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PREFACE Praxair, Inc.

The following Recommended Practice is subject to
the Disclaimer at the front of TMC's Recommended
Maintenance Practices Manual. Users are urged to
read the Disclaimer before considering adoption of
any portion of this Recommended Practice.
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PURPOSE AND SCOPE

The following photographs and explanations depict
common tire failures and their causes. This guide is
designed to be a reference source and a training aid,
and to assist users in tire grading. It advises users
when it may be necessary to consult with a specialist
(original manufacturer or retreader) for final determi-
nation of a tire’s cause of failure. This guide is not
designed to be the sole basis on which to base tire or
retread warranty claims

This guide is divided into two sections. The first deals
with conditions found in tubeless radial tire casings
and in original tires. Casing conditions that may be
exhibited by retreaded tires can also be found in this
section. The second section addresses conditions
found in the tread area of retreaded and repaired
tires.
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INTRODUCTION
Determining the causes of tires placed out of service
is of vital importance to the fleet operator because of
the substantial investment that tires represent. To
protect your investment in tires, it is necessary to
know what caused each tire's removal from service.
This publication will lead to cost savings through
providing guidance and help in the following areas:
1. Eliminating causes of failures if possible.
2. Retreading and repairing tires and placing
them back into service.
3. Presenting tires for warranty credit when ap-
plicable.
4. Improving tire maintenance and tire selection
if necessary.

Tire grading should be done prior to the tire being
placed in a “scrap pile.” After a tire has been de-
mounted from the rim and before itis rolled out the tire
shop door, the tire should be inspected with the
following questions in mind:

Is the tire serviceable?

Is it repairable or retreadable?

Coulditbe usedina limited service operation?
Should the tire be presented to the original
manufacturer or retreader for warranty?

5. If none of the above apply, is it strictly junk?

W=

These questions must be answered before the tire is
placed in the scrap pile since the tire may lose its
usefulness to rust while waiting in the pile to be
graded. Any usable tire should be stored in a dry
covered area.

Once it is determined that a tire should be scrapped,
the appropriate information should be recorded and
enteredinto a database for further analysis. Accurate
and simple records which include causes of failure,
cap numbers, tread depths, etc. are extremely impor-
tant and helpful when purchasing decisions must be
made.

TIRE INSPECTIONS
Remove all foreign objects and water from the tire
and examine throughly in a well-lighted area. For
inspection purposes, the tire can be divided into
seven areas (see Fig. 1):

1. Tread or Crown Area.

2-3. Upper Sidewall and Shoulder Area on each

side.
4-5. Lower Sidewall and Bead Area on each side.
6-7. Interior on both sides.

UPPER

CURB J

LOWER LOWER
SIDEWALL SIDEWALL
BEAD v

Fig. 1

Begin by inspecting the tread area. Use your hands
and eyes to check for punctures, cuts, foreign ob-
jects and any distortion in the tread.

Move tothe upperand lower sidewalls. Inspectthese
areas for separation between casing components.
This is usually denoted by cracks or bulges, damage
to the bead and bead wires, deterioration of rubber
caused by oil and grease, weather checking, cuts
and penetrations. Then examine both sides of the
interior looking for wrinkling or corrugations in the
inner liner caused by running flat or underinflated,
blisters or lumps, cracks and looseness.

Mark all damage, punctures, and separations with a
paint stick as you find them. Rotate the tire as
necessary for thorough inspections. Use a probe to
determine the origin and extent of damage. Inspect
the complete tire prior to determining the cause of
failure (i.e., often a separation in a tire sidewall may
be caused by a nail hole puncture in the tread or a
failed repair that would only be noticed by inspecting
the interior of the tire). It is possible for a tire to have
more than one out-of-service condition. On the exte-
rior of the tire, mark the final disposition based on
your inspection; for example, repair, retread, scrap,
etc.

Fig. 2 is a radial tire section with definitions of its
various components. Understanding the construc-
tion of the tire will make failure analysis easier.
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(1) TREAD

UNDERTREAD
SHOULDER
(2) BELTS

SIDEWALL (4)

BELT
WEDGE

CHIPPER  (8) cerinG

" INNERLINER
(5)

PLY TURN UP
BEAD

WIDTH FILLER (6)

CHAFER (7)

(1) Tread—This rubber provides the interface between the tire structure and the road. Primary
purpose is to provide traction, directional changes and wear.

(2) Belt—Belt plies, especially steel, provide strength to the tire, stabilize the tread, and may protect
the air chamber from punctures.

(3)Radial Ply—The radial ply, together with the belt plies, contains the air pressure of the tire. The
ply transmits all load, braking, and steering forces between the wheel and the tire tread.

(4) Sidewall—The sidewall rubber is specially compounded to withstand flexing and weathering while
providing protection for the radial ply.

(5) Inner Liner—A layer of rubber in tubeless tires specially compounded for resistance to air
diffusion. The liner in the tubeless tire replaces the innertube of the tube-type tire.

(6) Apexes—Rubber pieces with selected characteristics are used to fill in the bead and lower
sidewall area and provide a smooth transition from the stiff bead area to the flexible sidewall.

(7) Bead Reinforcement/Chafer—A ply laid over the radial ply turnup outside of the bead that
reinforces and stabilizes the bead-to-sidewall transition zone.

(8) GG Ring—Used as a reference for proper seating of the bead area on the rim.

{9) Bead Bundle—Made of continuous high-tensile wire wound to form a high-strength unit, the bead
bundle is the anchor foundation of the casing which maintains the required tire diameter on the rim.

Fig. 2: Cross Sectional View of Radial Tire
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GLOSSARY

Air Migration—The movement of air from one loca-
tion to another within a tire casing.

Assembly Out of Balance—An out-of-balance ro-
tating assembly exists when there is an unequal
distribution of weight around the axis of rotation.
Total wheel end balance consists of the tire and
wheel assembly, the brake drum, and the hub.

Axle Deflection—The amount of bending an axle
exhibits when under load.

Axle Misalignment—A condition that occurs when
the axles are not perpendicular to the frame and
parallel to each other.

Bead Area—The general areafrom the top ofthe ply
turn-up to the bead toe.

Bead Chafing—Functional wear ofthe bead against
the rim

Bead Flange Area—The area of the tire where the
rim flange touches the tire. Also referred to as the
bead bearing area.

Bead Reinforcement—A fabric or wire ply laid over
the radial ply turnup outside of the bead and under
the rubber chafer that stabilizesthe bead-to-sidewall
transition zone.

Bead Seat—Area where bead fits the rim.

Bead Seating—Positioning of the bead on the rim.

Bead Toe—That part of the bead that faces the
inside portion of the tire.

Belt Package—Belt plies that provide strengthtothe
tire and stabilize the tread

Bond Line—See Buff Line

Bonding Gum—{See Cushion)

INNER LINER

CROWN AREA
TREAD WIDTH

SHOULDER

/ PLY
/4 TURN UP

) BEAD
.t RENFORCEMENT

e T
geap 15° TAPERED

= 8eap

SOLE HEEL BEAD SEAT

\—TUBELESS BEAD AREA

Fig. 3: Tubeless Tire
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Bonding Materials—Cushion and cement used to
bond tread or repair units to the casing

Brake Skid—A flat spot on the tread that is a result
of excessive braking and dragging the tread overthe
road surface

Buff Line—The dividing line in the cross section of
a tire between the buffed surface of the original tire
and the new retread rubber.

Buffed Texture—That surface produced by buffing
or rasping the tire to remove rubber for a retread or
a repair unit.

Camber—The inward or outward tilt of the wheels
when viewed from the front of the vehicle. Camber
is the angle that is built into the axle during the
manufacturing process.

Casing—The tire structure excluding tread rubber or
design.

Casing Integrity—The quality and soundness ofthe
tire structure.

Casing Preparation—Procedures performedto pre-
pare the casing for retreading which include buffing,
skiving, cementing and build up.

Circumferential Break—An opening in the tire that
extends across the plies in a circumferential direction.

Circumferential Direction—360° around the tire.

Cords {Cord Material)—The strands of wire or
fabric that form the plies and belt in a tire.

Crown Area—The area of atire across the tread and
between the belt edges.

Crown Radius—A measurement of the buffed sur-
face curvature from shoulder to shoulder on a casing
being retreaded.

Cure—The process of vulcanization of rubber by
applying heat and pressure over a period of time.

Cushion—A tacky natural rubber compound used
for adhesion, undertread repair and build up.

Cushion Migration—The shifting of the tread bond-
ing material during vulcanization, which results in a
spot of uncured tread.

Decoupling Groove—(See Defense Groove)

Defense Groove—A groove molded intothe outside
shoulder ribs of tires for the purpose of reducing or
eliminating irregular wear.

Delamination—The separation of layers of rubber.

Dolly Axle—The axle on a piece of equipment that
has afifthwheelto hook up asemitrailer and connect
it to another semi-trailer.

DOT Number—U.S. Department of Transportation
identification number.

Dual Position—A wheel position on a vehicle where
two tires and wheels are mated to carry the load.

Dual Spacing—The distance from the center of a
tire to the center of the other tire in a dual tire
arrangement. [t is determined by adding two half
dual spacings {disc wheels) or two rim offsets plus
one spacer band width (demountable rims).

Dynamometer—An instrument used to measure
engine power involving rotating the vehicles tires on
steel rollers.

Flow Crack—The separation of rubber compounds
usually found in the lower sidewall area.

Fill Rubber—Rubber used to fill the cavity of an
injury being repaired

Flex Area—The area of a tire that deforms when the
tire runs through its footprint; this area normally
extends from the belt edge to the bead area.

Foreign Object—An object that is not part of a tire
but usually is cause for damage to the tire such as a
nail, piece of metal, chock block, etc.

Free Rolling Axles—Axles that are not powered
such as steer and trailer axles.

Full Cap—Application of newtread rubberto include
not only the tread area but also the shoulder area.
The finished retread will ook like a new tire.

GG Ring—Gravel Guard Ring located above the rim
flange on the tire.

Groove (Tread Groove)—The space between two
adjacent tread ribs or lugs.
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Inner Liner—The layer or layers of rubber laminated
to the inside of atubeless tire to contain the inflation
pressure.

InnerLiner Splice—The overlap of inner liner mate-
rial inside the tire.

Lateral Runout—The variation of a rotating assem-
bly in a side-to-side direction.

Liner—See Inner Liner

Liner Sealer—A latex rubber solution that is painted
onto the innerliner to help prevent air migration
through the liner.

Localized Area—Isolated area; not extending
through tire.

Lugs (Tread Lugs)—The raised block elements in
the tread design.

Mold—Equipment in which a new tire is cured or
equipment in which new tread is cured to a worn tire.

Mold Cured Retread—A retread that is vulcanized
in a mold usually made of aluminum or steel that
contains the tread design that is impressed into the
new rubber as it cures.

Mold lubricant—Material used as a mold release to
facilitate removal of the tire from the mold after
curing.

Nail Hole Repair—A repair in the crown that is 3/8”
or less in diameter.

Non-Fill {Tread Non-Fill)—Failure of the tread rub-
ber to properly fill the mold during cure resulting in
imperfectly formed tread elements and rounded lug
edges (light spots)

Oxidation—The reaction of oxygen with rubber or
steel, usually evidenced by a change in the appear-
ance (discoloration) of the surface, a change in
physical properties, or wire rust.

Ozone—an unstable gas that is a form of oxygen,
which is created usually by a silent electrical dis-
charge. It is an oxidizing agent that attacks rubber.

Ply—A layer of rubber coated parallel cords.

Porosity—A rubber condition which exhibits many
small pores, usually the result of lack of heat or
pressure during the curing process.

Precure Tread—Tread that is vulcanized with the
tread configuration molded into it prior to being
placed on the buffed casing.

Pressure Differential—The difference in pressure
oh the outside of the tire and in the inside of the tire
as the tread is vulcanized.

Pressure Distribution Groove—(See Defense
Groove)

Radial Direction—From bead to bead

Radial Runout—The variation in the radius of the
rotating assembly that results in an up and down
direction or “hop.”

Reinforcing Materials—Any material, usually rub-
ber and fabric, vulcanized to a tire to add strength to
the tire cord body at an injury; repair units.

Reinforcing Platform—That part of a repair unit
where reinforcement material is concentrated.

Repair Gum—Uncured rubber that is used to fill
injuries and repair tires.

Repair Limits—Maximum length and width dimen-
sions of an injury in a tire that can be repaired.

Repair Plug—The precured rubber material that fills
the cavity of an injury in a tire.

Repair Unit (Patch)—The reinforcing material used
to strengthen the area around an injury in a tire

Retreaded Tire—A casingto whicha new tread has
been cured to extend the usable life of the tire.

Ribs {Tread Ribs)—Continuous circumferential tread
elements.

Rubber Stem—(See Repair Plug)
Section Repair—Any structural repair inthe sidewall

or repairs exceeding a 3/8” nail hole that extend
through the casing in the crown.
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Separation—Lack ofadhesion or cohesion between
any adjacent materials in a tire.

Scorched Rubber—Oxidation caused by exces-
sive heat during the buffing and skiving processes;
rubber appears shiny and bluish in color and will not
cure properly to other compounds.

Shoulder Area—General area where the sidewall
meets the tread

Shoulder Groove—See Defense Groove

Sidewall Area—That portion of a tire between the
tread and bead area

Skive—An area in which damaged rubber and belt
material is removed prior to repair or retreading

Splice—Junction of the ends of any tire component.

Spread Axles—Tandem axles which are spaced far
apart to carry heavy loads

Stress Relief Groove—(See Defense Groove)

Thrust Angle—Rear tandem axles that are not
perpendicular to the frame but are parallel to each
other and push the vehicle in the direction they are

running.

Toe Condition—The inward or outward pointing of

the wheels when viewed from the top of the vehicle;
the difference between the centers of the front and
the rear of the wheels as seen in a top view of the
truck. The wheels of a vehicle with properly adjusted
toe are traveling straight ahead when the vehicle
itself is traveling straight ahead.

Top Cap—Only the top ortread area is buffed and a
tread rubber with abrupt shoulders is applied.

Tread—The rubber that provides the interface be-
tween the tire structure and the road. Primary pur-
pose is to provide traction and wear.

Tread Skirt—That part of a full cap precure tread
that covers the shoulder.

Tread Grooves—Space betweentwo adjacent tread
ribs and/or lugs.

Tread Splice—The junction of tread ends

Unbalanced Brake System—A brake system con-
dition that results in a variation inthe amount of brake
force that is applied to each axle end on a vehicle.

Undertread—The rubber between the base of the
tread groove and the top belt.

Weathering—Fine hairline cracks in the sidewall
surface of the tire caused by oxidation and other
atmospheric effects.

PREFACE TO THE RADIAL TIRE CONDITIONS ANALYSIS GUIDE

The following photographs and explanations depict
common tire failures and their causes. This RP is
designed to be a reference source and atraining aid,
and to assist users in tire grading. It advises users
when it may be nhecessary to consult with a specialist
{original manufacturer or retreader) for final determi-
nation of a tire's cause of failure. This RP is not
designed to be the sole basis on which to base tire or
retread warranty claims.

This RP is divided into two sections. The first deals
with conditions found intubelessradial tire casings—
both original and retreaded. The second section
addresses conditions affecting treadwear perfor-
mance.

Each condition is designated with alpha as well as
numeric condition codes noted on each page. Read-
ers can use these codes—which come from Code

Keys 21 and 22 in TMC's Vehicle Maintenance
Reporting Standards— for recordkeeping purposes
and ease of analysis. Alpha codes are provided for
those equipment users that prefer this method of
coding. The corresponding numeric code employs a
coding system as follows. The first digit “1” denotes
tiresingeneral. The second digit denotes aparticular
section of a tire accordingly:

1—Bead Area

2—Sidewall Area

3—Crown Area

4—Tire Interior

5—Improper/Failed Repairs

6—Conditions Found in More Than One Area of the
Tire

7—Irregular Wear Conditions.

The third and fourth digits designate a particular
condition.
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BEAD DAMAGE FROM RIM FLANGE WEAR

BEAD AREA—CASING CONDITIONS

APPEARANCE

The heel of the bead is rough and abraded 360°
around the tire and is usually evident on both
beads. In more severe conditions, the bead may
be deformed and cracking may result in the rim
flange area of the tire.

PROBABLE CAUSE(S)

Low air pressure, incorrect rim size, rough or
damaged rim flange, or rim flange onh aluminum
wheels.

ACTION
Tire: |f wires are visible, scrap tire. If only rubber

is distorted, return to service on other than steer
axle.

Vehicle: Inspect wheel for damage and ensure
the rim size is correct for the tire.

Operations: Ensure wheel flanges are inspected
prior to mounting the tire assembly.

CONDITION CODE

ALPHA NUMERIC
FW 1101
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BEAD DAMAGE DUE TO OVERLOAD

BEAD AREA—CASING CONDITIONS

APPEARANCE ACTION

Severe wheel impression in the rim flange area. Tire: Scrap the tire.

Distortion and deformation of the bead in the bead

bearing area and lower sidewall area. Vehicle: Inspect the wheel for damage as well as
shocks, springs, and other suspension

PROBABLE CAUSE components.

Running overloaded, beyond the maximum rated

load of the tire or running with insufficient inflation Operations: Ensure proper load distribution and

to carry the load. avoid overloading.

CONDITION CODE ALPHA NUMERIC
BO 1102
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TORN BEADS

BEAD AREA—CASING CONDITIONS

APPEARANCE ACTION
Bead toe rubber is torn or cut exposing the wire or Tire: If no rust on the wire is evident, repair and
fabric. return to service. If wire is rusty, gouged, kinked

or broken, loose or separated, scrap tire.
PROBABLE CAUSE(S)
* Poor mounting/demounting techniques with  Vehicle: None
tire tools and/or poor lubrication,

« forklift damage, and; Operations: Review mounting/demounting

« poor tire handling procedures. procedures and tire tools. Ensure the tire beads
are well lubricated. Also check tire handling
procedures.

l CONDITION CODE ~ ALPHA  NUMERIC
; B 1103
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KINKED/DISTORTED BEADS

BEAD AREA—CASING CONDITIONS

APPEARANCE ACTION
Local areas of distortion in the bead seat area. Tire: Scrap tire.
PROBABLE CAUSE(S) Vehicle: None
= Improper use of tools or incorrect techniques
used when mounting the tire, and; Operations: Review mounting/dismounting
= shipping/handling damage. procedures and tire tools. Ensure the tire beads
are |ubricated. Review shipping and handling
procedures.

CONDITION CODE ALPHA NUMERIC
KB 1104
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BEAD DEFORMATION

BEAD AREA—CASING CONDITIONS

APPEARANCE ACTION
Circumferential indentation of the bead area on Tire: If wires are visible, scrap the tire. If only the
the tire. rubber is distorted, return to service on other than

the steer axle.
PROBABLE CAUSE(S)

Rusty rims, improper bead/rim lubrication, and Vehicle: None
bent or damaged rims which result in improper
bead seating. Also overload or underinflation. Operations: Review mounting/demounting

procedures and the use of tire tools. Ensure the
tire's beads are well lubricated. Verify that tire is
the correct load range and properly inflated for the
operation.

CONDITION CODE ALPHA NUMERIC
BD 1105

RP 216B — 14



BURNED BEADS

BEAD AREA—CASING CONDITIONS

APPEARANCE
Rough, brittle, distorted and/or discolored hard
surface in the bead area.

PROBABLE CAUSE(S)

Excessive heat exposure caused by frequent hard
braking; improperly adjusted brakes; faulty braking
system; insufficient air flow around the brakes.

ACTION
Tire: Scrap tire.

Vehicle: None

Operations: Determine the source of excessive
heat and correct the braking condition.

CONDITION CODE

ALPHA NUMERIC
BB 1106

RP 216B — 15



BEAD DAMAGE FROM CURBING

BEAD AREA—CASING CONDITIONS

APPEARANCE ACTION
Localized rippling or waviness in the bead flange Tire: Remove from service and consult the tire
area with no exposed cord. Scuffs, abrasions and manufacturer.

shags may also be apparent in the lower sidewall.

Vehicle: None
PROBABLE CAUSE

Curbing. Operations: Review driving procedures.

CONDITION CODE ALPHA NUMERIC
CD 1107

RP 216B — 16



PETRO/LUBRICANT DAMAGE

BEAD AREA—CASING CONDITIONS

APPEARANCE

Rubber exhibits blistering, swelling, or spongy
condition in the bead area. In later stages the
bead may appear dry and brittle. Petroleum odor
may be evident.

PROBABLE CAUSE(S)

Use of petroleum-based products as a lubricant,
{such as oil, diesel fuel and antifreeze) during
mounting or demounting. Exposure to petroleum
products during service.

ACTION
Tire: Scrap tire.

Vehicle: None

Operations: Use of proper non-petroleum-based
tire lubricants.

CONDITION CODE ALPHA NUMERIC
PB 1601

RP 216B — 17



REINFORCE/CHAFER SEPARATION

BEAD AREA—CASING CONDITIONS

APPEARANCE ACTION

Circumferential cracks above bead flange area Tire: Remove from service and consult tire
with cord material exposed. manufacturer.

PROBABLE CAUSE(S) Vehicle: None

Improper bead seating, improper rim size, over-

load condition, underinflation, impact or possible Operations: Ensure proper rim sizes, mounting
manufacturing condition. procedures and inflation pressures are utilized.

CONDITION CODE ALPHA NUMERIC
CS 1108

RP 216B — 18



LOWER SIDEWALL/BEAD AREA FLOW CRACK

BEAD AREA—CASING CONDITIONS

APPEARANCE ACTION

Circumferential crack above the bead with no wire Tire: Remove from service and contact the tire
exposed. manufacturer.

PROBABLE CAUSE Vehicle: None

Improper rubber flow during the manufacturing

process. Operations: None

CONDITION CODE ALPHA NUMERIC
FC 1109

RP 216B — 19



