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Standard Practice for
. . . . - . - . 1
Use of Scrap Tires in Civil Engineering Applications
This standard is issued under the fixed designation D 6270; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope 3. Terminology

1.1 This practice provides guidance for testing the physical 3.1 Definitions:
properties and gives data for assessment of the leachate3.1.1 baling, n—a method of volume reduction whereby
generation potential of processed or whole scrap tires in lieu dires are compressed into bales.
conventional civil engineering materials, such as stone, gravel, 3.1.2 bead n—the anchoring part of the tire which is shaped
soil, sand, or other fill materials. In addition, typical construc-to fit the rim and is constructed of bead wire wrapped by the

tion practices are outlined. plies.
3.1.3 bead wire n—a high tensile steel wire surrounded by
2. Referenced Documents rubber, which forms the bead of a tire that provides a firm
2.1 ASTM Standards? contact to the rim.
C 127 Test Method for Specific Gravity and Absorption of  3.1.4 belt wire, n—a brass plated high tensile steel wire cord
Coarse Aggregate used in steel belts.
D 422 Test Method for Particle-Size Analysis of Soils 3.1.5 buffing rubber n—vulcanized rubber usually obtained

D 698 Test Method for Laboratory Compaction Characterfrom a worn or used tire in the process of removing the old
istics of Soil Using Standard Effort (12,400 ft-Ibfff(600  tread in preparation for retreading.
KN-m/m®)) 3.1.6 carcass n—seecasing

D 1557 Test Method for Laboratory Compaction Character- 3.1.7 casing n—the basic tire structure excluding the tread
istics of Soil Using Modified Effort (56,000 ft-Ibfft (Syn.carcas3.

(2,700 kN-m/n)) 3.1.8 granulated rubbern—particulate rubber composed of
D 2434 Test Method for Permeability of Granular Soils mainly nonspherical particles that span a broad range of
(Constant Head) maximum particle dimension, from below 425 um (40 mesh) to
D 3080 Test Method for Direct Shear Test of Soils Under12 mm (also refer tgarticulate rubber).
Consolidated Drained Conditions 3.1.9 ground rubbey n—particulate rubber composed of
D 4253 Test Methods for Maximum Index Density and Unit mainly nonspherical particles that span a range of maximum
Weight of Soils Using a Vibratory Table particle dimensions, from below 425 pum (40 mesh) to 2 mm
2.2 AASHTO Standard: (also refer toparticulate rubber).®
T 274 Standard Method of Test for Resilient Modulus of 3.1.10 nominal sizen—the average size product (chip) that
Subgrade Soifs comprises 50 % or more of the through put in a scrap tire
2.3 USEPA Standard: processing operation; scrap tire processing operations generate

Method 1311 Toxicity Characteristics Leaching Procefiure products (chips) above and below the nominal size.
3.1.11 particulate rubbey n—raw, uncured, compounded or
- — o . _ vulcanized rubber that has been transformed by means of a
This practice is under the jurisdiction of ASTM Committee D34 on B'OteCh'Jnechanical size reduction process into a collection of particles,

nology and is the direct responsibility of Subcommittee D34.06 on Recovery and . . . .
Reugg. P b y with or without a coating of a partitioning agent to prevent

Current edition approved June 10, 1998. Published August 1998. agglomeration during production, transportation, or storage
2 For referenced ASTM standards, visit the ASTM website, www.astm.org, Or(a|so see definition obufﬁng rubber' granu|ated rubber'
contact ASTM Customer Service at service@astm.org.Afotual Book of ASTM 5
Standardssolume information, refer to the standard’s Document Summary page onground rubber, and powqered rupber)_.
the ASTM website. 3.1.12 passenger car tiren—a tire with less than a 457-mm
3 Standard Specifications for Transportation Materials and Methods of Samplingrim diameter for use on cars only_
and Testing, Part II: Methods of Sampling and TestiAgyerican Association of
State Highway and Transportation Officials, Washington, D.C.
4 Test Methods for Evaluating Solid Waste: Physical/Chemical Mett8tsd.,

Report No. EPA 530/SW-846, U.S. Environmental Protection Agency, Washington;
D.C. > The defined term is the responsibility of Committee D11 on Rubber.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



A8y D 6270 - 98 (2004)

3.1.13 powdered rubbem—particulate rubber composed of whole scrap tires and tire sidewalls includes construction of
mainly nonspherical particles that have a maximum particleetaining walls and drainage culverts, as well as use as fill
dimension equal to or below 425 um (40 mesh) (also refer tavhen whole tires have been compressed into bales. It is the
particulate rubber).® responsibility of the design engineer to determine the appro-

3.1.14 rough shreqd n—a piece of a shredded tire that is priateness of using scrap tires in a particular application and to
larger than 50 mm by 50 mm by 50 mm, but smaller than 76Z%elect applicable tests and specifications to facilitate construc-
mm by 50 mm by 100 mm. tion and environmental protection. This practice is intended to

3.1.15 rubber finesn—small particles of ground rubber that encourage wider utilization of scrap tires in civil engineering
result as a by-product of producing shredded rubber. applications.

3.1.16 scrap tirg n—a tire, which can no longer be used for 4.2 Three tire shred fills with thicknesses in excess of 7 m
its original purpose due to wear or damage. have experienced a serious heating reaction; however, more

3.1.17 shred sizingn—a term which generally refers to the than 70 fills with a thickness less tha3 m have been
process of particles passing through a rated screen openitgnstructed with no evidence of a deleterious heating reaction
rather than those which are retained on the screen. (1)®. Guidelines have been developed to minimize internal

3.1.18 shredded tiren—a size reduced scrap tire where the heating of tire shred fills 2) as discussed in 6.10. The
reduction in size was accomplished by a mechanical processirguidelines are applicable to fills less tha m thick; thus, this
device, commonly referred to as a shredder. practice should be applied only to tire shred fills less than 3 m

3.1.19 shredded rubbern—pieces of scrap tires resulting thick.
from mechanical processing.

3.1.20 sidewall n—the side of a tire between the tread 5. Material Characterization
shoulder and the rim bead. 5.1 The specific gravity and water absorption capacity of

3.1.21 single pass shred+—a shredded tire that has been tire shreds should be determined in accordance with Test
processed by one pass through a shear type shredder and Method C 127; however, the specific gravity of tire shreds is
resulting pieces have not been classified by size. less than half the value obtained for common earthen coarse

3.1.22 steel belt n—rubber coated steel cords that run aggregate, so it is permissible to use a minimum weight of test
diagonally under the tread of steel radial tires and extend acrossimple that is half of the specified value. The particle density
the tire approximately the width of the tread. or density of solids of tire shredsd may be determined from

3.1.23 tire chips n—Pieces of scrap tires that have a basicthe apparent specific gravity using the following equation:
geometrical shape and are generally between 12 mm and 50 0o = Su(py) B
mm in size and have most of the wire removed (Syimpped 3 v
tire). where:

3.1.24 tire shreds n—Pieces of scrap tires that have a basic S, apparent specific gravity, and
geometrical shape and are generally between 50 mm and 308, density of water.

mm in size. 5.2 The gradation of tires shreds should be determined in

3.1.25 tread, n—that portion of the tire which contacts the accordance with Test Method D 422; however, the specific
road. gravity of tire shreds is less than half the values obtained for

3.1.26 truck tire, n—a tire with a rim diameter of 500 mm common earthen materials so it is permissible to use a
or larger. minimum weight of test sample that is half of the specified

3.1.27 waste tire n—a tire which is no longer capable of value.
being used for its original purpose but which has been disposed 5.3 The laboratory compacted dry density, or bulk density,
of in such a manner that it cannot be used for any othepf tire chips and tire chip/soil mixtures with less than 30 %

purpose. retained on the 19.0-mm sieve can be determined in accor-
3.1.28 whole tirg n—a scrap tire that has been removeddance with Test Method D 698 or D 1557. Tire Shred and tire
from a rim but which has not been processed. shred/soil mixtures used for civil engineering applications,

3.1.29 x-mm minus n—pieces of classified, size reduced however, almost always have more than 30 % retained on the
scrap tires where the maximum size of 95 % of the pieces i49.0-mm sieve, so these methods generally are not applicable.
less than x-mm in any dimension (that is, 25-mm minus;A larger compaction mold should be used to accommodate the
50-mm minus; 75-mm minus, etc). larger size of the tire shreds. The sizes of typical compaction

N molds are summarized in Table 1. The larger mold requires that
4. Significance and Use the number of layers, or the number of blows of the rammer/

4.1 This practice is intended for use of scrap tires includindayer, or both, be increased to produce the desired compactive
tire chips or tire shreds comprised of pieces of scrap tires, tirenergy/unit volume. Compactive energies ranging from 60 %
chip/soil mixtures, tire sidewalls, and whole scarp tires in civil of Test Method D 698 (60 % 600 kN-m/n? = 360 kN-m/nt)
engineering applications. This practice includes the use of tireo 100 % of Test Method D 1557 (2,700 kN-nmithave been
chips, tire shreds, and tire chip/soil mixtures as lightweightused. Compaction energy only has a small effect on the
embankment fill, lightweight retaining wall backfill, drainage
layers, thermal insulation to limit frost penetration beneath
roads, insulating backfill to limit heat loss from buildings, and s tne poidface numbers in parentheses refer to the list of references at the end of
replacement for soil or rock in other fill applications. Use of this standard.
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TABLE 1 Size of Compaction Molds Used to Determine Dry cylinder with a diameter several times greater than the largest
Density of Tire Shreds particle size and then measuring the vertical strain caused by an
Maximum Particle  Mold Diameter  Mold Volume Reference increasing vertical stress. If it is desired to calculate the
Size (mm) (mm) (m°) coefficient of lateral earth pressure at rigj, the cylinder can
;g gg;‘ 8'852 g; be instrumented to measure the horizontal stress of the tire
51 203 and 305 N.RA ) shreds acting on the wall of the cylinder.

5.4.1 The high compressibility of tire shreds necessitates the
use of a relatively thick sample. In general, the ratio of the
. : ) I ... initial specimen thickness to sample diameter should be greater
resulting dry density J); thus, for most applications it is otpan one. This leads to concerns that a significant portion of the

permissible to use a compactive energy equivalent to 60 % . .
Test Method D 698. To achieve this energy with a mold volumeapp“ed vertical stress could be transferred to the walls of the

of 0.0125 ni would require that the sample be compacted incyl!nder t.)y friction. If the stress transferred to_ t.h.e walls of the
five layers with 44 blows/layer with a 44.5 N rammer falling cylinder IS not account_ed for, the compre35|b|l_|ty_of the tire
457 mm. The water content of the sample only has a smaﬁhr_eds will be under_estlmated. For all compressmmw tests, the
effect on the compacted dry densiB§) Go it is permissible to msuje of the container ShOU|d. be Iubnt_:ated to _reduc_e_the
perform compaction tests on air or oven-dried samples. portion of the applied load that is tran.smltted by suje friction
5.3.1 The dry densities for tire shreds loosely dumped intgror.n the sample to the vyalls OT the cyllnder.. For testing where
a compaction mold and tire shreds compacted by vibratord high level of accuracy is desired, the vertical stress at the top
methods (similar to Test Method D 4253) are about the sam nd the bott(_)m of the s_ample should be measured so that the
(4, 5, 9; thus, vibratory compaction of tire shreds in the average Ve”'cf’” stress m_the sample_ can be COmPUt.ed' A test
laboratory (see Test Method D 4253) should not be used. apparatus de3|_gned for this purpose is |I|ustrated_|n Fig)1 (
5.3.2 When estimating an in-place density for use in design, °-> The resilient modulusMg) of subgrade soils can be
the compression of a tire shred layer under its own self-weighXPressed as:
and under the weight of any overlying material must be Mg = AGB )
considered. The dry density determined as discussed in 5.3 are
uncompressed values. In addition, short-term time dependern¥here: _ o
settlement of tire shreds should be accounted for when esti® = first invariant of stress (sum of the three principal
mating the final in-place density) stresses), _
5.4 The compressibility of tire shreds and tire shred/soil® = €xperimentally determined parameter, and
mixtures can be measured by placing tire shreds in a rigidB experimentally determined parameter.

AN.R. = not reported.
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by Friction from Tire Shreds to Container (8)
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Tests for the parameters A and B can be conducted accordingires would puncture the membrane used to surround the
to AASHTO T 274. The maximum particle size typically is specimen. The interface strength between tire shreds and
limited to 19 mm by the testing apparatus, which precludes thgeomembrane can be measured in a large scale direct shear test
general applicability of this procedure to the larger size tireapparatus9).
chips and shreds typically used for civil engineering applica- 5.8 The hydraulic conductivity (permeability) of tire shreds
tions. . and tire shred/soils mixtures should be measured with a

5.6 Tf,]e coefficient of lateral earth pressure at i€stand  constant head permeameter with a diameter several times
Poisson’s ratio p can be determined from the results of eqter than the maximum particle size. Tire chips with a
confined compression tests where the horizontal stresses Wl ,i\um size smaller than 19 mm can be determined in

.me"’TS“fed- A test apparatus designed for this purpose is show.qgance with Test Method D 2434; however, tire shreds and
in Fig. 1Ko and p are calculated from: tire shred/soil mixtures used for civil engineering applications

Ko = 0oy oy (3)  almost always have a majority of their particles larger than 19
mm so this method is generally not applicable. Samples should
H= Ko (1 +Kp) (4)  be tested at a void ratio comparable to the value expected in the
) field. This may require a permeameter capable of appling a
where: : vertical stress to the sample to simulate the compression that
o, = measured horizontal stress, and : . . .
o, = measured vertical stress. would occur under the weight of overlying material. The high

5.7 The shear strength of tire shreds may be determined i yd_raulic conductivity of tire shreds S_hOU|d be_ accounted f_o_r in
a direct shear apparatus in accordance with Test Method esign of the permeameter. The design shall ||_10Iude provisions
3080 or using a triaxial shear apparatus. The large size of tir ran adequate supply of Wate_r and measuring the head loss
shreds typically used for civil engineering applications require2ross the sample using standpipes mounted on the body of the
that specimen sizes be several times greater than used fBfrmeameter. An apparatus designed taking these factors into
common soils. Because of the limited availability of large @ccount is shown in Fig. 210).
triaxial shear apparatus, this method is generally restricted to 5.9 The thermal conductivity of tire shreds is significantly
tire chips 25 mm in size and smaller. Extrapolation of resultdower than for common soils. For tire chips smaller than 25
on small size pieces to the 75-mm and larger size shreds us@um in size, the thermal conductivity can be measured using
for civil engineering applications is uncertain since smallcommercially available guarded hot plate apparatus. For tire
pieces are nearly equidimensional while larger tire chips anghreds larger than 25 mm, it is necessary to construct a large
shreds tend to be long and flat. Furthermore, the triaxial sheacale hot plate apparatuklf. The thermal conductivity of tire
apparatus generally is not suitable for tire shreds that have stegreds also can be backcalculated from field measurements
belts protruding from the cut edges of the shreds since théll).
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6. Construction Practices 6.9 Whole tires and tire sidewalls that have been cut from
6.1 Tire shreds have a compacted dry density that idhe tire carcass can be used to construct retaining walls and

one-third to one-half of the compacted dry density of typical?ound together to form drainage culverts.
soil. This makes them an attractive lightweight fill for embank- 6.10 Tire shred fills should be designed to minimize the
ment construction on weak, compressible soils where slopeossibility of an internal heating reactioB)( Possible causes
stability or excessive settlement are a concern. of the reaction are oxidation of the exposed steel belts and
6.2 The thermal resistivity of tire shreds is approximatelyoxidation of the rubber. Microbes may play a role in both
eight times greater than for typical granular soil. For thisréactions. Although details of the reaction are under study, the
reason, tire shreds can be used as a 150 to 450-mm thid¢Rllowing factors are thought to create conditions favorable for
insulating layer to limit the depth of frost penetration beneattPXidation of exposed steel, or rubber, or both; free access to air;
roads. This reduces frost heave in the winter and improvel€€e access to water; retention of heat caused by the high
subgrade support during the spring thaw. In addition, tirdnsulating value of tire shreds in combination with a large fill
shreds can be used as backfill around basements to limit heickness; large amounts of exposed steel belts; smaller tire
lost through basement walls, thereby reducing heating costsShred sizes and excessive amounts of granulated rubber par-
6.3 The low-compacted dry density, high-hydraulic conduc-icles; and, the presence of inorganic and organic nutrients that
tivity, and low-thermal conductivity makes tire shreds veryWould enhance microbial action.
attractive for use as retaining wall backfill. Lateral earth 6.10.1 The design guidelines given in the following sections
pressures for tire shred backfill can be about 50 % of valueBave been developed to minimize the possibility for heating of
obtained for soil backfill 7). Tire shreds also can be used astire shred fills by minimizing factors that could possibly create
backfill for geosynthetic-reinforced retaining walls. conditions favorable for this reaction. As more is learned about
6.4 The high hydraulic conductivity of tire shreds, generallythe causes of the reaction, it may be possible to ease some of
greater than 1 cm/s, makes them suitable for many drainag&€ guidelines. In developing these guidelines, the insulating
applications, including French drains, drainage layers in landeffect caused by increasing fill thickness and the favorable
fill liner and cover systems, and leach fields for on-site sewag@erformance of projects with tire shred fills less than 4-m thick
disposal systems. have been considered; thus, design guidelines are less stringent
6.5 Two different sizes of tire shreds commonly are used fofOr Projects with thinner tire shred layers. The guidelines are
the applications discussed above. One has a maximum size @fvided into two classes; Class | Fills with tire shred layers less
75 mm and the other has a maximum size of 300 mm. Routhan 1-m thick, and Class_ Il Fills with tire shred layers in the
shreds also can been used for some applications provided &fnge of 1-m to 3-m thick. Although there have been no
tires are shredded such that the largest shred is the lesser RjPiects with less than 4-m of tire shred fill that have
one-quarter circle in shape or 600 mm in length. In all cases, ﬁxperlenced a catastrophic heating reaction, to be conservative,
least one side wall should be severed from the tread. tire shred layers greater than 3-m thick are not recommended.
6.6 Tire shreds with a maximum size of 75 mm or 300 mm!n addition to the guidelines given below, the designer must

generally are placed in 300-mm thick lifts and compacted by ghoose the maximum tire shr_ed size, thickness of overlying soil
tracked bulldozer, sheepsfoot roller, or smooth drum vibratonfOVer: €tc., to meet the requirements imposed by the engineer-
roller with a minimum operating weight of 90 kN. Rough N9 performance of the project. These guidelines are for use in

shreds generally are placed in 900-mm thick lifts and comdesigning tire shred fills. Design of fills that are mixtures or

pacted by a tracked bulldozer. For most applications, a mini@lternating layers of tire shreds and mineral soil that is free

mum of six passes of the compaction equipment should pfrom organic matter should be handled on a case by case basis.
used. 6.10.2 For both Class | and Il Fills, the tire shreds shall be
6.7 Tire shreds should be covered with a sufficient thicknes&€e of all contaminants, such as oil, grease, gasoline, diesel
of soil to limit deflections of overlying pavement caused by fuél, etc., that could create a fire hazard. In no case shall the tire
traffic loading. Soil cover thicknesses as low as 0.8 m may h&hreds contain the remains of tires that have been subjected to
suitable for roads with light traffic. For roads with heavy traffic, @ firé because the heat of a fire may liberate liquid petroleum
1 to 2 m of soil cover may be required. For unpaved Products from the tire that could create a fire hazard when the
applications, 0.3 to 0.5 m of soil cover may be suitableShreds are placed in a fill.
depending on the traffic loading. The designer should assess the6.10.3 For Class | Fills, the tire shreds shall have a maxi-
actual thickness of soil cover needed based on the loadingium of 50 % (by weight) passing the 38-mm sieve and a
conditions, tire-shred layer thickness, pavement thickness, andaximum d 5 % (by weight) passing the 4.75-mm sieve. No
other conditions as appropriate for particular project. Regardspecial design features are required to minimize heating of
less of the application, the tire shreds should be covered witklass I Fills.
soil to prevent contact between the public and the tire shreds, 6.10.4 For Class Il Fills, the tire shreds shall have a
which may have exposed steel belts. maximum of 25 % (by weight) passing the 38-mm sieve and a
6.8 In applications where pavement will be placed over themaximum d 1 % (by weight) passing the 4.75-mm sieve. The
tire shred layer and in drainage applications, the tire shred laydire shreds shall be free from fragments of wood, wood chips,
should be wrapped completely in a layer of nonwoven orand other fibrous organic matter. The tire shreds shall have less
woven geotextile to minimize infiltration of soil particles into than 1 % (by weight) of metal fragments, which are not at least
the voids between the tire shreds. partially encased in rubber. Metal fragments that are encased
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partially in rubber shall protrude no more than 25 mm from thethrough the waste and exiting as leachate. For all regulated
cut edge of the tire shred on 75 % of the pieces and no mormetals and organics, the results for tire shreds are well below
than 50 mm on 100 % of the pieces. the TCLP regulatory limits¥2, 13, 13; therefore, tire shreds
6.10.5 Class Il Fills shall be constructed in such a way thatre not classified as a hazardous waste.
infiltration of water and air is minimized; moreover, there shall 7.2 |n addition to TCLP tests, laboratory leaching studies
be no direct contact between tire shreds and soil containingave been performed following several test protocols. Results
organic matter, such as topsoil. One possible way to acconshow that metals are leached most readily at low pH and that
p||Sh this is to cover the top and sides of the fill will a 0.5-m Organics are leached most read"y at h|gh p_Hy(]_a' thus, it
thick layer of compacted mineral soil with a minimum of 30 % s preferable to use tire shreds in environments with a near
fines. The mineral soil should be free from organic matter angheutral pH.
should be separated from the tire shreds with a geotexile. The 7 3 Fie|q studies of tire shred fills located above the ground
top of the mineral soil layer should be sloped so that water willy ater taple show that tire shreds tend to leach manganese, and
drain away from the tire shred fill. Additional fill may be \nger some circumstances, iron at levels above their secondary
placed on top of the mineral soil layer as needed to meet thgyinying water standardi( 16). Since secondary standards are
overall design of the project. If the project will be paved, it is haseq on aesthetic factors, such as color, odor, and taste, rather
recommended that the pavement extend to the shoulder of thga health concerns, release of manganese and iron from tire
embankment or that other measures be taken to minimizgyreds is not a significant concern. Release of organics from
infiltration at the edge of the pavement. tire shreds placed above the water table generally is below test
6.10.6 For Class |l Fills, use of drainage features located ghethod detection limitsl); thus, release of organics from tire
the bottom of the fill that could provide free access {0 airghreds placed above the water table is not a significant concern.
should be avoided. Use of drainage features includes, but is not ire shreds placed below the water table tire shreds
limited to, open graded drainage layers daylighting on the side /.4 Fortire shreds p . T
of the fill and drainage holes in walls. Under some conditionsrelease Ie_vels of manganese and iron that are 5|gn|_f|cantly
it may be possible to use a well graded granular soil as gbove their secondary drinking water standafd; (thus, tire
. . . -Shreds should be used below the water table only where the
drainage layer. The thickness of the drainage layer at the point

where it daylights on the side of the fill should be minimized, 26Sthetic concems raised by elevated levels of manganese and

. . . o iron have been examined. Tire shreds placed below the water
For tire shred fills placed against walls, it is recommended th . ;
| . ) able leach low levels of a few organic compounds into the
the drainage holes in the wall be covered with well grade

: . round water 14). Further study is needed to determine if
g::nsl;:?er dsso\lllx}it-lr—\hgeeg'[:Qtlijllsr soil should be separated from th ese levels are high enough to be of concern. Pending

continued studies of the effect of tire shreds placed below the
7. Leachate water table on organic levels, the use of tire shreds should be

7.1 The Toxicity Characteristics Leaching Procedure“m'ted to above water table applications.

(TCLP) (USEPA Method 1311) is used to determine if a waste

is a hazardous waste, thereby posing a significant hazard ﬁj Keywords

human health due to leaching of toxic compounds. The TCLP 8.1 construction practices; landfills; leachate; lightweight
test represents the worst case scenario of acid rain percolatifigl; retaining walls; roads; scrap tires

APPENDIX
(Nonmandatory Information)

X1. Typical Material Properties

X1.1 This appendix contains typical properties of tire chipsusing AASHTO T 274-82 for mixtures of tire chips and soil are
and shreds to aid in the selection of values for preliminarysummarized in Table X1.4. The parameter A, and there¥tge
designs and to provide a basis for comparison for test resultglecreases as the percent tire sheds by dry weight of the mix

e . .__increases. Results determined by Edil and Bossehetq for

X1.2 Values of specific gravity and water absorption mixtures of tire shreds and sand are summarized in Fig. X1.2.

capacity reported in the literature are summarized in Tabl -
X1.1. Table X1.2 summarizes the compacted and uncompacte;%(Pao et al 18) performed resilient modulus tests on crumb

X ; . ; frubber (7-mm maximum size) and rubber buffings (1-mm
dry density of tire shreds. Compaction results for mixtures ol Laximum size). The resilient modulus values ranged from 700
tire shreds and soil also are availabde %, 6, 17. The results ' 9

from one study are summarized in Fig. X1.1. to 1700 kPa.
X1.3 Typical compressibility results are summarized in X1.4 Typical values of coefficient of lateral earth pressure

Table X1.3. A measure of compressibility applicable to vehicleat rest and Poisson’s ratio, measured as part of vertical
loads is resilient modulus. Results determined by Ahnigd ( compression tests, are presented in Table X1.5.
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TABLE X1.1 Summary of Specific Gravity and Water Absorption Capacity

Tire Shred Specific Gravity Water Reference

Type Bulk Saturated Apparent Absorption
Surface Dry Capacity (%)

Glass belted ---- ---- 1.14 3.8 (21)
(F and B)

Glass belted 0.98 1.02 1.02 4 (26)

Steel belted 1.06 1.01 1.10 4 (26)
Mixture 1.06 1.16 1.18 9.5 (19)
Mixture E—— R 1.24 2 (21)

(Pine State)
Mixture .- .- 1.27 2 (21)
(Palmer)
Mixture ---- ---- 1.23 4.3 (21)
(Sawyer)
Mixture 1.01 1.05 1.05 4 (26)
Mixture ---- 0.88 to 1.13 ---- ---- 5)

(12.7 mm to 50.8 mm)

TABLE X1.2 Summary of Laboratory Dry Densities of Tire Shreds

Compaction Particle Size Tire Shred Source of Tire Shreds Dry Density (Reference)
Method” Range (mm) Type (kg/m3)
Loose 2t0 75 Mixed Palmer Shredding 341 (21, 22)
Loose 2to 51 Mixed Pine State Recycling 482 (21, 22)
Loose 21025 Glass F and B Enterprises 495 (21, 22)
Loose 2to 51 Mixed Sawyer Environmental 409 (3, 26)
Loose 51 max Mixed .- 466 (5, 6)
Loose 25 max Mixed .- 489 (5, 6)
Vibration 25 max Mixed .- 496 (5, 6)
Vibration 13 max Mixed .- 473 (5, 6)
50 % Standard 51 max Mixed .- 614 (5, 6)
50 % Standard 25 max Mixed .- 641 (5, 6)
60 % Standard 2t0 75 Mixed Palmer Shredding 620 (21, 22)
60 % Standard 2to 51 Mixed Pine State Recycling 643 (21, 22)
60 % Standard 2to 25 Glass F and B Enterprises 618 (21, 22)
60 % Standard 2to 51 Mixed Sawyer Environmental 625 (3, 26)
Standard 2to 51 Mixed Sawyer Environmental 640 (3, 26)
Standard 51 max Mixed .- 635 (5, 6)
Standard 38 max Mixed .- 645 (5, 6)
Standard 25 max Mixed .- 653 (5, 6)
Standard 13 max Mixed ---- 633 (5, 6)
Standard 20to 75 .- Rodefeld 5945 (4, 17)
Standard 20to 75 .- Rodefeld 560¢ (4, 17)
Modified 2to 51 Mixed Sawyer Environmental 660 (3, 26)
Modified 51 max Mixed .- 668 (5, 6)
Modified 25 max Mixed .- 685 (5, 6)
.- 50.8 Mixed .- 410 to 570 (19)

A Compaction methods:

Loose
Vibration

50 % Standard
60 % Standard
Standard
Modified

no compaction; tire shreds loosely dumped into compaction mold
Test Method D 4253

Impact compaction with compaction energy of 296.4 kJ/m®.
Impact compaction with compaction energy of 355.6 kJ/m®.
Impact compaction with compaction energy of 296.4 kJ/m2.
Impact compaction with compaction energy of 2693 kJ/m?3,

B 152-mm diameter mold compacted by 4.54 kg rammer falling 305 mm.
€ 305-mm diameter mold compacted by 27.4 kg rammer falling 457 mm.

X1.5 The shear strength of tire shreds has been measur@deasured using triaxial sheat, (24 and direct sheard( 25.
using triaxial sheary, 19, 20 and using direct sheaB(21, Table X1.6 and Table X1.7 summarize the results from Ahmed
23). Failure envelopes for tests conducted at low stress level®). Edil and Bosscher4], and Benson and Khire2) are
(less than about 100 kPa) are compared in Fig. X1.3. Thaterested primarily in the reinforcing effect of tire shreds when
failure envelopes are non-liner and concave down, so wheadded to a sand. Under some circumstances, the shear strength
fitting a linear failure envelope to the data, it is important thatis increased by adding tire shreds.

this be done over the range of stresses that will occur in the _ _ o _
field. X1.7 Typical hydraulic conductivities for tire shreds and

mixtures of tire shreds and soil are reported in Table X1.8 and
X1.6 The shear strength of tire shred/soil mixtures has beemable X1.9 and Fig. X1.4.
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FIG. X1.1 Comparison of Compacted Dry-Density of Mixtures of Tire Shreds with Ottawa Sand and Crosby Till (5)

TABLE X1.3 Compressibility on Initial Loading

Particle Tire Tire Shred Initial Dry Vertical Strain (%) at Indicated Vertical Stress (kPa) Reference
Size Shred Source Density 10 25 50 100 200
Range Type (kg/m®)
(mm)
2t0 75 Mixed Palmer Compacted 7t 11 16 to 21 23to 27 30to 34 38to 41 (26)
2to 51 Mixed Pine State Compacted 8to 14 15 to 20 21to 26 27 to 32 33to0 37 (21)
2t0 25 Glass Fand B Compacted 5to 10 11 to 16 18 to 22 26 to 28 33to 35 (21)
2to 51 Mixed Sawyer Compacted 5to 10 13to 18 17 to 23 22 to 30 29 to 37 (26)
Mixed Compacted 4t05 8to 11 13 to 16 18 to 23 27 5)
75 max Mixed Pine State 510 to 670 12 to 20 18 to 28 ---- ---- ---- 8)
2to 51 Mixed Pine State Loose 18 34 41 46 52 (21)
2t0 25 Mixed Fand B Loose 8 18 28 37 45 (21)
---- Loose 9 12 to 17 17 to 24 24 to 31 30 to 38 27)

X1.8 Measured thermal conductivities ranged from 0.0838&ivity is higher than found by Shao et al) since the tire
Cal/m-hr-°C for 1-mm particles tested in a thawed state with ashreds for the former were larger and contained more steel
water content less than 1 % and with low compaction to 0.14bhead wire and steel belt.

Cal/m-hr-°C for 25 mm tire shreds tested in a frozen state with

a water content of 5 % and high compactid@); The thermal X1.9 The results of TCLP tests for regulated metals are
conductivity increased with increasing particle size, increasedymmarized in Table X1.10. Results of field studies of the
water content, and increased compaction. The thermal condugffect of tire chips on water quality are summarized in Table
tivity was higher for tire shreds tested under frozen conditionsy1 11 and Table X1.12, as well as Fig. X1.5 and Fig. X1.6.
than when tested under thawed conditions. A thermal conduc-

tivity of 0.2 Cal/m-hr-°C was backcalculated from a field trial  y4 19 A typical material safety data sheet for whole scrap
constructed using tire shreds with a maximum size of 51 MMires is included in Fig. X1.7

(12). It is reasonable that the back calculated thermal conduc- D
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TABLE X1.4 Resilient Modulus of Tire Shreds and Tire Shred/Soil Mixtures (5)

NoTe 1—Constants A and B are the constants for the regression equatioR antthe regression coefficient.
Note 2—Standard = Standard Proctor Energy = 296.4 RJ/m

Note 3—The constants A and B assume the unitséf@nd Mg, are psi (1 psi = 6.89 kPa).

Test No. Tire Shred Sample % tire Soil Type Constant Constant r?
Maximum Size Preparation Shreds Based A B
(mm) on Total
Weight
AHO1 No. shreds Vibratory No shreds Sand 1071.5 0.84 0.95
AHO02 13 Vibratory 15 Sand 524.8 0.83 0.95
AHO3 13 Vibratory 30 Sand 269.2 0.90 0.67
AHO4 13 Vibratory 38 Sand 42.7 1.15 0.89
AHO5 13 Vibratory 50 Sand 38.9 0.83 0.84
AHO6 13 Vibratory 100 Sand 36.3 0.55 0.74
AHO7 19 Vibratory 38 Sand 34.7 1.21 0.92
AHO8 No shreds Standard No shreds Crosby Till 3162.3 0.49 0.83
AHO9 13 Standard 15 Crosby Till 53.7 1.15 0.91
AH10 13 Standard 29 Crosby Till 61.7 0.91 0.94
AH11 13 Standard 38 Crosby Till 55.0 0.67 0.95
+
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FIG. X1.2 Resilient Modulus of Mixtures of Tire Shreds and Clean Sand (4)
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TABLE X1.5 Summary of Coefficient of Lateral Earth Pressure at Rest and Poisson’s Ratio

Particle Size Tire Shred Type Source of Tire Shreds Ko -H References
Range (mm)
2to 51 Mixed Sawyer Environmental 0.44 0.30 (3, 26)
2t0 75 Mixed Palmer Shredding 0.26 0.20 (21, 22)
2to 51 Mixed Pine State Recycling 0.41 0.28 (21, 22)
210 25 Glass F and B Enterprises 0.47 0.32 (21, 22)
03to (4, 17)
0.17
13to 51 Mixed Maust Tire Recyclers 0.4 0.3 (27)
A For vertical stress less than 172 kPa.
60 T T T T T T T T T
Maximum particle size & test method
O 75-mm; direct shear test (21)
5108 AN 75-mm:; direct shear test (21) -
M 75-mm; direct shear test (21)
E S 38-mm,; direct shear test (21)
X 40 > 75-mm; direct shear test (9) T
9) op 38-mm; direct shear test (9)
&J [ ] 9.5-mm; triaxial test (20)
= 30 ® 9.5-mm:; triaxial test (20) T
a4
n
420t -
[45]
10+ =
0 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 a0 100

NORMAL STRESS (kPa)

FIG. X1.3 Comparison of Failure Envelops of Tire Shreds at Low Stress Levels
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Note 1—All samples are prepared by using vibratory compaction.
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TABLE X1.6 Shear Strength of Mixtures of Tire Shreds and Ottawa Sand (5)

Note 2—Chip ratio is the air dried weight to chips divided by dry weight of mix, expressed in percent.
Note 3—sind = tana; ¢ = %cos o .

Test Size of Chip/Mix Confining Strain a tan r? c b
No. Chips Ratio Pressure Levels (psi) a (psi) ©)
(in.) (%) (psi) (%)
TRSO1 No-Chip 0 4.50 5 -0.24 0.6615 0.9998 0 41.41
TRS02 No-Chip 0 14.36 10 - - - - -
TRS03 No-Chip 0 28.86 15 - - - - -
TRS04 1.00 16.5 4.64 5 2.17 0.6006 0.9996 2.71 36.91
TRS05 1.00 16.5 14.50 10 1.05 0.6252 0.9998 1.35 38.70
TRSO06 1.00 16.5 28.86 15 - - - - -
TRSO07 1.00 29.16 4.50 5 5.52 0.4944 0.9943 6.35 29.63
TRS08 1.00 29.16 14.50 10 3.04 0.6110 0.9992 3.84 37.66
TRS09 1.00 29.16 28.86 15 2.65 0.6286 0.9993 3.41 38.95
TRS10 1.00 40.00 4.64 5 5.15 0.3957 0.9988 5.61 23.31
TRS11 1.00 40.00 14.36 10 5.13 0.5413 0.9972 6.10 32.77
TRS12 1.00 40.00 28.86 15 4.09 0.6013 0.9999 5.12 36.96
TRS13 1.00 50.00 4.64 5 -0.68 0.3562 0.9601 0.00 20.87
TRS14 1.00 50.00 14.36 10 4.54 0.4362 0.9988 5.05 25.86
TRS15 1.00 50.00 28.71 15 3.84 0.5519 0.9986 4.60 33.50
TRS16 1.00 66.54 4.50 5 2.23 0.1699 0.9999 2.26 9.78
TRS17 1.00 66.54 14.36 10 1.89 0.3324 0.9901 2.00 19.41
TRS18 1.00 66.54 28.71 15 4.91 0.3759 0.9992 5.30 22.08
TRS19 0.50 37.85 4.64 5 5.26 0.3891 0.9998 5.71 22.90
TRS20 0.50 37.85 14.50 10 5.48 0.5383 1.0000 6.50 32.57
TRS21 0.50 37.85 28.71 15 4.42 0.6238 0.9998 5.66 38.59
TRS22 1.00 38.78 4.64 5 6.55 0.4299 0.9964 7.25 25.46
TRS23 1.00 39.32 14.36 10 5.17 0.5684 0.9985 6.28 34.64
TRS24 1.00 39.37 28.71 15 4.08 0.617 0.9999 5.18 38.10
TABLE X1.7 Shear Strength of Mixtures of Tire Shreds and Crosby Till (5)
Note 1—Chip ratio is the air dried weight of chips divided by dry weight of mix, expressed in percent.
NoTe 2—sind = tana; ¢ = %os o .
Test Size of Chip Confining Strain a tan r? [+
No. Chips Ratio Pressure Levels (psi) a (psi) @)
(in.) (%) (psi) (%)
TRCO1 No-Chip 0 4.50 5 6.14 0.4299 0.9970 6.80 25.46
TRCO02 No-Chip 0 14.50 10 9.28 0.4914 1.0000 10.66 29.43
TRCO3 No-Chip 0 28.71 15 9.72 0.5099 0.9996 11.30 30.66
20 9.58 0.5151 0.9996 11.18 30.00
TRCO04 1.00 16.27 4.64 5 7.43 0.3873 0.9979 8.06 22.79
TRCO05 1.00 16.27 14.36 10 6.21 0.5810 0.9982 7.63 35.52
TRCO06 1.00 16.27 28.71 15 7.77 0.5686 0.9992 9.45 34.65
20 5.71 0.6232 0.9992 7.30 38.55
TRCO7 1.00 30.18 44.52 5 6.82 0.2612 0.9991 7.67 15.14
TRCO08 1.00 30.18 14.36 10 9.96 0.3740 0.9997 10.74 21.96
TRCO09 1.00 30.18 28.86 15 9.88 0.4748 0.9973 11.23 28.35
20 8.82 0.5460 0.9971 10.53 33.09
TRC10 1.00 40.05 4.64 5 5.50 0.2205 0.9947 5.64 12.74
TRC11 1.00 40.05 14.36 10 7.65 0.3598 0.9990 8.20 21.09
TRC12 1.00 40.05 28.71 15 8.19 0.4543 0.9991 9.42 27.02
20 8.44 0.5271 0.9999 9.93 31.81
TRC13 1.00 48.49 4.64 5 4.93 0.2025 0.9985 5.03 11.68
TRC14 1.00 48.49 14.36 10 6.69 0.3472 0.9999 7.13 20.32
TRC15 1.00 48.49 28.86 15 7.81 0.4441 0.9999 8.72 26.37
20 7.92 0.5208 0.9999 9.28 31.39
TRC16 0.50 39.80 4.64 5 6.17 0.1173 0.9980 6.21 6.74
TRC17 0.50 39.80 14.36 10 9.37 0.2181 0.9875 9.60 12.60
TRC18 0.50 39.80 28.86 15 11.07 0.3130 0.9866 11.66 18.24
TRC19 0.50 39.64 14.36
TRC20 0.50 39.79 14.36
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TABLE X1.8 Summary of Reported Hydraulic Conductivities of Tire Shreds

Particle Size Void Ratio Dry Density Hydraulic Reference
Conductivity
(mm) (kg/m3) (cm/s)
25 to 64 469 5.3t0 23.5 (19)
25 to 64 608 2910 10.9
5to 51 470 4.9 t0 59.3
5to 51 610 3.8t0 22.0
38 .- .- 1410 2.6 (28)
19 0.8t0 2.6
10 to 51 0.925 644 7.7 (21, 22)
10 to 51 0.488 833 2.1
20 to 76 1.114 601 15.4
20to 76 0.583 803 4.8
10 to 38 0.833 622 6.9
10 to 38 0.414 808 15
10 to 38 653 0.58 5)
TABLE X1.9 Hydraulic Conductivities of Mixtures of Tire Shreds and Soil (5)
Tire Shred Soil Type % Tire Shreds Dry Density Hydraulic
Maximum Size Based on Total (kg/m3) Conductivity
(mm) Weight (cmis)
- Ottawa Sand 0 1890 1.6 X 10
25 Ottawa Sand 15.5 1680 1.8 x 107
25 Ottawa Sand 30.1 1530 3.5 x 102
25 Ottawa Sand 37.7 1410 8.7 x 10
.- Crosby till 0 1910 8.9 X 107
25 Crosby till 14.8 1700 1.8 X 10°
25 Crosby till 30.1 1390 2.1 x 10
25 Crosby till 40 1200 8.8 x 103
13 Crosby till 40 1190 9.7 X 10

12
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FIG. X1.4 Hydraulic Conductivities of Mixtures of Tire Shreds and Clean Sand (4)

TABLE X1.10 Summary of TCLP Results for Regulated Metals (12, 13, 14)

Ag As Ba Cd Cr Hg Pb Se
Concentration in Extract pg/L Hg/L Hg/L Hg/L Ha/L Ha/L Ha/L Ha/L
(ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
TCLP Regulatory Limit 5000 5000 100 000 1000 5000 200 5000 1000
Virigina DOT NAA NA NA 1.55 2.8 NA 19.6 NA
Scrap Tire Management® ND€¢ 2 590 ND 48 0.4 16 ND
Maine ND ND 357 185 84 ND 216 ND

A NA = not available, that is not measured or not reported for that study.
B Maximum value reported for the seven tire products that were tested.

€ ND = non-detect

13
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TABLE X1.11 Summary of Results for Field Studies - Pollutants With Primary Drinking Water Standards (4, 14, 15, 16)

Note 1—NA = not available, not measured or not recorded for that study.
Note 2—ND = Non-detect

As Ba Cd Cr Cu Hg Ni Pb Se
Mg/l Mo/l Mg/l Mo/l Ho/L Hg/L Mo/l Mg/l Mo/l
Regulatory Limit 504 20008 58 1008 1300¢ 2B 1008 15¢ 508
Minnesota FL <100 1930 32 350 NA <1 NA 230 <100
Groundwater
Minnesota PC <100 <10 <3 <10 NA <1 NA <20 <100
Groundwater
Wisconsin
East Lysimeter NA 570 NA NA NA NA NA 22 NA
Max Conc
Wisconsin
West Lysimeter NA 690 NA NA NA NA NA 5 NA
Max Conc
Tire Pond
Surface Water NA NA <2 NA <25 NA <40 NA NA
Max Conc
Richmond, Maine
Field Trial NA 45 <5 NA NA NA NA <57 NA
Max Conc
North Yarmouth
Maine
Field Trial
Max Conc C NA 225 <5 64 NA NA NA <57 NA
Max Conc D NA 113 <5 70 NA NA NA <57 NA
Maine <15 57 <5 7 19 NA NA <15 NA
TC Below GWT
Field Trial
Max Conc
A Federal Register, July 1, 1993; 40 CFR Ch. 1, Section 141.11 (29).
B Federal Register, July 1, 1993; 40 CFR Ch. 1, Section 141.62 (29).
€ Federal Register, July 1, 1993; 40 CFR Ch.1, Section 141.80 (29).
TABLE X1.12 Summary of Results for Field Studies - Metals With Secondary Drinking Water Standards and Other Parameters (4, 14,
15, 16)
Note 1—NA = not available, not measured or not recorded for that study.
Note 2—ND = non-detect
Al Ca Fe Mg Mn Zn S0,
ug/L mg/L mg/L mg/L ug/L ug/L mg/L
Regulatory Limit 50-2004 - 0.34 - 504 50004 2504
Minnesota FL 180000 1080 298 383 NA 870 NA
Groundwater
Minnesota PC 1800 14.4 4.4 2.8 NA <10 NA
Groundwater
Wisconsin
East Lysimeter NA 340 5.3 390 NA 560 450
Max Conc
Wisconsin
West Lysimeter NA 300 4 320 NA 750 150
Max Conc
Tire Pond
Surface Water NA NA 1.83 NA NA 30 17
Max Conc
Richmond, Maine
Field Trial 170 105 <0.1 18 290 <100 65
Max Conc
North Yarmouth
Maine
Field Trial
Max Conc C 150 437 1.5 141 902 1100 58
Max Conc D <100 481 4.8 157 3200 13 25
Maine 362 30 87 13 3430 123 22
TC Below GWT
Field Trial
Max Conc

A Viessman and Hammer (30).
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FIG. X1.6 Manganese Levels for Filtered Samples at North Yarmouth Field Trial (16)
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Whole Scrap Tire
MATERIAL SAFETY DATA SHEET

N/D = Not Determined N/A = Not Applicable
(Unknown)
SECTION I IDENTIFICATION
CHEMICAL NAME Rubber Compound (Mixture) containing natural and

synthetic that is physically/chemically bound with carbon
black, clay, titanium dioxide, zinc oxide, sulfur and

petroleum hydrocarbons.
COMMON NAME Scrap Tire (Whole)
MANUFACTURERS TRADENAMES EMERGENCY TELEPHONE NO.
Scrap Tire (Whole)

SECTION II HAZARDOUS INGREDIENTS

CHEMICAL NAME CAS NUMBER % HEALTH OSHA (PEL) PHYSICAL HAZARD
HAZARD AOGIH (TLV !
Carbon Black 1333-864 16-36 Irritant 3.5 mg/M Non-hazardous
Clay 12141-46-7 <1.0 Irritant N/D Non-hazardous
Titanium dioxide 13463-67-7 <l.5 Irritant 10 mg/M? Non-hazardous
Zinc oxide 1314-13-2 <2.0 Irritant 5.0 mg/m? Non-hazardous
Sulfur 7704-34-9 <l.5 Irritant N/D Non-hazardous
Peteroleum hydrocarbons 8002-29-7 5-13 Irritant 5.0 mg/m® Non-hazardous
Carcinogen
SECTION III PHYSICAL DATA
APPEARENCE ODOR MELT POINT SPECIFIC GRAVITY BOILING POINT
Solid Black Rubber N/D 1.085-1.331 N/A

Rubber

BULK DENSITY %VOLATILE BY VOLUME VAPOR DENSITY (AIR=1) VAPOR PRESS. %SOL. H20

N/A 0 N/A N/A Insoluble

OTHER N/D
FIG. X1.7 Material Safety Data Sheet for Whole Scrap Tires
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Whole Scrap Tire
MATERIAL SAFETY DATA SHEET

N/D = Not Determined N/A = Not Applicable
(Unknown)
SECTION IV FIRE AND EXPLOSION HAZARD DATA
FLASH POINT & METHOD IGNITION TEMP. FLAMMABLE LIMITS
N/D N/D LOWER UPPER

N/D N/D

FIRE EXTINGUISHING AGENTS AND SPECIAL PROCEDURES

Any of the following extinguishing agents may be used to combat any fires of this material:
water (dispersed with fog nozzles), carbon dioxide, dry chemical, Halon or alcohol foam. Water, dispersed with fog
nozzles, may be used to cool fire-exposed containers and to prevent pressure build-up.

Full protective clothing and MSHA/NIOSH (Mine Safety and Health Administration/National Institute for
Occupatinal Safety and Health) approved, positive pressure, self-contained breathing apparatus should be used while
firefighting. Thermal decomposition by-products may present a health hazard.

UNUSUAL EXPLOSIVE HAZARDS NONE

PRODUCTS EVOLVED WHEN SUBJECTED TO HEAT OR COMBUSTION

Potentially carcinogenic materials (including nitrosamines), carbon oixdes (carbon monoxide and carbon dioxide),
acrid fumes, and flammable hydrocarbons may be liberated as a result of thermal decomposition or combustion.
Avoid the smoke and fumes that result from thermal decomposition or combustion.

SECTION V HEALTH EFFECTS - EFFECTS of Exposure
LDS0 ORAL (INGESTION) LDS0 DERMAL (SKIN CONTACT) LCS50 INHALATION)
N/D N/D N/D
THRESHOLD LIMIT VALUE (TLV) PRIMARY ROUTE OF EXPOSURE
N/D skin (dermal) contact

EFFECT OF ACUTE (SHORT TERM) EXPOSURE:

No known health effects due to acute (short term) exposure.
EFFECT OF CHRONIC PEATED) EXPOSURE:

This material contains untreated naphthenic or aromatic extender oil. This oil could be released from the surface
through skin contact. Prolonged contact with these oils has been shown to cause skin cancer in laboratory studies
with animals. Untreated naphthenic and aromatic oils are classified as carcinogenic by IARC (Intemational Agency
for Research on Cancer). Prolonged or repeated contact may cause skin irritation or sensitization (allergic skin
reaction).

MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE: Skin Disorders
FIG. X1.7 Material Safety Data Sheet for Whole Scrap Tires  (continued)
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Whole Scrap Tire
MATERIAL SAFETY DATA SHEET

N/D = Not Determined N/A = Not Applicable
(Unknown)
SECTION VI EMERGENCY AND FIRST ATD PROCEDURES
EYES: Not expected to be a problem.
SKIN: Wash thoroughly with soap and water. If reddening or irritation develops, obtain
supportive medical attention.

INGESTION: Not expected to be a problem.

INHALATION: Not expected to be a problem.

OTHER INSTRUCTIONS:

Employees who have prolonged contact with material should practice good personal hygiene by frequent
washing of hands and arms with soap and water. Remove contaminated clothing and launder before reuse.
Shower at the end of each work day.

SECTION VI CHEMICAL REACTIVITY
CONDITIONS CAUSING INSTABILITY Stable under normal conditions.
INCOMPATIBILITY (MATERIALS TO AVOID) None.

HAZARDOUS DECOMPOSITION PRODUCTS

Potentially carcinogenic materials (including nitrosamines), carbon oxides (carbon monoxide and carbon
dioxide), acid fumes, and flammable hydrocarbons may be liberated as a result of thermal decomposition or
combustion. Avoid the smoke and fumes that result from thermal decomposition or combustion.

SECTION VIII SPILL, LEAK, AND DISPOSAL INFORMATION

STEPS TO BE TAKEN IN CASE MATERIAL IS SPILLED OR RELEASED

WASTE DISPOSAL: Reclaim or recycle material if possible. Dispose of materials-in accordance
with applicable federal, state and local guidelines and regulations.

FIG. X1.7 Material Safety Data Sheet for Whole Scrap Tires  (continued)
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Whole Scrap Tire
MATERIAL SAFETY DATA SHEET

N/D = Not Determined N/A = Not Applicable
(Unknown)

SECTION IX SPECIAL PROTECTION INFORMATION
All rubber products should be handled so as to prevent eye contact and excessive or repeated skin
contact. Appropriate skin protection should be employed. Inhalation of dusts should be avoided

EYES: Not required for normal use.

SKIN: Use of protective gloves is recommended. Wash hands before eating, smoking or using the
restroom.

INHALATION: Under normal conditions of use, respiratory protection should not be required.

ADDITIONAL PERSONAL PROTECTION INFORMATION:

Employees who have prolonged contact with material should practice good personal hygiene by frequent
washing of hands and arms with soap and water. Remove contaminated clothing and launder before reuse.
Shower at the end of each work day.

SECTION X STORAGE INFORMATION

PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE

Store indoors in a cool, dry, well ventilated area under ambient conditions. (Temperatures: 32-100°F 0°-
38°%C). Do not store in direct sunlight. Store and dispose of material in accordance with applicable federal,
state and local guidelines and regulations.

SECTION X1 ADDITIONAL COMMENTS

Components of this product are included in the EPA Toxic Substances Control Act (TCSA)
Chemical Substances Inventory.

FOR ADDITIONAL INFORMATION

NAME COMPANY TELEPHONE
FIG. X1.7 Material Safety Data Sheet for Whole Scrap Tires  (continued)
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