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TBSTS PROVE IILTRA BOIID STRONGER TEAIT GT,ASS

gluce lntroducltrg the notr patentod crack r6pal,r Ethod lD F€bruary 1990, IoDg cracka h!v6 b€cor a rhott lE8u6
ln sindshLald repal,r. As quostlou8 coDcsrllng the sal€ty of th€ proc!€a. bad boeu ralsd, Ultra B-O-I-D, IBc.
coltllctod aB lDde[,€adeat hb to coDduct 6€v6!a1 test! to dgterdro rbotber a clack ropalred urbg tb6 U1tra
BOND proceBa woulds 1) rsstore th€ atructulal lutogrLty of the g1a8ai 2) d€trlleEtal1y affect th6 l'n{natloli
3) prsvent th€ ladlatod g]lsa lroD lunctlo[Iug prop€rfy upon bp.ct.

In each of th€ tests lt raE provsD that a loug cEack r€palted rl,th the U1t!r BOND procosr a! dsscribed lD patslt
151116r{{1, d1d not adv€l8€ly affect tbe rlDd.bleld. llhe reaulta eere .a follosa:

1. Structulal IBtagrLty - r..tor6d
2. LrEfuatlon - llo negatlve effectB.
3. Pulctlon - OLaaB lrarforiEaDc€ yas the a!.!6 aa orlghal, uae glasa.

Ihs crackad glasa aalplaa raro llrat sxpo.sd to uata!, huoldlty, [rtusr1 t.Elreratuts ch.rgcr (tbe srvltolmnt),
p1ac6d lu a freezer at 10 F, arl (xr6! at 150 F, rld urshed ulth yludehlald cleaalag fluld. |IhlB was to Eilulata,
aa cloEa ar poaBlble, whrt a crackoal rlillshl€]'d tlry ba qpoa€d to prloa to repala. It rhould b€ Dot d tbrt jlg
€v€rv Llpact t66t the EeDaLrcd crack rapal,ned lntact.

In the structural trt grlt!, t..t8, tba load oB the ropalr€d srlpl€s avsraosd biqhs! th.n tb. oriohal olrs.,
.ad 75t of th. tlr tbe tractur. occurr.d rury trd the rcpalr. oD tho 3rnlrl.a tb.t uer6 crack.d and gg
reoal.red ths av€rege load icors ua! lower ald 7Ot fal.led (gave y!y) .gE tha crack.

A hp-ldity teat p€rfolDd ploved thrt once a crack LB r.pal.rod paolrsnfy there le No eff€ct on th6 lltlln tl,oD.
RsPalrlng ths crack .top3 rBd prsv.Et. the ehd.hleld lro del.Dfuatlotr.!d rculd prsv.lt rpatllug. It alro
psoved that olce tbe r6tr.! wlr cur€d thsra waa IO dstsrloratlo! ol the rasl,! frotr b€at aad/or huEidtty.
Ehe clack abow€d ao elgar of det€lloratloa ln the boll t.Et aE rr€1,1.

fNgI/gAE 226.1-1990 toBt 26 ua! pelforD.d o[ tha llreclDsDe after the bo11 and huddlty t6!tr. RBauIts r.r. the
3are: Bo 3Pa111ng o! aeparation occuE€d at or D3ar the repalred crack ard tbo r6lralred crack r€r!r1!6d Lrtact
ulth no 31gua of d.terlontl.o!.

Th386 flDdlnga aro oqulvalsnt to hutrdrad8 of fleld testa that bave b€en on-golng Binca 1989. Both laboratorfr
aDd fleld teata corrobolate tbat th€ Ultra EOf,D long crack repalr procesa ls lOOt aAfE. ID frct, lt 1. th3
atroDgeat part of the wfurdshleld.

ltbe PateDt.d Ultla B-o-I-D, Inc. rtbod (15r115r{41) ugee rerlug of Eu]tlple vlacos1tl68i reaulng, prograaelvely
stroDger rsslna alo applled aa tbe edge of the crack la approached durlng r6prlr. Fleld tosta h.ve ahoru thrt
tb. t.alu !t th. edge tluit bs rt l.rat 400 cps or hlghar for tba boDd to hold alat not d.taalorat . me.dh.al,on
to th. glll.s tluat b€ .t 13rrt 2500 pst ard the tanrl,l. stroDglth sluiuDn should b. aO00 p!1. Ultra BOlfDr! nu$er
one .elILng crlck r€llD 18 1800 cp., 3200 p8l adhoalo!.Bd a200 psL t.a.11..

Fl'e1d teate also hdlcatad that Dat cracka 18 Lnches aad ulder rr€ cI€aD or clearable and uaually rhof, no llgng
of deladnatlon. iruat tho rav6ra. has bssn fouDd ulth 2{ lach crack!. Ultr! 8OI{D, Inc. r6co@6nds l8 llchcs
and und€r atrd Do crack or stone brsak ahould b€ laprlrad lf th6 lulDatl.oD l.s dlscolored or tha crack 1a dlrty,
bot! of whlch a!. Dlal.DU, vlslble to the t chalcl.n.

:Eho t ats bave tberefore concluded that clackr 18 lEches lEd urder ale lOOt aafe shen prolrorly repalred wltb
the Ultra BoND, Iac. paoce!8.

Fo! furth.s gu€8tlou! r.gardlDg the teEts or thelr ra.ultr, cotrtact Al'cb.ld A. C.Ilrflold, prs8ldeDt of U1tta
B-O-f,-D, II[C. .t (8OO-3a7-2820)



United States Testing Company, lnc. L9 3 128-lR
L2/27 /93

OBJECTIVE

The purpose of this project was to determine the physical
characteristics of the submitted repaired laminated grass by
performing impact and penetration tests in accordance with ANSI/SAE
226.1-1990 and flexural strength tests in accordance with ASTM C

1s8-84.

REFERENCES

1. Conferences and correspondence with Mr. Richard A. Campfield
Commencing November L6, 1993.

2. ANSI/SAE 2,26.1-1990, "American National Standard for Safety
Glazing Materials for Glazing Motor Vehicles and Motor Vehicle
Equipment Operating on Land Highways-Safety Code".

3. ASTM C158-84, "Standard Methods of Flexural Testing of Glass
(Determination of Modulus of Rupture) ".
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United States Testing Company, !nc. 193 128-1R
L2/27 /93

SAMPLE DESCRIPTION

The following glass was submitted and identified by the C1ient as:

A) 33 pieces of L2 inch by L2 inch by L/4 inch thick repaired
laminat,ed gIass. Each specimen consisted of two L/8 i.nch
thick pieces of g1ass, and contained a repai.red crack located
on one side of the glass. Some cracks extended from the
center to one edge, and some extended from edge to edge.

B) 40 pieces of 10 inch long by 1 2/3 inch wide by L/4 inch thick
laminated glass. Each specimen consisted of two L/8 inch
thick pieces of glass.

a) llrventy each, with a repaired crack which ran across the
width of each specimen. Ten of those were marked '6'
and ten were marked '8'.

b) Ten each, ident,if ied
contained no cracks.

"original condj.tion"

c) Ten each, identified as "cracked and unrepaS-red".

Appr'd by + Page 3 of 15



United States Testing ComPanY, lnc. r.9 3 12 8- lR
L2/27 /93

1. IMPACT, TEST 9 (DART DROP, 30 FT.)
PER ANSr/SAE 226.1-1990

Procedure:

Five, L2 inch by L2 inch specimens were placed individually in the
test frame with the repaired side face-up in the frame. The glass
was then impacted once from a height of 30 feet using a 7 ounce
steel dart. Tests were performed on December 20, 1993.

Requirements:

The dart may crack the glass and may puncture the test specimen.
However, the hoLe so produced in the specimen shall not be

sufficiently large to permit passage of the body of the dart
complet.ely through the test specimen. Small part,icles may

disengage themselves from both sides of the specimen at and
lmmediately around the point of impact, but no loose or detached
pieces shaIl leave any area of the specimen exclusive of the area
puncture by the dart. Furthermore, the glass on adjacent sides of
each crack extending from the area punctured by the dart shall be
held in place by the reinforcing of strengthening material, and no
glass shall be freed from rei.nforcing or strengthening material for
a distance greater than L-L/2-Lr (38mm) from a crack. Spalling of
the outer glass surface opposite the point of impact and adjacent
to the area of i.mpact is not to be considered a failure. No more
t,han one specimen shalI break into separate large pieces.

Appr'd by + Page 4 of 15



United States Testing Company, lnc. 193 128-lR
L2/27 /93

1. IMPACT, TEST 9 (DART DROP, 30 FT.I
PER ANSr/SAE 225.1-1990

(continued)

Resul.ts:

For each of the five specimens tested, the dart did not puncture
the glass. The glass on adjacent sides of each crack extending
from the area impacted by the dart r,ras held in place by the
reinforcing material. No specimens broke into separate large
pieces. No separatlon or spalling of glass occurred at or near the
repaired crack for each of the five specimens tested.

Conclusion:

The submitted repaired laminated glass met the requirements of
section 9 of ANSI/SAE 226.1-1990, Impact, Dart Drop, 30 feet.

Appr'd by + Page 5 of 15



United States Testing Company, lnc. 19 3 128-lR
L2/27 /93

2. IMPACT, TEST 12 (BALL DROP, 30 FT.)
PER ANSr/SAE 226.1-1990

Procedure:

Twelve, L2 inch by L2 inch specimens were placed individually in
the test frame with the repaired side face-up in the frame. The

glass was then impacted once from a height of 30 feet using a 0.5
pound steel baII. Tests were performed on December 20, 1993.

Requirements:

The impact may product a large number of cracks in the glass; not
more than two of the specimens shall break into separate }arge
pieces. Furthermore, with no more than two of the remaining
specimens shall t,he ball produce a hole or fracture at any location
in the specimen through which the ball will pass.

At the point immediately opposite the point of impact, smalI
fragments of glass may leave the specimen, but the small area thus
affected shaLl expose less than I in2 (645mm2) of reinforci-ng or
strengthening material, the surface of which shall always be well
covered wlth tiny particles of tightly adhering glass. Total
separation of glass from the reinforcing or strengthening material
shatl not exceed 3-in2 (1935mm2) on either side.

SpalJ-ing of the outer glass surface opposite the point of impact
and adjacent to the area of impact is not to be considered a
failure.

Appr'd by 
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United States Testing Company, lnc. 193 128-lR
L2/27 /93

TMPACT, TEST 12 (BALL DROP, 30 FT. )
PER ANSr/SAE z26.1-1990

(continued)

Results:

For each of the twelve specimens test,ed, none of the specimens
broke int,o s'eparate large pieces. The ball did not produce a hole
or fracture at any location in the specimen through which the ball
would pass. At the point immediately opposite the point of impact,
the glass remained adhered to the reinforcing materi.al. No

separation or spalling of glass occurred at or near the repaired
crack for each of the twelve specimens tested.

Conclusion:

The submitted repaired laminated glass met, the requirements of
Section L2 of ANSI/SAE 226.1-1990, Impact, BaII Drop, 30 feet.

2.
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United States Testing Company, lnc. 193 128-IR
L2/27 /93

3. PENETRATION RESISTANCE, TEST 25

PER ANSr/SAE 226.1-1990

Procedure:

Ten, L2 inch by L2 inch specimens were placed individually in the
test frame with the repaired side face-down in the frame. The

glass was then impacted once from a height of t2 feet using a 5

pound steel ba1l. Tests were performed on December 20, 1993.

Requirements:

The impact may product a large number of cracks in the glass and

may cause tears in relnforcing S.nterlayer material. The impact
furthermore may produce a substantial permanent deformatlon in the
shape of originally substantially flat specimen. However, with no

more than two of the specimens shall the ball pass completely
through the specimen within a S-second interval after impact,
either by what would be described as a puncture of the specimen or
by means of the specimen fracturing into relatively large pieces
that subsequently fold aside to permit passage of the baIl.

When the specimen is clamped, the specimens during the test
exhibiting more than 0.079-in (2mm) of movement at any point along
the inside periphery of the frame shall be discarded and a new

specimen substituted in its p1ace.

Appr'd by 
+
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United States Testing Company, !nc. 193128-lR
L2/27 /93

3. PENETRATTON RESISTANCE, TEST 25

PER ANSr/SAE 225.1-1990
(continued)

Results:

For each of the ten specimens test,ed, the baII did not pass through
the specimens. The specimens did not move more than 0.079 inches
at any point along the inside periphery of the frame. No

separation or spalling of glass occurred at or near the repaired
crack. The repaired crack remained intact in each of the ten
specimens tested.

Conclusion:

The submitted repaired laminated glass met the requirements of
Section 26 of ANSI/SAE 226.I--L990, Penetration Resistance.

Appr'd by V'r{f page e of ls
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United States Testing Company, lnc. 193 128-lR
L2/27 /93

4. FLEXI'RAL STRENGTH TEST PER ASTM C158-84

Procedure:

Forty, L0 inch long by 1 L/2 inch wlde by L/a inch thick specimens
were placed individually in an fnstron Universal testing machi.ne.
Five specimens each identified as rr6", "8", and "cracked and
unrepaired", were tested with the crack in tension (face-down) and
five specimens of each sample were tested with the crack in
compression ( face-up) .

The specimens were supported on two bearing edges 8 inches apart.
The load was applied through two loading points 4 inches apart and
centrally located between the two bearing edges. The load was
applied at a constant crosshead rate of compresslon of 0.50 inches
per minute.

Tests were performed on December 20, L993.

Appr'd by 
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United States Testing Company, lnc.

Results:

19 31.28-IR
L2/27 /93

4. FLEXURAL STRENGTH TEST PER ASTM C158-84
(continued)

Sample: Original condi.tion, containing no

L
2
3
4
5
6
7
I
9

10

Average:

Specimen
Number

Observations:

Failures occurred as a
fracturlng. AII failures
and ran across the width

cracks.

Modulus of
Rupture (psi)

4,200
4r700
3r900
3,200
3r900
4r900
5r000
4 r700
4, 100
4,500

Maximum
Load (lbs. )

62
59
50
47
58
73
78
7L
62
7L

T4 4 1200

result of one or both layers of glass
occurred at or between the loading points
of the specimens.
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United States Testing Gompany, lnc.

Results:

193128-lR
L2/27 /93

4. FLEXURAL STRENGTH TEST PER ASTM C158-84
(continued)

( con' t)

Repaired glass marked t'8'' 4r000 cps.Sample:

Specimen
Number

Repaired

I
2
3
4
5

Average:

Repaired crack

1
2
3
4
5

Average:

Observations:

Maximum
Load (Ibs.)

Modulus of
Rupture (psi)

crack in compressj.on (cracked side up)

70
67
64
62
72

fr

in tension (cracked side down):

67
58
72
70
52

65

4,500
4r500
4,300
4,300
4r800

a;j-6T'

4,600
3r700
4 ,400
4,600
3r400

4 1200

Failures occurred as a result of one or both layers of glass
fracturing. AII failures occurred at or between the loading
points, and ran across the width of the specimens. Any failures
which occurred at the repaired crack occurred after the maximum

load of the specimen was reached. In no case did the failure at
the repaired crack occur before the maximum load of the specimen
was reached. 80t of the failures occurred away from the repaired
crack.

Appr'd by 
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United States Testing Company, lnc.

Results:

193 128-IR
L2/27 /93

4. FLEXURAL STRENGTH TEST PER ASTM C158-84
(continued)

( con' t)

Sample: Repaired
Specimen

Number

Repaired crack ln

I
2
3
4
5

Average:

Repaired crack

1
2
3
4
5

Average:

Observations:

in tension

62
63
63
72
55

63

(cracked side down):

74
89
79
52
53

ts

glass marked 116'1 11800 cps.
Maximum Modulus of

Load (lbs.) Rupture (psi)

compression (cracked side up):

3,900
4 r300
4,300
4r800
3r9oo

m

4 r900
5r700
5,000
4r000
4, 100

m

Failures occurred as a result of one or both layers of glass
fracturing. All failures occurred at or between the loading
points, and ran across the width of the speci.mens. Any failures
which occurred at the repaired crack occurred after the maximum

load of the specimen was reached. fn no case did the failure at
the repaired crack occur before the maximum load of the specimen
was reached. 708 of failures occurred away from the repaired
crack.
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United States Testing Company, lnc.

Results:

19 3 128-lR
L2/27 /93

4. FLEXURAL STRENGTH TEST PER ASTM C].58-84
(continued)

Sample:

Specimen
Number

Crack in
1
2
3
4
5

Average:

Crack in
1
)*
3
4
5

Average:

Note: Specimen

Observations:

(con't)

Cracked and unrepaired glass

Maximum
Load (Ibs.)

compression (cracked side up):

70
47
64
56
62

6T.

tension (cracked side down):

51

Modulus of
Rupture (psi)

5,200
3,500
4,700
4 r200
4,600

m

3,800

37
46
67

m'

No. 2 was defective and the

2r800
3,400
5,000

3r800

values disregarded.

Failures occurred as a

fracturing. 70t of the
result of one or both

failures occurred at the
layers of glass
crack.

Appr'd by 
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United States Testing Company, lnc. 193 128-IR
L2/27 /93

4. FLEXURAL STRENGTH TEST PER ASTM C158-84
(continued)

Conclusion:

The results of flexural strength tests on the laminated glass
sample showed that the glass repaired using the Ultra Bond long
crack repair process performed within r 7* of the original
condition glass containj.ng no cracks or repairs.

Appr'd by 
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United States Testing Company lnc. 193 128-2R
L/5/94

OBJECTIVE

The purpose of this project was to det,ermine the physical
characteristics of the submitted repaired laminated glass by
performing humidlty and boil tests in accordance with ANSI/SAE

226.1-1990.

REFERENCES

Conferences and correspondence with Mr. Richard A. Campfield
Commencj.ng November L6 , 1993.

ANSI/SAE 226.1-1990, "Ameri.can National Standard for Safety
Glazing Materials for Glazing Motor Vehicles and Motor Vehicle
Equipment Operating on Land Highways-Safety Code".

SAMPLE DESCRIPTION

The following glass was submitted and identified by the Client as:

33 pieces of L2 lnch by L2 inch by L/4 inch thick repaired
laminated gIass. Each specimen consisted of two L/8 inch
thick pieces of glass, and contained a repaired crack located
on one side of the glass. Some cracks extended from the
center to one edge, and some extended from edge to edge.

1.

2.
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United States Testing Company, lnc. 193 128-2R
L/5/ 94
REVISED
L/ L8/94

1. HT'MIDITY TEST 3

PER ANSr/SAE z26.1-1990

Procedure:

Three, L2 inch by L2 inch specimens were placed in a covered
container over water for a period of two weeks. The air
temperature in the container was maintaj.ned between L20oF and L30oF
(49oC and 54oC)

Requirements:

No separation of materials shall develop, except for occasional
small spotsr no one of which shalI extend inward from the adjacent
edge of the specimen to a depth of more the L/4 inch (6.35mm).

Results:

No separation of materials occurred. No sma1I spots extending from
adjacent edges were observed. No separation or spalling of glass
occurred at or near the repaired crack for each of the three
specimens tested. The repaired crack remained intact and showed no
signs of deterioration.

Conclusion:

The submit,ted repaired laminated glass met the requS.rements of
Section 3 of ANSI/SAE 226.1-1990, Humidity.

Appr'd by 
+
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United States Testing Gompany, lnc.

The submitted repaired laminated
Section 4 of ANSI/SAE 7.26.1-1990,

2. BOrL, TEST 4

PER ANSr/SAE 225.1-1990

Procedure:

Three, L2 inch by L2 inch specimens were immersed vertically on
edge in 150oF water for 3 minutes and then quickly transferred into
boiling water. The specimens remained submerged in boiling for a

period of 2 hours and then removed.

Requirements:

The glass itself may crack in this test, but no bubbles or other
defects shall develop more than L/2 Lnch (L3mm) from the outer edge
of the specimen or from any cracks that may develop. Any specimen
in which the glass cracks to an extent confusing the result shall
be discarded without prejudice, and another specimen shall be
tested in its place.

Results:

No cracks occurred on any of the three specimens tested. No

bubbles or other defects were observed. No separation or spalling
of glass occurred at or near the :iepaired crack for each of the
three specimens t,ested. The repaired crack remained i.ntact and
showed no signs of deterioration.

Conclusion:

19 3 128-2R
L/s/94
REVISED
L/L8/94

glass met the requirements of
BoiI.
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