.68707867

4.6 1165.386 169.019 19115.6 -0.69 11.56149 21.268401 11.45 66.37009 70.581388 4.61 34.49053 37.982263 43.27735067

Tire Bale 3 - Confined
Compressibility at Static Working Loads
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Bale 6 8 kips
Deformation

Date Time Time Interval LVDT 3 LVDT 4 LVDT 5 Average
(hr) (mm) (mm) (mm) (mm)

5/8/2004 21:45 5/8/2004 21:45 0.00 0 0 0 0
5/8/2004 21:57 5/8/2004 21:57 0.20 29.12074 12.84447 8.108573 16.69126
5/8/2004 21:59 5/8/2004 21:59 0.23 35.5131 17.94014 10.70797 21.38707
5/8/2004 22:04 5/8/2004 22:04 0.32 36.06553 22.362 13.11339 23.84697167
5/9/2004 10:06 5/9/2004 10:06 12.35 38.86712 23.28849 13.61775 25.25778367
5/9/2004 10:35 5/9/2004 10:35 12.83 39.34062 23.87807 14.08331 25.767335
5/9/2004 10:40 5/9/2004 10:40 12.92 39.459 24.00441 14.1997 25.887704
5/9/2004 14:55 5/9/2004 14:55 17.17 42.18167 27.41556 16.8767 28.824643
5/9/2004 15:16 5/9/2004 15:16 17.52 42.22113 27.45768 16.95429 28.87769833

6/2/2004 15:35 6/2/2004 15:35 0.00 0 0 0 0
6/2/2004 16:05 6/2/2004 16:05 0.50 -0.039459 1.979311 2.793384 1.577745333
6/2/2004 17:45 6/2/2004 17:45 2.17 2.36754 6.611741 3.49173 4.157003667
6/2/2004 17:46 6/2/2004 17:46 2.18 15.62576 24.88878 14.66527 18.393271
6/2/2004 17:47 6/2/2004 17:47 2.20 18.42735 28.25782 15.5188 20.73465867
6/2/2004 17:50 6/2/2004 17:50 2.25 19.53221 29.77389 17.76903 22.358374
6/2/2004 17:54 6/2/2004 17:54 2.32 19.84788 30.1108 18.73895 22.89920767
6/2/2004 18:00 6/2/2004 18:00 2.42 19.88734 30.06868 19.04933 23.00178167
6/2/2004 18:01 6/2/2004 18:01 2.43 20.04517 30.27925 19.08812 23.13751433
6/2/2004 18:10 6/2/2004 18:10 2.58 25.72727 38.07015 19.24331 27.680244
6/3/2004 9:26 6/3/2004 9:26 17.85 25.72727 38.07015 25.25685 29.68475567
6/3/2004 9:27 6/3/2004 9:27 17.87 33.69799 47.6298 30.92121 37.41633267
6/3/2004 9:40 6/3/2004 9:40 18.08 39.26171 49.94602 33.40422 40.87064667
6/3/2004 9:47 6/3/2004 9:47 18.20 40.44548 54.66267 39.57294 44.89369633
6/3/2004 9:48 6/3/2004 9:48 18.22 43.20761 57.35791 40.96963 47.178381
6/3/2004 9:58 6/3/2004 9:58 18.38 44.43083 58.57918 44.0346 49.01487067
6/3/2004 10:15 6/3/2004 10:15 18.67 46.04865 60.2637 45.47008 50.59414667
6/3/2004 11:28 6/3/2004 11:28 19.88 47.11405 61.48498 47.52633 52.04178367
6/3/2004 13:32 6/3/2004 13:32 21.95 48.33728 62.62203 48.88422 53.28117533
6/3/2004 14:25 6/3/2004 14:25 22.83 48.85024 63.12739 50.16452 54.04738333
6/3/2004 15:27 6/3/2004 15:27 23.87 49.16591 63.42218 50.70768 54.43192367
6/3/2004 16:35 6/3/2004 16:35 25.00 49.40267 63.67486 51.01806 54.69852633
6/3/2004 17:55 6/3/2004 17:55 26.33 51.2967 68.05461 51.32843 56.89324633
6/4/2004 11:42 6/4/2004 11:42 44.12 51.65183 68.51785 53.81144 57.993707
6/4/2004 17:02 6/4/2004 17:02 49.45 54.3546

Tire Blale 6 Creep at 8 kips Vertiacal Load
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Tire Bale 6 Test 2 Creep at 20 kips Vertical Load

Date Time Change in Time Change in Time Load Cell LVDT 3 LVDT 4 LVDT 5 Average
(days) (hrs) voltage (kPa) (psi) (lbf) Voltage Corr. Displ. (mm) Voltage Corr. Displ. (mm) Voltage Corr. Displ. (mm) (mm) (mm) (mm) (mm)

9/9/2004 16:53 0 0.00 -4.00 0.00 0.00 0.00 -4.77 -33.106101 -5.36 -40.723271 -5.23 -36.895947 0 0 0 0
9/9/2004 16:56 0.002083333 0.05 -3.00 135.51 19.65 2222.74 -2.12 -22.649466 -1.45 -24.257088 -3.33 -29.524517 10.45664 16.46618 7.37143 11.43142
9/9/2004 16:57 0.002777778 0.07 -0.10 528.49 76.65 8668.70 -0.59 -16.612239 2.51 -7.58034 -0.65 -19.126921 16.49386 33.14293 17.76903 22.46861
9/9/2004 16:58 0.003472222 0.08 0.30 582.69 84.51 9557.80 -0.2 -15.073338 3.55 -3.200588 0.1 -16.217146 18.03276 37.52268 20.6788 25.41142
9/9/2004 16:58 0.003472222 0.08 0.57 619.28 89.82 10157.94 -0.01 -14.323617 -5.1 -3.200588 0.37 -15.169627 18.78248 37.52268 21.72632 26.0105
9/9/2004 17:00 0.004861111 0.12 1.50 745.31 108.09 12225.09 0.84 -10.969602 -3.15 5.011447 2.37 -7.410227 22.1365 45.73472 29.48572 32.45231
9/9/2004 17:01 0.005555556 0.13 2.50 880.82 127.75 14447.84 1.7 -7.576128 -2 9.854442 3.8 -1.862256 25.52997 50.57771 35.03369 37.04713
9/9/2004 17:01 0.005555556 0.13 2.57 890.30 129.12 14603.43 1.8 -7.181538 -1.28 12.886578 -5.05 -1.862256 25.92456 53.60985 35.03369 38.18937
9/9/2004 17:04 0.007638889 0.18 3.50 1016.33 147.40 16670.58 2.67 -3.748605 0.62 20.888048 -2.89 6.517896 29.3575 61.61132 43.41384 44.79422
9/9/2004 17:05 0.008333333 0.20 4.20 1111.18 161.16 18226.50 3.39 -0.907557 2.05 26.910207 -1.6 11.522709 32.19854 67.63348 48.41866 49.41689
9/9/2004 17:05 0.008333333 0.20 4.35 1131.51 164.11 18559.91 -5.35 -0.907557 2.54 28.973744 -1.09 13.501356 32.19854 69.69702 50.3973 50.76429
9/9/2004 17:11 0.0125 0.30 4.42 1140.99 165.48 18715.50 -5.11 0.039459 2.88 30.405586 -0.7 15.014439 33.14556 71.12886 51.91039 52.0616
9/9/2004 17:13 0.013888889 0.33 4.49 1150.48 166.86 18871.10 -4.98 0.552426 3.09 31.289959 -0.49 15.829176 33.65853 72.01323 52.72512 52.79896
9/9/2004 17:13 0.013888889 0.33 4.52 1154.55 167.45 18937.78 -4.95 0.670803 -5.26 31.289959 -0.46 15.945567 33.7769 72.01323 52.84151 52.87722
9/9/2004 17:18 0.017361111 0.42 4.66 1173.52 170.20 19248.96 -4.73 1.538901 -5.17 31.668976 -0.03 17.613838 34.645 72.39225 54.50979 53.84901
9/9/2004 17:22 0.020138889 0.48 4.59 1164.03 168.82 19093.37 -4.66 1.815114 -5.16 31.711089 0.06 17.963011 34.92122 72.43436 54.85896 54.07151
9/9/2004 17:45 0.036111111 0.87 4.60 1165.39 169.02 19115.60 -4.6 2.051868 -5.1 31.963767 0.13 18.23459 35.15797 72.68704 55.13054 54.32518
9/10/2004 9:08 0.677083333 16.25 4.39 1136.93 164.89 18648.82 -3.68 5.682096 -4.33 35.206468 1.67 24.209328 38.7882 75.92974 61.10528 58.60774

9/10/2004 11:49 0.788888889 18.93 4.37 1134.22 164.50 18604.37 -3.65 5.800473 -4.31 35.290694 1.7 24.325719 38.90657 76.01397 61.22167 58.71407
9/10/2004 17:05 1.008333333 24.20 4.32 1127.44 163.52 18493.23 -3.62 5.91885 -4.32 35.248581 1.73 24.44211 39.02495 75.97185 61.33806 58.77829
9/12/2004 20:52 3.165972222 75.98 3.78 1054.27 152.90 17292.95 -3.43 6.668571 -4.48 34.574773 1.93 25.21805 39.77467 75.29804 62.114 59.06224
9/12/2004 20:58 3.170138889 76.08 4.54 1157.26 167.84 18982.23 -3.15 7.773423 -3.59 38.32283 2.75 28.399404 40.87952 79.0461 65.29535 61.74033
9/12/2004 21:04 3.174305556 76.18 4.64 1170.81 169.81 19204.51 -3.1 7.970718 -3.42 39.038751 2.92 29.058953 41.07682 79.76202 65.9549 62.26458
9/13/2004 9:07 3.676388889 88.23 3.99 1082.72 157.03 17759.72 -3.29 7.220997 -4.15 35.964502 2.28 26.575945 40.3271 76.68777 63.47189 60.16225

9/13/2004 13:54 3.875694444 93.02 4.34 1130.15 163.91 18537.69 -3.15 7.773423 -3.74 37.691135 2.73 28.32181 40.87952 78.41441 65.21776 61.5039
9/13/2004 16:27 3.981944444 95.57 4.34 1130.15 163.91 18537.69 -3.14 7.812882 -3.68 37.943813 2.76 28.438201 40.91898 78.66708 65.33415 61.64007
9/13/2004 17:35 4.029166667 96.70 4.34 1130.15 163.91 18537.69 -3.13 7.852341 -3.7 37.859587 2.75 28.399404 40.95844 78.58286 65.29535 61.61222
9/14/2004 8:25 4.647222222 111.53 4.09 1096.28 159.00 17982.00 -3.19 7.615587 -3.93 36.890988 2.54 27.584667 40.72169 77.61426 64.48061 60.93885

9/14/2004 10:15 4.723611111 113.37 4.15 1104.41 160.17 18115.36 -3.16 7.733964 -3.84 37.270005 2.62 27.895043 40.84007 77.99328 64.79099 61.20811
9/14/2004 16:30 4.984027778 119.62 4.03 1088.15 157.82 17848.63 -3.21 7.536669 -3.97 36.722536 2.51 27.468276 40.64277 77.44581 64.36422 60.8176
9/15/2004 8:00 5.629861111 135.12 4.02 1086.79 157.62 17826.41 -3.2 7.576128 -4 36.596197 2.53 27.54587 40.68223 77.31947 64.44182 60.8145

9/15/2004 16:35 5.9875 143.70 4.17 1107.12 160.57 18159.82 -3.11 7.931259 -3.85 37.227892 2.68 28.127825 41.03736 77.95116 65.02377 61.33743
9/16/2004 8:20 6.64375 159.45 3.97 1080.01 156.64 17715.27 -3.18 7.655046 -4.04 36.427745 2.56 27.662261 40.76115 77.15102 64.55821 60.82346

9/16/2004 16:35 6.9875 167.70 4.07 1093.57 158.60 17937.54 -3.13 7.852341 -3.95 36.806762 2.63 27.93384 40.95844 77.53003 64.82979 61.10609
9/17/2004 8:50 7.664583333 183.95 3.86 1065.11 154.48 17470.77 -3.21 7.536669 -4.17 35.880276 2.48 27.351885 40.64277 76.60355 64.24783 60.49805

Tire Bale 6 Test 2 Creep at 20 kips Vertical Load
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Peak

Tile Bale 0 Creep at 20 kips Vertical Load

Reading Time LC LC LC LVDT 3 LVDT 4 LVDT 5 Average
# (hrs) (kPa) (psi) (lbf) (mm) (mm) (mm) (mm)
1 0.0005561 28.5841 4.146 468.859 0 0 19.49326 6.497753
10 0.005561 28.5841 4.146 468.859 0.03854 0 0.01894 0.01916
20 0.011122 29.2458 4.242 479.713 0 0 0.03788 0.012627
50 0.027805 115.925 16.813 1901.495 0.05781 0.06169 6.78189 2.300463

100 0.05561 145.038 21.035 2379.030 0.03854 0.14394 12.0104 4.064293
200 0.11122 292.59 42.435 4799.297 0.19268 1.95348 32.20456 11.45024
400 0.22244 494.4 71.704 8109.546 0.65509 7.17648 49.33647 19.05601
500 0.27805 613.5 88.978 10063.120 1.3487 14.59972 62.33196 26.09346
1000 0.5561 1130.93 164.022 18550.423 8.18852 48.23498 94.63786 50.35379
2000 1.1122 1144.82 166.036 18778.258 9.151872 50.70254 99.12756 52.99399
3000 1.6683 1114.38 161.621 18278.957 9.132605 50.59972 98.96211 52.89815
4000 2.2244 1118.35 162.197 18344.076 9.248208 50.90814 98.96211 53.03949
5000 2.7805 1122.99 162.870 18420.185 9.402344 51.21664 99 53.20633
6000 3.3366 1129.6 163.829 18528.608 9.5179469 51.56614 99.01894 53.36768
7000 3.8927 1138.2 165.076 18669.672 9.6142823 51.93634 99.03788 53.5295
8000 4.4488 1105.78 160.374 18137.893 9.5179469 51.48394 99 53.33396
9000 5.0049 1092.55 158.455 17920.884 9.4794127 51.29884 99 53.25942

10000 5.561 1098.5 159.318 18018.481 9.5179469 51.42224 99.03788 53.32602
20000 11.122 1089.9 158.071 17877.416 9.82622 52.05974 99.09472 53.66023
30000 16.683 1127.62 163.542 18496.130 10.192295 53.27294 99.20838 54.22454
40000 22.244 1081.96 156.920 17747.178 10.038158 52.67654 99.15155 53.95542
50000 27.805 1096.52 159.031 17986.003 10.134494 53.06724 99.15155 54.11776
60000 33.366 1072.04 155.481 17584.462 10.134494 52.92334 99.17049 54.07611
70000 38.927 1081.96 156.920 17747.178 10.250096 53.19064 99.20838 54.21637
80000 44.488 1065.42 154.521 17475.876 10.192295 53.04674 99.22732 54.15545
90000 50.049 1059.47 153.658 17378.279 10.153761 52.86164 99.15155 54.05565
100000 55.61 1076.67 156.152 17660.407 10.250096 53.25234 99.20838 54.23694
120000 66.732 1046.89 151.833 17171.932 10.211562 52.96444 99.20838 54.12813
140000 77.854 1093.21 158.551 17931.710 10.500568 54.25994 99.3031 54.68787
160000 88.976 1089.24 157.975 17866.591 10.57764 54.42444 99.35993 54.78734
180000 100.098 1100.49 159.607 18051.122 10.65471 54.75344 99.39782 54.93532
200000 111.22 1068.73 155.001 17530.169 10.5969 54.21884 99.3031 54.70628
250000 139.025 1130.26 163.925 18539.434 11.13638 56.25454 99.77669 55.72254
300000 166.83 1111.08 161.143 18224.828 11.09785 56.06944 99.68198 55.61642
350000 194.635 1087.92 157.784 17844.939 11.07858 55.71994 99.58726 55.46193
400000 222.44 1052.19 152.602 17258.867 10.86664 55.04134 99.41676 55.10825
450000 250.245 1070.71 155.288 17562.647 10.86664 55.26754 99.51148 55.21522
500000 278.05 1040.28 150.875 17063.509 10.73177 54.44504 99.41676 54.86452
550000 305.855 1076.01 156.057 17649.581 11.02078 55.43204 99.81458 55.42247
600000 333.66 1052.85 152.698 17269.692 10.96298 54.83574 99.77669 55.1918
650000 361.465 1017.78 147.611 16694.446 10.82811 54.01314 99.51148 54.78424
700000 389.27 986.021 143.005 16173.509 10.69324 52.71774 99.34099 54.25066
750000 417.075 963.524 139.742 15804.496 10.5969 52.05974 99.3031 53.98658
800000 444.88 955.584 138.591 15674.257 10.55837 51.73064 99.3031 53.86404
850000 472.685 965.509 140.030 15837.055 10.57764 51.71014 99.3031 53.86363
900000 500.49 975.434 141.470 15999.853 10.65471 51.89514 99.32204 53.9573
950000 528.295 953.599 138.303 15641.698 10.5969 51.48394 99.3031 53.79465

1000000 556.1 949.629 137.727 15576.579 10.57764 51.27834 99.28415 53.71338
1050000 583.905 954.26 138.399 15652.540 10.67397 51.50454 99.32204 53.83352
1100000 611.71 953.599 138.303 15641.698 10.67397 51.40164 99.32204 53.79922
1150000 639.515 970.802 140.798 15923.875 10.71251 51.79234 99.35993 53.95493
1200000 667.32 964.185 139.838 15815.338 10.73177 51.83354 99.37887 53.98139
1250000 695.125 979.404 142.046 16064.972 10.78957 51.83354 99.39782 54.00698
1300000 722.93 1091.23 158.264 17899.232 11.44466 54.15714 101.974181 55.85866
1350000 750.735 1084.61 157.304 17790.646 11.59879 53.74584 102.694047 56.01289
1400000 778.54 1069.39 155.096 17540.995 11.67586 53.60194 102.542496 55.9401
1450000 806.345 1082.62 157.015 17758.004 11.79146 53.70474 103.205531 56.23391
1500000 834.15 1074.68 155.864 17627.766 11.79146 53.54024 103.413913 56.24854
1550000 861.955 1057.48 153.369 17345.637 11.79146 53.12894 103.016092 55.97883
1600000 889.76 1038.95 150.682 17041.694 11.75293 52.57374 102.353058 55.55991
1650000 917.565 1005.87 145.884 16499.089 11.59879 51.81294 101.12171 54.84448
1700000 945.37 924.485 134.080 15164.147 11.30979 49.71551 99.85247 53.62592
1750000 973.175 924.485 134.080 15164.147 11.30979 49.57157 99.79564 53.559
1800000 1000.98 851.701 123.524 13970.285 11.19418 46.56938 99.41676 52.39344
1850000 1028.785 29.2458 4.242 479.713 0.05781 43.64943 73.28818 38.99847
1900000 1056.59 33.2158 4.817 544.832 0.03854 43.54662 74.23537 39.27351
1950000 1084.395 20.6441 2.994 338.621 -0.09633 17.95144 72.09472 29.98328
1989000 1106.0829 19.9824 2.898 327.767 -0.07706 17.76644 72.01894 29.90277
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Peak

Tile Bale 0 Creep at 20 kips Vertical Load
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Pull Out Test 
Project No. : GTX-G0581 Test By: JW, SS, & HJ
Project Name: Tire Bale Study Test Date: 9/3/2004
Tire Bale No.: 3

Normal Load, lbs 2000 Normal Load, lbs 4000 Normal Load, lbs 6000
Loads Horizontal Deflection Loads Horizontal Deflection Loads Horizontal Deflection
Initial Final Increment Total Increment Initial Final Increment Total Increment Initial Final Increment Total Increment
(lbs) (lbs) (lbs) (mm) (mm) (lbs) (lbs) (lbs) (mm) (mm) (lbs) (lbs) (lbs) (mm) (mm)

90 155 65 2 2 204 384 180 1 1 245 600 355 3 1
144 262 118 4 2 334 439 105 3 2 540 914 374 8 5
207 337 130 7 3 420 602 182 5 2 824 1217 393 14 6
244 408 164 11 4 510 752 242 9 4 1097 1552 455 19 5
342 498 156 15 4 634 889 255 14 5 1404 1899 495 28 9
450 614 164 20 5 787 1095 308 18 4 1724 2230 506 37 9
532 710 178 24 4 964 1295 331 24 6 2079 2651 572 47 10
617 849 232 26 2 1145 1540 395 28 4 2405 3004 599 57 10
760 1009 249 30 4 1394 1767 373 35 7 2800 3407 607 69 12
895 1195 300 36 6 1600 2024 424 43 8 3209 3942 733 81 12

1052 1339 287 41 5 1847 2319 472 50 7
1205 1552 347 47 6 2130 2662 532 59 9
1394 1726 332 56 9 2340 2889 549 70 11
1572 1942 370 66 10 2580 3124 544 80 10
1752 2179 427 77 11 2922 3462 540 92 12
1857 2313 456 90 13

2000 456
4000 540
6000 733
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Project No : GTX G0581 Project Name: Tire Bale Study
Tested By: HJ, SD, DC & JW Reviewed By: JW
Test Date: 12/16/2004 - 12/27/04 Review Date:

Tire Bale 0
Date/Time Elapsed Average

Time Swell Swell Swell Swell
(hour) (voltage) (mm) (mm) (voltage) (mm) (mm) (voltage) (mm) (mm) (mm) voltage kPa kPa psi lbs

12/16/04 15:35 0.00 -2.13 5.9 0.0 1.55 24.7 0.0 3.2 30.3 0.0 0.0 -3.76 32.5 0.0 0.0 0.0
12/16/04 16:00 0.42 -2.15 5.8 0.1 2.36 28.1 -3.4 3.48 31.5 -1.2 -1.5 -3.61 52.8 20.3 3.0 333.7
12/16/04 16:40 1.08 -2.15 5.8 0.1 2.4 28.3 -3.6 3.18 30.2 0.1 -1.1 -3.6 54.2 21.7 3.1 355.9
Release of the vertical load Swell Presuure= 60.3 psi
12/16/04 16:50 1.25 -3.72 -0.4 6.3 -0.37 16.6 8.1 -4.72 -3.6 33.9 16.1

12/17/04 7:05 15.50 -4.7 -4.3 10.1 -2 9.7 15.0 -5.26 -5.9 36.2 20.4
12/20/04 8:22 88.78 -4.83 -4.8 10.7 -2.55 7.4 17.3 -5.25 -5.9 36.2 21.4

Tire Bale 4
12/23/04 14:00 0.00 -5.9 -9.0 0.0 -5.23 -5.15 -6.0 0.0 0
12/23/04 14:07 0.12 0.67 16.9 25.9 LVDT was pushed out -2.05 6.2 12.2 32.04071
12/23/04 14:21 0.35 1.28 19.3 28.3 -1.68 7.7 13.7 35.1777
12/23/04 16:20 2.33 1.36 19.7 28.6 -1.2 9.5 15.6 36.44039

12/27/04 9:30 91.50 0.79 17.4 26.4 -0.5 12.3 18.3 35.57229

Rebounf of Tire Bales
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a study performed at the Georgia Insitute of Technolgy  
 

The objective of this experimental investigation was to find the vertical and 
circumferential deformations resulting from a vertical compression load for three tire bales. 
Following is a report on the four tests conducted. The first two tests were conducted on tire bale 
No. 7, and the next two on tire bales Nos. 2 and 8. All data are presented in the Appendix. Load 
versus Vertical and Circumferential graphs are given in the main body of the report.   
 
Test Setup 
 
 A structural steel frame with columns forming an eight foot square was positioned and 
posttensioned to the concrete structural test floor. Two square concrete platens measuring 66” 
wide by 20” deep were used for top and bottom load bearing surfaces positioned in the middle of 
the steel frame as shown in Figure 1. In the first test it was found that the top platen was over 
rotating due to the non-uniformity of the tire bale. The problem was mitigated by attaching 
outriggers to all four sides of the top platen. A 1000 kip actuator was positioned in the center of 
the columns and applied the load to the top platen which distributed the load evenly to the tire 
bale. A 700 kip load cell was attached to the actuator to measure the applied load. Four 40-in. 
string potentiometers were positioned at the corners to measure vertical deformation. Vertical 
deformation at the corners also was measured using a measuring tape accurate to 1/16-inch.  The 
circumference was measured by hand using a flexible metal measuring tape threaded through eye 
hooks around the middle of the tire bales to ensure consistency of measurements. Measurements 
were taken every 10 kips through 100 kips and then every 25 kips thereafter. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Test setup 

Barry Christopher
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Test Results: Tire Bale #7, Test No. 1 
 
 Test No.1 on Tire bale #7 was conducted on March 24th. Bale dimensions were recorded 
as well as vertical displacements at the four corners of the platen and circumference was taken at 
the middle and top and bottom quarter heights. Initial dimensions are given in Table 1. Figure 2 
shows the initial test setup. Figures 3 through 5 present load versus vertical and circumferential 
graphs. 
 
Table 1: Initial dimensions of Tire Bale # 7 
 

Date 3/24/2004     
Tire Bale # 7     

Test # 1     
      
 Dimensions (in) Average 

Height 30.875 31.875 30.063 32.625 31.359 
Length 65.500 63.750   64.625 
Width 61.000 60.750   60.875 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Tire Bale # 7, Test # 1 
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Figure 3: Tire Bale #7, Test No.1, Load vs. Average Vertical Deformation 

 

 
Figure 4: Tire Bale #7, Test No.1, Load vs. Circumferential Deformation 
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Figure 5: Tire Bale #7, Test No.1, Vertical Deformation vs. Circumferential Deformation 
 
 
 

Test # 1 on Tire Bale #7 loaded the bale to 42 kips, where it was observed that the platen 
rotated and would have to be supported to inhibit that rotation. 
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Test Results: Tire Bale #7, Test #2 
 
 Test #2 was conducted on May 24th on Tire bale #7. Bale dimensions were recorded as 
well as vertical displacements at the four corners of the platen and the circumference was taken 
at the middle. Circumferential measurements were only taken at the middle due to the inaccuracy 
of the results from Test # 1 at the top and bottom quarter heights. Initial dimensions are given in 
Table 2. Figure 6 shows the test setup. Figures 7 through 9 present load versus vertical and 
circumferential graphs. 
 
Table 2: Initial dimensions of Tire Bale # 7 
 

Date 5/24/2004     
Tire Bale # 7     

Test # 2     
      
 Dimensions (in) Average 

Height 30.188 30.250 30.500 30.375 30.328 
Length 65.500 63.750   64.625 
Width 61.000 60.750   60.875 

 

 
Figure 6: Circumferential measurements. Outriggers mitigated rotation problem. 
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Figure7: Tire Bale #7, Test No.2, Load vs. Average Vertical Deformation 

 
 

 
Figure 8: Tire Bale #7, Test No.2, Load vs. Circumferential Deformation 
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Figure 9: Tire Bale #7, Test No.2, Vertical Deformation vs. Circumferential Deformation 

 
 
 

The second test on Tire Bale # 7 loaded the bale to 460 kips. Two of the bale’s metal 
wires broke above 400 kips. Bale # 7 had a permanent vertical deformation of 1.2 in. and a 
permanent circumferential deformation of 7.75 in. 
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Test Results: Tire Bale #2 

 
Tire Bale # 2 was tested on July 21st. Bale dimensions were recorded as well as vertical 

displacements at the four corners of the platen and circumference was taken at the middle. Initial 
dimensions are given in Table 3. Figure 10 shows Tire Bale #2 loaded to 500 kips. Figures 11 
through 13 present load versus vertical and circumferential graphs. 
 
Table 3: Initial dimensions of Tire Bale # 2 
 

Date 7/21/2004     
Tire Bale # 2     

      
  Dimensions (in) Average 

Height 34.125 33.8125 34.5625 33.8125 34.08 
Length 68.25 62.875   65.56 
Width 62.1875 60.5   61.34 

  

 
 

Figure 10: Tire Bale # 2 loaded to 500 kips 
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Load Vs. Average Vertical Deformation
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Figure 11: Tire Bale #2, Load vs. Average Vertical Deformation 
 
 

 

 
Figure 12: Tire Bale #2, Load vs. Circumferential Deformation 
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Vertical Deformation Vs. Circumferential Deformation
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Figure 13: Tire Bale #2, Vertical Deformation vs. Circumferential Deformation 
 

 
Tire Bale # 2 was loaded to 510 kips. Two of the bale’s metal wires broke. Bale # 2 

underwent 5.3 in. of permanent vertical deformation and 16 in. of permanent circumferential 
deformation. 
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Test Results: Tire Bale #8 
 

Tire Bale # 8 was tested on July 22nd.  Bale dimensions were recorded as well as vertical 
displacements at the four corners of the platen and circumference was taken at the middle. Initial 
dimensions are given in Table 4. Figure 14 shows Tire Bale #8 loaded to 592 kips. Figures 15 
through 17 present load versus vertical and circumferential graphs. 
 
Table 4: Initial dimensions of Tire Bale # 8 
 

Date 7/22/2004     
Tire Bale# 8     

      
  Dimensions (in) Average 

Height 31.5 32 31.875 31.5 31.72 
Length 67.5 64   65.75 
Width 61 61.5   61.25 

 
 

 
Figure 14: Tire Bale # 8 loaded to 592 kips 
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Figure 15: Tire Bale #8, Load vs. Average Vertical Deformation 

 

 
Figure 16: Tire Bale #8, Load vs. Circumferential Deformation 
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Figure 17: Tire Bale #2, Vertical Deformation vs. Circumferential Deformation 

 
 
 
Tire Bale # 8 was loaded to 592 kips. Metal wires broke at 62 kips and 175 kips. Bale # 8 

underwent 3 in. of permanent vertical deformation and 19.4 in. of permanent circumferential 
deformation. 
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Appendix:  Experimental Data 
 

 

Date 3/24/2004
Tire Bale # 7

Test # 1

Dimensions (in) Average
Height 30.875 31.875 30.063 32.625 31.359
Width 65.500 63.750 64.625
Length 61.000 60.750 60.875

Applied Actual Vert 1 Vert 2 Vert 3 Vert 4 Average Vertical Circum Bot Circum Mid Circum Top
w/o Platten 0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
w/ Platten 9 1.500 0.875 -0.188 2.500 1.172 0.250 0.750 0.500

10 19 2.438 1.875 0.625 3.500 2.109 5.750 2.000 0.375
20 29 3.750 3.125 2.063 4.813 3.438 10.500 3.750 4.875
30 39 5.500 5.375 4.188 6.438 5.375 13.625 7.875 8.000
33 42 6.250 8.875 8.000 7.438 7.641 13.875 12.000 11.750

15.5 24.5 5.375 7.938 6.813 6.625 6.688 12.125 10.750 11.250
8.1 17.1 4.625 6.688 5.688 5.750 5.688 10.875 9.000 10.250

w/ Platten 9 3.813 3.750 2.813 5.000 3.844 7.000 6.375 4.250
w/o Platten 0 2.063 1.875 0.313 1.813 1.516 5.000 5.000 -2.875
w/o Platten 0 5.000 0.000 -1.500
w/o Platten 0 0.25 0.75 0.5

Date 5/24/2004
Tire Bale # 7

Test # 2

Dimensions (in) Average
Height 30.188 30.250 30.500 30.375 30.328
Width 65.5 63.75 64.625
Length 61.0 60.75 60.875

Applied Actual Vert 1 Vert 2 Vert 3 Vert 4 Average Vertical Circum Mid
w/o Platten 0.0 0 0 0 0 0.00 0.00
w/ Platten 9.7 2.9375 1.625 1.5 2.75 2.20 0.81

10 19.7 4.6875 3.375 3.125 4.3125 3.88 2.50
20 29.7 6.9375 5.625 5.375 6.5625 6.13 5.50
30 39.7 9.8125 8.375 7.875 9.125 8.80 9.63
40 49.7 11.6875 10.25 9.625 11.0625 10.66 12.38
50 59.7 12.4375 11.375 10.75 12.125 11.67 14.25
60 69.7 12.5625 12.1875 11.375 12.125 12.06 14.88
70 79.7 13.6875 12.875 12.25 12.875 12.92 15.88
80 89.7 14.375 13.625 13 13.625 13.66 17.25
90 99.7 14.9375 14.25 13.5 14.25 14.23 18.13
100 109.7 15.4375 14.6875 14 14.6875 14.70 19.00
125 134.7 16.1875 15.5 14.5 15.5625 15.44 20.50
150 159.7 16.8125 15.9375 15.25 16 16.00 21.25
175 184.7 17.1875 16.25 15.5 16.625 16.39 21.88
200 209.7 17.6875 16.625 15.75 17.0625 16.78 22.75
225 234.7 18.1875 16.875 16.25 17.5 17.20 23.38
250 259.7 18.1875 17 16.5 17.6875 17.34 23.50
275 284.7 18.4375 17.25 16.75 18 17.61 23.63
300 309.7 18.6875 17.375 16.75 18.375 17.80 24.00
325 334.7 18.9375 17.375 16.75 18.4375 17.88 24.13
350 359.7 19.1875 17.5 16.875 18.625 18.05 24.38
375 384.7 19.1875 17.8125 16.875 18.875 18.19 24.75
400 409.7 19.4375 17.625 17 19 18.27 25.13
425 434.7 25.25
450 459.7 25.50

w/o platten 0 1.1875 0.875 1.125 1.5625 1.19 7.75

Load (kips) Deformation (in)

Load (kips) Deformation (in)
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Date 7/21/2004
Tire Bale# 2

Measured Actual Vert 1 Vert 2 Vert3 Vert 4 Average Circum
w/o platen 0 0 0 0 0 0.00 0
w/platen 9.72 5.75 4.8125 6.0625 5.8125 5.61 0.375

10 19.72 6.375 5.5625 6.6875 6.8125 6.36 0.875
20 29.72 7 6.1875 7.3125 7.5625 7.02 1.625
30 39.72 7.5 6.5625 7.5625 8.0625 7.42 2
40 49.72 8.25 7.3125 8.3125 8.5625 8.11 2.875
50 59.72 9.125 8.0625 9.1875 9.6875 9.02 4.125
60 69.72 9.625 8.5625 9.6875 10.3125 9.55 5.125
70 79.72 10.875 9.8125 11.0625 11.3125 10.77 7.375
80 89.72 12.875 12.0625 13.3125 13.3125 12.89 11.375
90 99.72 14.125 13.3125 15.0625 14.3125 14.20 13.625
100 109.72 15.125 14.5625 16.3125 15.5625 15.39 15.5
125 134.72 16.125 15.8125 17.5625 16.9375 16.61 17.5
150 159.72 17 16.6875 18.3125 17.4375 17.36 18.75
175 184.72 17.625 17.3125 18.8125 17.8125 17.89 19.75
200 209.72 18.125 17.8125 19.3125 18.5625 18.45 20.375
225 234.72 18.5 18.1875 19.5625 18.9375 18.80 20.875
250 259.72 18.75 18.5625 19.9375 19.3125 19.14 21.25
275 284.72 19.125 18.8125 20.3125 19.5625 19.45 21.5
300 309.72 19.25 18.9375 20.5625 19.8125 19.64 21.875
325 334.72 19.5 19.0625 20.8125 19.9375 19.83 22.125
350 359.72 19.625 19.3125 20.9375 20.0625 19.98 22.5
375 384.72 19.875 19.5625 21.0625 20.3125 20.20 22.375
400 409.72 20 19.6875 21.1875 20.4375 20.33 22.5
425 434.72 20.125 19.8125 21.3125 20.6875 20.48 22.875
450 459.72 20.25 19.9375 21.5625 20.8125 20.64 23.125
475 484.72 20.25 20.0625 21.5625 20.8125 20.67 23.125
500 509.72 20.375 20.0625 21.6875 21.0625 20.80 23.25
433 442.56 20.375 20.0625 21.5625 20.8125 20.70 23.125
371 380.55 20.25 19.9375 21.5625 20.8125 20.64 22.875
326 335.59 20.125 19.75 21.4375 20.5625 20.47 22.875
275 284.75 19.875 19.5625 21.1875 20.5625 20.30 22.625
226 235.60 19.625 19.4375 20.6875 20.0625 19.95 22.375
176 185.29 19.375 18.9375 20.4375 19.5625 19.58 22
124 133.75 18.75 18.3125 19.9375 19.0625 19.02 21.5
89 98.48 18.125 17.6875 19.5625 18.5625 18.48 20.875
69 78.80 17.625 17.1875 18.5625 17.8125 17.80 20.375
52 61.71 16.875 16.4375 17.8125 16.9375 17.02 19.625
30 39.26 15.125 14.8125 16.5625 15.3125 15.45 18.125
20 29.50 14.375 13.8125 15.5625 14.5625 14.58 17.125
29 38.26 14.5 14.0625 15.8125 14.8125 14.80 17.25
12 21.74 13.125 12.6875 14.3125 13.1875 13.33 15.75

w/ platen 9.72 10.75 10.3125 11.8125 10.1875 10.77 13.875
w/o platen 0 6 6.3125 7.0625 6.3125 6.42 12.75
w/o platen 0 5.375 4.8125 5.5625 5.0625 5.20 14.875
w/o platen 0 5.5 4.8125 5.5625 5.1875 5.27 16

Load (kips) Deformation (in)

Barry Christopher
 D-39



Page 16 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Date 7/22/2004
Tire Bale# 8

Measured Actual Vert 1 Vert 2 Vert3 Vert 4 Average Circum
w/o platen 0 0 0 0 0 0.00 0
w/platen 9.72 1 2.25 1.875 1.25 1.59 0.375

11.6 21.3 1.5 2.5 2.125 1.625 1.94 0.75
21.0 30.7 2.25 3 2.625 2.375 2.56 1.375
29.5 39.3 2.75 3.5 3.375 3 3.16 2.125
39.6 49.3 3.5 4.125 4.125 3.75 3.88 3
51.8 61.5 4.375 4.875 5.125 4.75 4.78 4.25
58.6 68.3 5 5.375 5.375 5.375 5.28 5.125
69.8 79.5 6.5 6.5 6.625 6.625 6.56 7.25
78.4 88.1 8.125 7.875 8.25 8.125 8.09 10
89.2 99.0 10.125 9.875 10.125 10.25 10.09 14
99.1 108.8 11.5 11.25 11.375 11.625 11.44 16.75
124.7 134.4 13 12.875 13 13.125 13.00 19.5
151.0 160.7 13.875 14 14 14.125 14.00 21.375
125.2 134.9 13.125 13.25 13.375 13.25 13.25 20.125
175.6 185.3 14.5 14.75 14.875 14.75 14.72 22.625
200.4 210.2 15.125 15.25 15.375 15.25 15.25 23.75
226.1 235.8 15.5 15.75 15.875 15.625 15.69 24.625
250.7 260.4 15.875 16.125 16.25 16 16.06 25.125
275.7 285.4 16.25 16.5 16.625 16.5 16.47 25.75
300.5 310.3 16.5 16.625 16.875 16.5 16.63 26.25
325.5 335.2 16.75 17 17 16.875 16.91 26.625
349.4 359.1 17 17.125 17.375 17.25 17.19 27.125
375.8 385.6 17.125 17.25 17.375 17.25 17.25 27.375
399.4 409.1 17.375 17.5 17.75 17.375 17.50 27.625
424.7 434.5 17.5 17.625 17.875 17.625 17.66 27.875
451.5 461.2 17.5 17.75 18 18 17.81 28.125
475.6 485.3 17.75 17.875 18.25 17.75 17.91 28.375
502.0 511.7 17.75 18 18.375 18 18.03 28.625
525.4 535.2 18 18 18.375 18.375 18.19 28.75
552.9 562.6 18 18.125 18.375 18.375 18.22 29.125
582.1 591.9 18.125 18.25 18.375 18.5 18.31 29.125
523.4 533.1 18.25 18.25 18.25 18.5 18.31 29.25
478.5 488.2 18.125 18.25 18.25 18.5 18.28 29.125
428.2 438.0 18 18.125 18.25 18.375 18.19 29
374.2 384.0 17.875 18 18.125 18.25 18.06 28.875
326.3 336.0 17.75 17.875 17.875 17.875 17.84 28.625
276.3 286.0 17.625 17.75 17.75 18 17.78 28.375
227.8 237.5 17.375 17.5 17.5 17.5 17.47 28.125
175.1 184.9 17 17.125 17.125 17.125 17.09 27.75
124.3 134.0 16.5 16.5 16.625 16.5 16.53 26.875
90.4 100.1 15.75 15.875 15.875 16 15.88 26.25
70.5 80.2 15.125 15.25 15.375 15.125 15.22 25.625
52.7 62.4 14.25 14.25 14.375 14.375 14.31 24.375
30.2 39.9 12.625 12.75 12.875 12.625 12.72 22.375
30.6 40.3 12.375 12.375 12.375 12.5 12.41 21.875
10.5 20.2 11.875 12.125 12.375 12 12.09 21.625
11.8 21.5 10.5 10.625 10.75 10.5 10.59 19.75

w/ platen 8 8 8 8.125 7.75 7.97 16.625
w/o platen 0 3.625 4.75 4.375 3.75 4.13 15.375
w/o platen 0 2.5 3.5 3.125 2.75 2.97 19.375

Load (kips) Deformation (in)
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APPENDIX E Specifications for Tire Shreds and Tire Bale Applications

Beneficial Use Determination, Baled Tires in Road Construction,
New York State DEP, January 2003

Texas DOT Preliminary Draft Specification for Tire Bale Embankments

Summary page for ASTM D 6270-98 Standard Practice for Use of Scrap Tires
in Civil Engineering Applications
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SPECIAL SPECIFICATION

ITEM 1XXX

TIRE BALE EMBANKMENT

132.1. Description. Construct embankment courses composed of scrap tire bales and soil in
accordance with the typical sections, lines and grades shown on the plans or as directed by the
Engineer.

132.2. Material. Furnish materials of uniform quality that meet the requirements of the plans
and specifications. Notify the Engineer of the proposed sources of materials to be used at least
30 days prior to production. Do not change any material source without written approval from
the Engineer. When a source change is approved, the Engineer will verify that the specification
requirements are met be furnished from required excavation in the areas shown in the plans or
from off right of way sources obtained by the Contractor and meeting the requirements herein.
All embankment shall conform to the following type:

Type A. Furnish tire bales made of whole, used passenger or light to medium truck tires.
Produce bales in a tire baler or equivalent as approved by the Engineer. Bales shall have a
density not less than 35 lb/ft3. Provide a minimum of 5 galvanized steel or stainless steel straps
or wires per bale.  The bales shall not “explode” when all the straps are broken or cut. Bales shall
be of uniform shape and size.

Furnish tire bales that only use scrap tires generated or stored within the State of Texas.
Tire balers and baling sites shall be authorized to process scrap tires by the Texas Commission of
Environmental Quality. Obtain approval of fire prevention and suppression plans by the
Engineer and the local Fire Department 2 weeks prior to the commencement of baling and
storing operations.

Load test representative tire bales with the bale fully supported on a test floor approved
by the Engineer. Test each bale placed between two steel plates that completely cover the surface
area of the top and bottom of the bale. The top steel plate shall be 1 inch thick. Distribute the
load uniformly over the steel plate using a steel I-section beam as approved by the Engineer.
Apply the load using a hydraulic ram with a load capacity of at least 400,000 lbs.

Conduct two types of strength tests, a creep test and a compressive strength test, for each
tested tire bale. Conduct the creep test for 72 hours at a creep stress of 25 psi applied in the same
direction as the loads are applied in the field. The maximum allowable creep strain shall not
exceed 0.25. Conduct the compressive strength test until the tire bale fails or until an applied
compressive stress of 100 psi is applied.

Furnish galvanized steel or stainless steel wires straps with a minimum break stress of 50
psi as applied on the tire bale surface. Corrosion of the straps shall meet the requirements of Item
423.2. Tire bale fills covered with geomembranes, which makes the tire fill impermeable to air
and water, are not subject to the pH and resistivity requirements of Item 423.2.

Barry Christopher
Texas DOT Preliminary Draft Specification for Tire Bale Embankments
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132.3. Construction Methods.
(1) General.  When off right of way sources are involved, the Contractor's attention is directed
to Item 7, Legal Relations and Responsibilities to the Public. Complete all work prior to placing
any embankment in accordance with Item 100, "Preparing Right of Way" on the areas over
which the embankment is to be placed. Backfill stump holes or other small excavations in the
limits of the embankments with suitable material and thoroughly tamp by approved methods
before commencing embankment construction. Restore the surface of the ground, including
disk-loosened ground or any surface roughened by small washes or otherwise, to approximately
its original slope. Compact the ground surface by sprinkling and rolling where shown on the
plans or required by the Engineer.

Notify the Engineer sufficiently in advance of opening any material source to allow
performance of any required testing.

Unless otherwise shown on the plans, loosen the surfaces of unpaved areas (except rock)
which are to receive embankment by scarifying to a depth of at least 6 inches. Cut hillsides into
steps before embankment materials are placed. Begin placement of embankment materials at the
low side of hillsides and slopes. Compact materials which have been loosened simultaneously
with the new embankment materials placed upon it. Do not exceed the total depth of loosened
and new materials beyond the permissible depth of the layer to be compacted as specified in
Subarticle 132.3.(3).(a) and (b).

Do not place trees, stumps, roots, vegetation or other unsuitable materials in the
embankment.

Unless otherwise shown on the plans, construct all layers approximately parallel to the
finished grade of the roadbed.

Construct embankments to the grade and sections shown on the plans or as established by
the Engineer. Each section of the embankment shall correspond to the detailed section or slopes
established by the Engineer. After completion of the roadway, maintain it to its’ finished section
and grade until the project is accepted.

(2) Constructing Embankments.
 (a) Tire Bale Embankments. Tire bale embankments shall be defined as those

composed of scrap tire bales which comprise the core of the structure. The maximum height of
the tire bale portion of the embankment shall not exceed 20 feet.

Construct a 12” granular base drainage layer at the bottom of the embankment before
placing the tire bales as shown on the typical sections. Extend the granular base layer sufficiently
to allow water to freely drain away from the embankment structure.

Construct the embankment such that infiltration of water and air is minimized. Place all
tire bales with the restraining straps in the longitudinal direction of the roadway.
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Place an 8 inch compacted soil layer between each tire bale layer. Use a soil with a PI
less than 35 to provide a cushioning layer between successive layers of tire bales. Test all soil in
contact with the tire bales Test Method Tex-408-A, Organic Color, with the test result not
showing a color darker than standard. Furnish and place a geomembrane that meets Department
specifications over the final layer of the tire bales to provide long-term durability to the
embankment.

Provide an 18 inch minimum thick mineral soil layer free of organic matter on the side
slopes. Place a 2-4 inch thick top layer of compost meeting the requirements of  Item 161. Seed
as directed under Item 164.

(3) Compaction Methods. Compaction of embankments shall be by "Ordinary
Compaction".

Place each soil layer between the tire bales not to exceed twelve (12) inches of loose
depth. Compact each layer in accordance with the provisions governing the Item or Items of
"Rolling". Unless otherwise specified on the plans, the rolling equipment shall be as approved by
the Engineer. Continue compaction until there is no evidence of further compaction. Prior to and
in conjunction with the rolling operation, bring each layer to the moisture content directed by the
Engineer, and keep level with suitable equipment to insure uniform compaction over the entire
layer. Should the subgrade, for any reason or cause, lose the required stability or finish, it shall
be recompacted and refinished at the Contractor's expense.

When shown on the plans and when directed by the Engineer, proof roll in accordance
with Item 216, "Rolling (Proof)". Correct soft spots as directed by the Engineer.

132.4. Tolerances. The tolerances shall be as follows:
(1) Grade Tolerances.
     (a) Stage Construction. Correct any deviation in excess of 0.1 foot in cross section

and 0.1 foot in 16 feet measured longitudinally by loosening, adding or removing the material,
reshaping and recompacting by sprinkling and rolling.

     (b) Turnkey Construction. Correct any deviation in excess of 1/2 inch in cross
section and 1/2 inch in 16 feet measured longitudinally by loosening, adding or removing the
material, reshaping and recompacting by sprinkling and rolling.

(2) Plasticity Tolerances. The Engineer may accept the material providing not more than
one (1) out of the most recent five (5) plasticity index samples tested are outside the specified
limit by no more than two (2) points.

132.5. Measurement. This Item will be measured as follows:
(1) General. Shrinkage or swellage factors will not be considered in determining the

calculated quantities.

(2) Embankment will be measured by the each for the tire bales and by the cubic yard in
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vehicles for the soil as delivered on the road.

132.6. Payment. The work performed and materials furnished in accordance with this Item and
measured as provided under "Measurement" will be paid for at the unit price bid for
"Embankment". This price shall be full compensation for furnishing tire bales; for soil; for
hauling; for placing, compacting, finishing and reworking; and for all labor, royalty, tools,
equipment and incidentals necessary to complete the work.

When proof rolling is shown on the plans and directed by the Engineer, it will be paid for
in accordance with Item 216, "Rolling (Proof)".

When "Ordinary Compaction" is shown on the plans, all sprinkling and rolling, except
proof rolling, will not be paid for directly, but will be considered subsidiary to this Item, unless
otherwise shown on the plans.

When subgrade is constructed under this project, correction of soft spots in the subgrade
will be at the Contractor's expense. When subgrade is not constructed under this project,
correction of soft spots in the subgrade will be in accordance with Article 4.3.
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Document Summary 
Copyright 2005 ASTM International. All rights reserved.  

D6270-98(2004) Standard Practice for Use of Scrap Tires in Civil 
Engineering Applications 

Developed by Subcommittee: D34.06 
See Related Work by this Subcommittee 
Adoptions:  
Book of Standards Volume: 11.04 

 
1. Scope 

1.1 This practice provides guidance for testing the physical properties and gives data
assessment of the leachate generation potential of processed or whole scrap tires in
conventional civil engineering materials, such as stone, gravel, soil, sand, or other 
materials. In addition, typical construction practices are outlined. 

2. Referenced Documents 

C127 Test Method for Specific Gravity and Absorption of Coarse Aggregate 
D422 Test Method for Particle-Size Analysis of Soils 
D698 Test Method for Laboratory Compaction Characteristics of Soil Using Standard
(12,400 ft-lbf/ft (600 kN-m/m)) 
D1557 Test Method for Laboratory Compaction Characteristics of Soil Using Modified
(56,000 ft-lbf/ft (2,700 kN-m/m)) 
D2434 Test Method for Permeability of Granular Soils (Constant Head) 
D3080 Test Method for Direct Shear Test of Soils Under Consolidated Drained Condi
D4253 Test Methods for Maximum Index Density and Unit Weight of Soils Using a V
Table 
T274 Standard Method of Test for Resilient Modulus of Subgrade Soils 
Method 1311 Toxicity Characteristics Leaching Procedure 
 

Index Terms  
 
construction practices; landfills; leachate; lightweight fill; retaining walls; roads; scr
83.160.01  

  

  

Page 1 of 1D6270-98(2004) Standard Practice for Use of Scrap Tires in Civil Engineering Applicatio..

http://www.astm.org/cgi-bin/SoftCart.exe/DATABASE.CART/REDLINE_PAGES/D6270....
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APPENDIX F.  References for Governmental Legislation and Scrap Tire Reuse Programs

State Regulations on Scrap Tires, Colorado,
by Rubber Manufacturer’s Association

www Address for Scrap Tire Legislation Brief Sheets

State Scrap Tire Fees and Point of Collection
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www.rma.org/scrap_tires/state_issues/state legislation.cfm
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                        9/18/03  RMA Scrap_Tires/State_scrap_tire_fees.pdf
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APPENDIX G.  Fire Protection Issues and Guidelines for Scrap Tires 
 
 
 The Colorado Department of Public Health and Environment, State 

Board of Health/Hazardous Materials and Waste Management Division  
CCR 1007-2, Section 10, Scrap Tire Facilities. 

 
 Title 14 California Code of Regulations Division 7 Integrated Waste 

Management Board (IWMB), Chapter 3, Article 5.5 titled Waste Tire 
Storage and Disposal Standards (Sections 17350 to 17356) 
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APPENDIX H.  Colorado DOT Costs for Embankment Materials and Related Items 
 
 

Barry Christopher
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Barry Christopher
The average unit material prices provided by CDOT in August 2004 for recent embankment projects are listed in the following table. 



Table H.1 Average Colorado DOT unit prices for selected materials 
2001 2002 2003   

CDOT Item 
Volume 
(1,000 
cb. yd)  

No. of 
Projects 

Ave. 
Cost 

($/cy) 

No. of 
Projects 

Ave. 
Cost 

($/cy) 

No. of 
Projects 

Ave. 
Cost 

($/cy) 

Total 
Projects 

Ave. 
Cost 
($/cy) 

<2.5 7 20.11 16 13.22 14 13.75 37 15.69 
2.5 to 

5.0 5 14.34 5 9.81 5 10.45 15 11.53 

5.0 to 
10.0 9 8.53 5 9.51 3 12.92 17 10.32 

 
10.0 to 

50.0 9 7.32 11 6.22 11 7.69 31 7.08 

50.0 to 
100. 7 4.77 2 5.97 5 6.21 14 5.65 

703.08 (b) Class 2 
Structure Backfill 

Material 
(Note 1) 
(Note 2) 

> 100. 4 5.06 4 3.36 3 3.29 11 3.90 
Subtotal or Average  
for 2,500 to 50,000 cy   23 10.06 21 8.51 19 10.35 63 9.64 

Percent of Total  56 NA 86 NA 46 NA 50.6 NA 
Total or Average  
for 0 to >100,000 cy   41 10.02 43 8.02 41 9.05 125 9.03 

703.08 (a) Class 1 Structure 
Backfill Material   NA 15.00 

to 20.00 
Class A NA 30.37 
Class B NA 44.53 

703.09 Filter 
Material 
(Note 3) Class C NA 21.84 
Class A Separator geotextile, 
Table 712-8 (Note 4) NA Ave 2.00 

($/sy) 

Special Fill – Clean Sand Estimated cost could range from $15 to $40 /cy, 
depends on availability, quantity, and transportation costs  (Note 5)   Ave. 22.00 

Notes:  1.   Embankment replaced by tire bale fill.  Total projects with volume < 50,000 cb. yd. = 80 % of typical projects  
2.   The data for 2003 includes 1 project of 1.858 million cy (at $1.4 0 /cb. yd), plus annual volume of 1.103 million cb. yd. 
3.   Ave cost for 2001 to 2003.  Use Class B for cost estimate for a base drain layer.  See Table 7.3. 
4.   Use between tire bale fill and soil buffer layer.  See Table 7.3. 
5.   Use in and around tire bales.  See Table 7.3. 
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