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INTRODUCTION

The windshield repair industry has existed for mban 20 years, since the original developmenhef t
vacuum pressure techniques developed in 1972.

Repairing windshields is an economically, environta#ly, and physically sound process that has the
capability to virtually restore a windshield to @sginal condition. When properly performed, wihdsd
repair can:

Significantly reduce the visibility of the origindhmage.
Improve the optical clarity within the damaged area
Reduce light scatter and haze within the damageal ar

Restore the structural integrity and strength efdlass, thereby preventing further spread of the
damage.

Restore a smooth surface to the damaged area it iaterference with proper operation of
windshield wipers.

Save the consumer money.
Save the insurance company money.

Save our environment by decreasing waste, pregpwaluable landfill space, and reducing pollution
from new glass fabrication.

Recognition of the viability of windshield repaiasiresulted in an increasing number of methods and
processes for repair, an increase in the numbicahicians performing repairs and, a widening eaoig
capabilities of both the repair systems and thdata chemicals used in repair.

To this date, with the millions of repairs perfoareround the country, there has not been a simgident
injury which was attributable to the repaired winidéd damage. Therefore, it is necessary to provide
guidelines for windshield repair and the inspectéthose repairs, so as to maintain that impeecsalety
record by ensuring that repairs restore the stratintegrity of the windshield and reduce the iidly of the
damage.
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PURPOSE

It is the expressed intent of these guidelines to:

1. Provide a method by which inspectors, insuraapessentatives, windshield repair technicianstaad
general public can evaluate the repairability spacific windshield damage, determine the ideairagsults
possible for that damage and compare the finisepdir with the ideal results.

2. Ensure that the inspectors and insurance repedses are educated in the properties of a phpper
performed repair so that they will be able to ddfgiate between deficient, unacceptable repaikvaod
appropriate repair work.

3. Ensure that inspections in states where theyegu@red, are unbiased and consistent to theageaxtent
possible.

4. Ensure that new technicians understand the cieaigtics of a properly completed, high qualitpa:.

5. Ensure that the repair industry's unmarked gaéstord is maintained.

6. Encourage technicians to strive for the highestity repair possible.

7. Provide consumers with an understanding of etepair service has a capability of providing.
These guidelines are not intended to restrict tvaacement or technological growth of the repadustry,

that is, additional technological advancements prayide the technician with the ability to propeayd
completely repair damage more severe than thosastied herein.

GUIDELINES

These guidelines have been developed and are eddoysepresentatives of the windshield repair sty
including distributors, franchisors, manufactur@nsgentors, patent holders and practicing repainmécians.
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SCOPE

These guidelines are designed to provide inspeutibinsthe basic knowledge necessary to differeatiat
between a high quality, properly completed andcstmally sound repair, i.e., the best possible iragsults,
and low quality, incomplete and structurally unsduepairs.

These guidelines include commonly used windshigéir terminology and concepts, recommended
procedures for the inspection of repaired stoneadgnincluding cracks, and similar impact damage on
laminated glass windshields of road vehicles.

The guidelines are intended to apply to the repliaminated glass windshields with the performance
attributes embodied in "TANSI" impact and "AST#ffuctural tests.
Recommendations are made regarding the followisuess:

Repair of damages within the “acute area” of thedshield.

Types of breaks which should not be repaired irathée area".

Methods to visually assess the quality of a coneplegepair.

Chemical properties which are made available tartlestry from chemical manufacturers or sellers.

Equipment capabilities to be met by manufacturedisiributors of repair systems.

Repair information addressed in these guidelinésisgd on the following:
Experience with commercial windshield repair tecforgis and inspection.
Independent laboratory testing of structural stteragnd impact resistance.
Field testing with a variety of commercial winddHieepair techniques, systems, and chemicals.

History of windshield repair pertaining to occupaatety.
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WINDSHIELD REPAIR TERMINOLOGY

Acute area: An approximately 8-1/2" wide by 11" high area stay at the top of the steering wheel
encompassing the area which is directly in frornthefdriver. (see diagram)

Bottom of crack: The very fine visible hairline running along ttarination.

Bullseye of stone breakThe dark circle encompassed by and surroundingrthact point.
Typically any small radiating clucks will convergeo the bullseye. This is an open air space. Tdr&kress is
caused by light refraction in this open area.

Cosmetic blemish:Small voids or air bubbles in the interior of aepair which appears as light refraction or
dark spots. This specifically excludes the impahp

Crack: A single line of separation in the outer layegtass, with a microscopic gap, widest at the edge a
narrowest at the point.

Delamination: Lamination deterioration usually exhibiting a fggavhitish or yellowish appearance.

Deterioration: A tensile or adhesion failure of the resin whigip@ars as an area not repaired or exhibiting
refraction.

Edge of crack: Where the crack meets one of the four sides ofvihdshield. This is the widest, most
stressful part of the crack. If not properly repdirdeterioration may begin at this area.

Extending crack: A leg of a stonebreak extending past the outeuniference of the bullseye, less than 3" in
length.

Head-on angle:The view of the crack which is perpendicular te gnofile of the crack. The head-on angle is
a "seam" and is always visible at the conclusicarepair. This angle is not used by the tecangiwhen
repairing damage and is not a valid angle from tiacdetermine the quality of a repair for inspecti
purposes.

Horizontal crack: A short or long crack which commonly runs to tkige of the left or right side of the
windshield. Also included would be unsurfaced ceadkrepair of this type may be acceptable across t
acute area, provided that it does not contain asynetic blemishes as defined in these guidelinesinder
the driver's vision.

Impact point: The actual location on the outside layer of glasigh was struck, usually by a stone.
Typically, a small piece of glass is missing. Timpact point is the location for the chemical's pgssinto the
break. It is the size of this area of missing, @ivprized glass that generally determines the Witsitof the
resulting repair.

Interior of crack: The largest area of the crack in between the nojpbattom which is filled with the repair
chemical. In a proper repair, this area shouldléarcwhen viewed from the profile.

L-shaped crack: A short or long crack which typically comes off etige and changes direction after a few
inches.

Leg: Reference to a single crack usually less tham 8rigth which emanates from the initial bullsef¢he
stone break. Star breaks are so called becauke afultiple legs emanating from the center.

Long crack: A crack over 6" in length and usually surfaced.
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Point of crack: The opposite of the edge, the tightest part otthek terminating within the body of the
windshield.

Profile of crack: The angle which allows view of the entire thicksve$ the crack, from the outer surface of
the glass to the lamination. The profile of theckrappears as light refraction and is the angéxhrtician
observes when performing a repair. This is alsatigde from which the repair MUST be inspected to
accurately evaluate the quality of the repair.

Refraction: The bending of light rays in passing from one magdto another; the mirroring (shiny) image
seen along the profile of a crack. Refraction stidialve been significantly reduced when the comgletpair
is viewed from its profile.

Short crack: A crack under 6" in length.

Tip of crack: The ends of the cracks radiating from a stonekbrea

Stone break:A sub-surfaced break on the outer layer of winglshglass, typically coin size and containing
small radiating or extending cracks. Stone breagsammonly referred to as star breaks, bullseyes,
combination breaks.

Top of crack: The very fine visible hairline at or near the adessurface of the glass.

Vertical crack: A short or long crack which runs up and down, ¢gfliy off the top or bottom of the
windshield. Repair of vertical cracks which traeetise acute area are not recommended.

STONE BREAKS

Combination Star Break Bullseye

Short crack (under 6")

Profile

] Head-On

I Hedqd-on angle ay shown here is invalid for repair examination except when the
crack 15 in the acute areq.

Long crack {(over 6")

Profile
I Head-On
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INSPECTION OF A REPAIRED BREAK

1. Inspector must know repair terminology.
2. Inspector must know how to differentiate betwtenprofile of a crack and its head-on angle.
3. Inspect repair from the inside of the vehicle.

Finding the Profile and Head-on Angle of a Crack

Note:

Horizontal Crack:
Sit directly in front of the repair, inside the wek, in a normal sitting position. From this angle
you will see the profile of the repaired crackshibuld be almost undetectable. If you lie down
on the seat you will see the head-on angle.

Vertical Crack:
By sitting directly in front of the repaired crag&u will see its head-on angle. Move to the left
or right to observe it's profile, it should almdstappear at its profile.

People do not focus on the windshield when drithrey focus out the windshield.

A repair is less detectable than dirt, bugs or wimeld wiper scratches that are almost always ptesemost
vehicle windshields.

REPAIR LIMITATIONS

Limitation on repairs defined by size or lengthbo¢ak could unreasonably restrict the industry's
technological growth. Laboratory and field testafaon windshield repair is a structurally sound gees.
Limitation should be based solely on the visibkutes and structural integrity of completed repairs

1.

Size and Length:
None specified.

The size and/or length of the break is not therddteng factor in whether or not a repair can or
should be performed. Different tools, chemicals amahods make repair capabilities of one system
different from another. However, it is known by ustry experts that most repairable long cracks are
less than eighteen inches. The most critical corapbis that the repair has been properly performed
and should be judged by visual inspection.

Acute area:

Breaks within the acute area may be repaired peavillat:

A. The repaired damage does not hinder the drivesign.
B. The repair contains no cosmetic blemishes asettin these guidelines.

Vertical cracks (short or long as defined in thgselelines) are not recommended for repair in the
acute area.
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GOOD REPAIRS

Crack:
Interior of crack is clear

Top of Crack

Interior \\ ;
% Painl

Bottom of Crack - at lamination

Stone damage:

i3}
1) (1&2)

Bullseye of stone break is clear.

Profile of each leg is clear.

Tips are clear (filled).

A thin skeleton remains in all repairs, espégia a combination break.

PpwpNPE

COSMETIC BLEMISHES

Cosmetic blemishes do not affect the structuragnty of the repair as long as they are in thedbeid
area of the break and not at an end, tip or edg®t lin the acute area, blemishes are acceptable.

Blemishes should constitute less than 15% of thaired crack or break.

Examples

Short or Long crack

;,.' \-\

-

Deterioration:
Will occur at the edge if: A) not properly repair@®) improper repair chemical used; C) presence of
dirt or moisture in crack when repaired.

Evidence of deterioration is a reason to fail.

(Example)
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WHEN TO FAIL RECOMMENDATION:

Acute Area L
1. Fail all vertical cracks (long or short) in theute area.

2. Fail all repairs with cosmetic blemishes asra=diin the acute

area.

3. Fail any repair which hinders driver's vision.

Remaining Areas of Windshield

1. Fail if tips of cracks (including radiatingacks from stone breaks) are refracting from itsifa.
2. Fail any long or short crack with signs of detetion at the edge.

3. Fail if interior of any crack is refracting frois profile.

4. Fail any repair that contains cosmetic blemisifesore than 15%.

examples:

Tip not filled: “‘_--,.

Refracting Interior

i -

Edge Deteriorated

1 i

TRAINING FOR REPAIR TECHNICIANS
It is strongly recommended that professional regpaibe trained by the manufacturer/distributohefriepair

system or their approved representative. Howevestiwompanies do supply their technicians with an
adequate instruction manual, video and technigabed.
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RECOMMENDATIONS FOR SELLERS AND/OR MANUFACTURERS
OF RELATING REPAIR EQUIPMENT AND CHEMICALS

Sellers and/or manufacturers of repair chemicatsilshbe required to pass the same tests as theddars
new, unaltered laminated glass. Repair adhesivaddimeet the following criteria:

ANSI/SAE Z26.1, "American National Standard for &gfGlazing Materials

for Glazing Motor Vehicles and Motor Vehicle Equipnm Operating on Land
Highways-safety Code".

a. Impact, test 9 (dart drop, 30 feet).

b. Impact, test 12 (ball drop, 30 feet).

c. Penetration resistance, test 26.

d. Boil, test 4.

e. Humidity, test 3.

f. Light stability, test 1 (at least 70% of theginal transmittance).

g. Luminous Transmittance, test 2 (at least 70%h@foriginal transmittance).

ASTM C158-84, "Standard Methods of Flexural Testh@lass (determination of Modules of
Rupture)".
Refractive index of chemical should be near théit.62.
Distributors and/or manufacturers of repair equiptnshould ensure that their equipment can remosait
from stone breaks and achieve a complete fill efdamages they promote their system will repair.
TECHNICIAN RECOMMENDATIONS
Technicians should provide their customers withrigten guaranty of work per- formed.
Repair guarantees which provide for credit towdinéspurchase of a new wind- shield can create athigal

situation due to a political conflict of interestdhare therefore not in the best interests of timelshield repair
industry or the customer.
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REFERENCED DOCUMENTS

ANSI/SAE Z26 1- 1990 "American National Standard $afety Glazing
Materials for Glazing Motor Vehicles and Motor Velei Equipment
Operating on Land Highways Safety Code.

ASTM C 158-84 "Standard Methods of Flexural Testf@lass (Determination of Modulus of
Rupture).

United States Testing Co., Inc. - Lab Reports afddB-O-N-D, Inc., ANSI Z26 and ASTM C158-84.
Training Manual - Ultra B-O-N-D, Inc., 1990, 199993.

Training Videos - Ultra B-O-N-D, Inc. CrackMasteand II.

Field Tests - Ultra B-O-N-D, Inc., Chemical propest durability and the effect of year round
climate. Viscosity, wetting and ambient temperatuPeevention of deterioration in surfaced cracks.
Controlled vs uncontrolled environments. Minimunogerties per year round climate.

Operations Manual, Glas Weld Systems, Inc. 1991.

Training Manual, Novus - Use of equipment.

Windshield Repair Magazine - Sept./Oct. 1994, and.KDec. 1994.

Field Test - Windshield Repair Specialist - Cherhwiscosity and surfaced cracks.

Training Manual - The Glass Mechanix, 1992.

Windshield Repair Journal, Feb. 1994, May 1994.

Glas-Weld Systems Inc. British Standard Tests ABS251: 1994 Edited by Joel Morse, practicing
technician and trainer.

Edited by Joel Morse, practicing technician anthta
Written by Richard Campfield, a worldwide distribuand manufacturer of windshield repair
equipment & chemicals, holder of five windshielpae patents, publisher, author and producer of

numerous training manuals, videos, and newslefpaitsjsher of Windshield Repair Magazine,
conductor of numerous field tests and practicimgptécian & trainer since 1986 .

Permission to copy these Guidelines is grantechimae.
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QUICK REFERENCE
Stone Damage
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