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CLIENT: INFRASTRUCTURE REPAIR SYSTEMS, INC.
P.O. Box 60457
8201 28" Street North
St. Petersburg, FL 33784

SUBJECT: Mechanical & Physical Properties Of Two Epoxy Systems

SUMMARY

A two gallon pail of Infrastructure Repair Products, Inc. S-301 Spray Epoxy Base, a one
gallon pail of Infrastructure Repair Products, Inc. S-301 Spray Epoxy Activator, a five gallon
pail of Infrastructure Repair Products, Inc. M-201 Epoxy Base, a one gallon can of
Infrastructure Repair Products, Inc. M-201 Epoxy Activator and a high strength concrete
block were received from INFRASTRUCTURE REPAIR SYSTEMS, INC. for mechanical and
physical properties analysis on epoxy castings. Mechanical testing was performed to
determine the tensile, compressive, flexural properties and tensile pull-off strength from
steel and concrete substrates. Physical property testing performed was to identify the heat
deflection temperature and surface hardness of the epoxy castings.

Putty castings for tensile, compression and flexural testing were prepared at a 3:1 volume
ratio and cast in amold. Tensile pull-off coupons were fabricated by applying each epoxy
system to steel tensile blocks and bonding a set of tensile blocks with each epoxy system
to the submitted concrete block. Tensile, compression and flexural coupons were post
cured for 8 hours at 150°F prior to testing.

Testing was guided by the American Society of Testing and Materials (ASTM) test
methods. Mechanical property tests employed were ASTM C 297 Tensile Strength of Flat
Sandwich Constructions in Flatwise Plane, ASTM D 638 Tensile Properties of Plastics,
ASTM D 695 Compressive Properties of Rigid Plastics, and ASTM D 790 Flexural
Properties of Unreinforced and Reinforced Plastics. The Physical property tests employed
were ASTM D 648 Deflection Temperature of Plastics Under Flexural Load and ASTM D
2240 Test Method For Rubber Property-Durometer Hardness. ASTM D 648 was performed
by an associate laboratory.

A brief description of the test procedures used is given in the "TEST PROCEDURE" portion
of the report, observations are reported in the "OBSERVATIONS" portion and data derived
from testing is reported in the "DATA" and "DATA SUMMARY" sections of this report.

B281 39th Street N.. Suite C, Pinellas Park, Florida 34665 Telephone [(813) 522-3320 Facsimile (813} 521-4572
A Division of
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TEST PROCEDURE
TEST METHOD: ASTM C 297 - Sandwich Panel Test
TITLE: Tension Test of Flat Sandwich Constructions in Flatwise Plane

The samples were fabricated by bonding two steel blocks together (steel/steel) and by
bonding a steel block to a concrete block (steel/concrete). After being sanded and wiped
with acetone to promote adhesion, the steel blocks were bonded with the submitted epoxy
resin samples. One steel block was also bonded to a concrete block. The concrete block
was sanded with a corse grinding wheel prior to bonding. Three assemblies of each resin/
substrate combination was prepared. The assemblies were allowed to cure a minimum
of 24 hours before testing.

The bonded assemblies were then placed in the tensile holding fixtures. The rate of
loading (crosshead speed) was 0.10 inches per minute. Samples which failed in the
adhesive were rejected; no data of this type is included in the report.

TEST METHOD: ASTM D 638
TITLE: Tensile Properties of Plastics

The coupons were machined to 9.0" long, with an "overall" width of .750", and "necked" to
approximately .50" over the gauge length. A strain gauge extensometer (1" gauge length)
was mounted flatwise on the smooth or "mold" side of the coupons for the purpose of
strain measurement during the test. The instrument was removed prior to coupon failure.
The crosshead speed (speed of testing) was 0.1 inches per minute.

TEST METHOD: ASTM D 695
TITLE: Compressive Properties of Rigid Plastics

Coupons were machined to 12" long and 0.50" by 0.50" (prism). The strain measuring
instrument (compressometer) was positioned edgewise on the test specimens. The
coupons themselves were supported in a test "jig" also described in the procedure. The
crosshead speed was 0.05 inches per minute.
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TEST PROCEDURE, continued
TESTMETHOD:  ASTM D 790
TITLE: Flexural Properties of Unreinforced and Reinforced Plastics (Method |,

Procedure A)

This property was tested using a 16:1 support span : depth ratio. A three-point bending
apparatus was used (D 790 Method |, Procedure A). Coupon deflection under load was
measured using a deflectometer positioned under the middle of the coupon. Radii of the
loading nose and end supports was &". All coupons were tested with the mold side "up".
The crosshead speed (speed of testing) was 0.05 inches per minute. As a resuilt the
pressure applied could be considered "normalized" to the loads seen in actual usage.

TEST METHOD: ASTM D 2240
TITLE: Test Method for Rubber Property - Durometer Hardness
Each epoxy casting was tested for hardness using a PTC Instruments Model 307L Type

D Durometer. Sixteen readings were taken from one surface of the casting. The highest
and the lowest readings were thrown out, and the remaining fourteen were averaged.
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OBSERVATIONS

M-201 EPOXY/CONCRETE
100% failure of concrete substrate.

S-301 EPOXY/CONCRETE
100% failure of concrete substrate.

M-201 EPOXY/STEEL

85% cohesive failure of epoxy and 15% adhesion failure at steel block
surface.

80% cohesive failure of epoxy and 20% adhesion failure at steel block
surface.

S-301 EPOXY/STEEL

40% cohesive failure of epoxy and 60% adhesion failure at steel block
surface.

60% cohesive failure of epoxy and 40% adhesion failure at steel block
surface.

M-201 EPOXY

Plastic deformation followed by brittle tensile failure at bottom of gage
section.

Plastic deformation followed by brittle tensile failure at middle of gage
section.

S-301 EPOXY

Plastic deformation followed by brittle tensile failure at middie of gage
section.

Plastic deformation followed by brittle tensile failure at bottom of gage
section.




ASTM D 695
COUPON 1-5

COUPON 1-5

ASTM D 790
COUPON 1-3,5,6

COUPON 2-4,6,7

OBSERVATIONS

M-201 EPOXY

Compressive shear deformation.

S-301 EPOXY

Compressive shear deformation.

M-201 EPOXY
Lateral brittle failure at midspan.

S-301 EPOXY
Lateral brittle failure at midspan.
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INFRASTRUCTURE REPAIR SYSTEMS, INC.
M-201 & S-301 EPOXY SYSTEMS

DATA SUMMARY
TENSILE TENSILE
TEST METHOD STRENGTH MODULUS ELONG.
ASTM D 638 EPOXY (psi) (psi) %
M-201 7,491 498,656 1.946
S-301 8,228 463,516 1.886

COMPRESSIVE COMPRESSIVE

TEST METHOD STRENGTH MODULUS
ASTM D 695 EPOXY (psi) (psi)
M-201 13,095 582,629
S-301 13,627 542,290
FLEXURAL FLEXURAL
TEST METHOD STRENGTH MODULUS
ASTM D 790 EPOXY (psi) (psi)
M-201 13,875 547,776
S-301 16,917 465,306

6281 38th Street N., Suite C, Pinellas Park, Florida 34665 Telephone (813) 522-3320 Facsimile {813) 521-4572
A Division of
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INFRASTRUCTURE REPAIR SYSTEMS, INC.
M-201 & S-301 EPOXY SYSTEMS

DATA SUMMARY
TEST METHOD HARDNESS
ASTM D 2240 EPOXY MOLD SIDE
M-201 86.6*
S-301 84.7*

* Figures represent the average of remaining readings after high/low readings have been discarded.

TENSILE PULL-OFF
TEST METHOD STRENGTH
ASTM C 297 EPOXY SUBSTRATE COUPON (psi)
M-201 STEEL 1 2,608
2 2,487
CONCRETE 1 >414*
2 >430*
3 >405*
S-301 STEEL 1 845
2 1,357
CONCRETE 1 >453*
2 > 466*
3 >472%

* Figures represent Substrate failure, refer to ASTM C 297 Observations.

6281 39th Strest N.. Suite C, Pinellas Park, Florida 34665 Telephone (813) 522-3320 Facsimile (813) 521-4572
A Division of

D. E. JONES & ASSOCIATES, INC.






Generic Test, Group Summary
Tues., May 27, 1997

Group Population Count = 2
Sample type identification: C 297, M-201 EPOXY/STEEL
English Units
File Set Names: P7058001 P7059002
Avg. Std. Dev. Coef. of Var. (%)
LOAD (Lbs) 12212.550 502.12 411
STRESS (PSI) 2547.35 85.77 3.37
STRAIN (%) 0.000 ‘ 0.000 0.00

Sigma Labs
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Generic¢ Test Results
Specimen Number => 1 Tue., May. 27, 1597 STEEZ L
Sample type identification: C 257, . M201
File Set Names: F70535001 P7955001
Diameter = 2.48 In AREA = 4.819% In"2
Values at Peak Load: 12567.6 Lbs, 2698.9¢ PF3I, @.727 In, ©.000 3
Values at Break Load: $27.8 Lbs, 152.5 P3SI, ©.5%8 In, ©.900 3%
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Generic¢ Test Results
Specimen Number => 2 Tue., May. 27, 18587
Sample type identification: C 257, M201
File Set Names: P73855001 P7@550@1
Diameter = 2.46 In AREA = 4.768 In"2
Values at Peak Load: 11857.5 Lbs, 2486.7 P3I, @©.©77 In, ©.000
Values at Break Load: 677.3 Lbs, 142.9% PSI, @.346 In, ©.000

o oN?



Generic Test, Group Summary
Wed., May. 28, 1997
Group Population Count = 3
Sample type identification: c297,
ENGLISH Units

1201 EPOXY/CONCRET:
File Set Names:

Y705%001 Y7053002

Avg. Std. Dev, Coef. of Var. (%)
LOAD (Lbs) 2000.2079 62.2044 3.11
STRESS (PSI) 416.11 12.83 3.09
STRAIN ( % ) 9.00000 ?.00000 @.00
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Generic Test Results
Specimen Number => 1 Wed., May. 28, 1997
Samplie type identification: c297, , 201 EPOXY/CONCRET
File Set Names: Y705%5201 Y7059001
Diameter = 2.47 In AREA = 4.7%9 In"2
Values at Peak Load: 1985.9 Lbs, 413,83 PSI, ©.1%93 In, ©0.009 %
Values at Break Load: 488.8 Lbs, 121.9 PSI, ©.281 In, 0.000 %
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Generic Test Results
Specimen Number => 2 Wed., Hay. 28, 1997
Sample type identification: c297, «M201 EPCXY/CONCRET
File Set Names: Y7259021 Y7259001
Diametsr = 2.47 In AREA = 4.311 In"2
Values at Peak Load: 2068.4 Lbs, 42%.9 P3I, ©.979%9 In, D.000 %
Values at Break Load: 419.2 Lbs, 27.1 P3SI, ©.131 In, 0.000 %
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Generic Test Results
Specimen Number => 3 Wed., May. 28, 199397
Sample type identification: cz297, yH201 EPCXY/CONCRET
File Set Names: Y7053%291 77959002
Diameter = 2.47 In AREA = 4.811 In"2
Values at Peak Load: 1246.6 Lbs, 404.5 PSI, ©@.087 In, ©9.900 %
Values at Break Load: 437.1 Lbs, %9.8 PSI, ©.174 In, 9.000 %



Generic Test, Group Summary
Tues., May 27, 1997

Group Population Count = 2
Sample type identification: C 297, . S-301 EPOXY/STEEL
English Units
File Set Names: Q7059001 Q7058002
Avg. Std. Dev. Coef. of Var. (%)
LOAD (Lbs) 5293.800 1729.02 32.66
STRESS (PSI) 1100.80 361.80 32.88
STRAIN (%) 0.000 0.000 0.00

Sigma Labs
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Specimen Number => 1 Tue., May.
Sample type identification: cz97,

File Set Names: Q70535601
ameter = 2.48 In AREA = 4.81% In"2

lues at Peak Load: 4071.3 Lbs, 844
lues at Break Load: 628.7 Lbs, 130
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Q7055002

Max Load= 6506.15 Lbs Max Stress = 1354.5 PSI
Max Disp= ©.207 inches Max Strain = 0.96 %
¢ 257, S-301/STEEL
Post Processing Group Summary
Group Population Count = 1
Avg. Std. Dev. Coef. of Var. (%)
LOAD {Lbs) 6506.15 @.00 .00
STRESS (PSI) 1354.52 @.00 0.00
YIELD {(PSI) ©.00 ©.00 0.00
MODULUS (PSI) 0.00 0.00 9.00
STRAIN ( % ) 2.00000 9.00000 9.00
POISSONS RATIO ©.000 0.000 0.00
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Generic Test, Group Summary
Wed., May. 28, 1997
Group Population Count = 3

Sample type identification:
ENGLISH Units
File Set Names:

Avg.
LOAD (Lbs) 2236.2501
STRESS (PST) 463.44
STRAIN { % ) 2.00000

€297,
X7055901

Std. Dev.
47.7793
3.57

@.00000

X705959002

Coef.

S301 EPOXY/CONCRE'

O

f Var. {
.14
.07
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Generic Test Results
Specimen Number => 1 Wed., May. 28, 1997
Sample tvpe identification: c297, S301 EPQOXY/CONCRET
File Set Names: X705%001 X7059001
Diameter = 2.48 In AREA = 4.823 In"2
YValues at Peak Load: 2184.5 Lbs, 452.9 PSI, 2.999 In, 0©.000 %
Values at Break Load: 421.6 Lbs, 27.41 PSI, 2.202 In,  92.200 %
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Generic Test Results
Specimen Number => 3 Wed., UHay. 28, 1997
Sample type identification: c237, . 5301 EFOXY/CONCRZ
File Set Names: X7952201 79599002
ameter = 2.48 In AREA = 4,831 In"2
lues az Peak Load: 2278.8 Lbs, 471.7 PSI, ©.675 In, ©0.000 3%
lues at Break Load: 425.4 Lbs, 83.1 P3TI, ©.133 In, 0.000 3



Tensile Test, Group Summary
Wed., May 28, 1997
* Group Population Count =

Sample type identification:
Gage Length:
Extensometer type:
ENGLISH Units

File Set Names:

, Avg.
MODULUS (PSl) 498656.00
LOAD (LBS) 462.0400
STRESS (PSi) 7490.82
- STRAIN (%) 1.94600

D-638, M-201 EPOXY CASTING
1ln

Other Type Extensometer

T7050001 T7059005

Std. Dev, Coef. of Var. (%)
33437.85 6.71
49.7101 10.76
880.85 11.76

0.06730 3.46
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Tensile Test Results
Specimen Number => 1 W 28, 1557
Sample type identification: D +M-201 EPOXY CASTING
Gage Length 1
Extensometer type: 0 ExXtensometer
File Set Names: T T7¢5%5001
Width = ©.4352 In Thickness= 28 A = 0.063 In"2
Youngs Modulus = 462685 PSI
Tield Stress = 140@ PSI
Yield Strain = ©.436 %
Values at Peak Load: 376. S, 6904.2 PSI, ©.348 In, 1.473 %
Values at Break Load 68. s, 19%4.1 PSI, ©.34% In, ©0.317 %
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Tensile Test Results
Specimen Number => 2 Wed., May. 28, 1557
Sample type identification: D638, .M-201 EPOXY
Gage Length 1.9 In
“Extensometer type: Other Type Extensometer
File Set Names: " T7853%001 T7655001
idth = ©.4895 In Thickness= ©.129 In AREA = ©0.963 In"2
ungs Modulus 474683 PSI
ield Stress = 6666 PSI
ield Strain = 1.605 %
lues at Peak Load: 484.8 Lbs, 7659.3 PSI, @©.134 In, 2.001 %
lues at Break Load: 31i2.2 Lbs, 4552.6 PSI, ©.145 In, 1.9%4 %
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Tensile Test Results
Specimen Number => 3 Wed., May. 28, 13867
Sample type identification: D638, M-2¢1 EPOXY
Gage Length 1.2 In
Extensometer type: Other Type Extensometer
File Set Names: 77055001 T7059002
Width = ©.478 In Thickness= ©.127 In AREA = ©.061 In"2
Youngs Modulus = 527253 PSI
Yield Stress = 6513 FSI
Yield Strain = 1.417 %
Values at Peak Load: 481.8 Lbs, 7%49.7 PSI, ©.179 In, 1.823 %
Values at Break Load: 339.7 Lbs, 5557.7 PSI, @.178 In, 1.155 %



=
-

4
+

o)
.

-
-

o g C

<.

TENEILE TEST

I I 1

}

-
/f
S
l/
~ ”r
-y ¥
& /
w A
el .-'E
i ;
= /
=L ¢
%) N
If
/
.l';
F
p— ,’f.‘
fi‘-
0“
- ;}r
¥
lil
! i i
Tensile Test Results
Specimen Number => 4
Sample type identification:
Gage Length
Extensometer type:
File Set Names:
dth = ©.475 In Thic¢Kknesss=
ungs Modulus 5
ield Stress = 6
ield Strain = 1,366
lues at Peak Load: 502.
lues at Break Load: 308.
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Tensile Test, Group Summary
Wed., May 28, 1997
Group Population Count =

Sample type identification:
© Gage Length:

Extensometer type:

ENGLISH Units

File Set Names:

Avg.
MODULUS (PS1) 463516.40
LOAD (LBS) 483.6600
STRESS (PS)) 8228.08
~ STRAIN (%) 1.88588

D-638, S-301 EPOXY CASTING
1In
Other Type Extensometer

U7059001 U7059005

Std. Dev. Coef. of Var. (%)
19511.73 4.21
36.8630 7.62
648.08 7.88
0.17513 9.29

Sigma Labs
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Tensile Test Results
Specimen Number => i Wed., May. 28, 19597
Sample type identification: pDe 38, S5-3@1 EPOXY
Gage Length 1.9 In
ExXtensometer type: Other Type Extensometer
FTile Set Names 07855001 7955001
Width = .478 In Thickness= @.122 In AREA = ©.958 In"2
Youngs Modulu = 486096 PSI
Yield Stress 2729 PSIT
Yield Strain = .441 3%
Values at Peak Load: 514.1 Lbs, 8818.3 PSI, ©.549 In, ©.441 %
Values at Break Load: 119.4 Lbs, 1852.% PSI, @.%941 In, ©.440 %

CASTING
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Tensile Test Results
Specimen Number => 3 Wed., May. 28, 1557
Sample type identification: De38, S-391 EPOZXY
Gage Length 1.9 In
BExtensometer Lype: Other Type ExXtensometer
File Set Names: U7055001 U7055002
Width = ©.486 In Thickness= ¢.121 In AREA = ©.055 In"2
Youngs Modulus = 451536 PSI
Yield Stress 5431 PSI
Yield Strain = 9.9%966 %
Values at Peak Load: 478.1 Lbs, 8134.8 P3I, ©.174 In, ©0.966 %
Values at Break Load: 348.4 Lbs, 5528.1 FSI, ©.178 In, ©.S66 %

CASTING
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Tensile Test Results
Specimen Number => 4 Wed., May. 28, 1357
Sample type identification: D638, .8-3@1 EPOXY CASTING
Gage Length 1.9 In
ExXxtensometer type: Other Type Extensometer
File Set Names: U7053%001 U7@659903
Width = ©.48% In Thickness= ©.120 In AREA = ©0.05% In"2
Youngs Modulus 472634 PSI
Yield Stress = 6627 FSI
Yield Strain = 1.573 %
Values at Peak Load: 478.2 Lbs, 8158.9 PSI, ©.142 In, 2.143 %
Values at Break Load: 264.6 Lbs, 4514.5 P3I, ©.156 In, ©.579% %
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Tensile Test Results
Spec¢imen Number => 5
Sample type identification:
Gage Length
Extensometer type:
File Set NHames:
idth = ©.481 In Thickness=
oungs Modulus = 4
Yield Stress = 6
Yield Strain = 1.688
alues at Peak Load: 520.
alues at Break Load: 257.
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Wed., May. 28

D638,
1.9 In

Other Type EX
7

U7055001 U
23 In AREA
P3I
I
ama~ o
. 85/37.9
Ao a
» 430G. 1

U
n 0
H M
OO
s
[N
<~
-
.."3:-‘
SIS

0 .0800

[SE s ]
o W

o\ o\

O &



10000, 0000

TENSILFE TEST
-
.
-~ b
- " ’;
g /
¢ .
tal” /
7 I
U I3
&€ i
- § .
- ; .
£
:’il
- '."‘;'
;
F
b 1|(
f
-
' I J ] | | ] | | | |
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Tensile Test Results
Spec¢imen Number => 6 Wed., May. 28, 15357
Sample type identification: D638, ,5-301 EPOXY
Gage Length 1.9 In
Extensometer type: Other Type Extensometer
File Set Names: U7055001 U7055001
Width = ©.483% In Thickness= 1 In AREA = ©.85% In"2
Youngs Modulus = 479862 PSI
Yield Stress = 6615 PST
Yield Strain = 1.547
Values at Peak Load: 427.8 Lbs, 7231.4 PSI, ©.208 In, 1.752 %
Values at Break Load: 318.5 L , 5245.5% PSI, ©.213 In, 1.146 %



Compression Test, Group Summary
Wed., May. 28, 1997

Group Population Count = 5

Sample type identification: D695, » M201 EPOXY

Gage Length .5 In

Extensometer type: Other Type Extensometar

ENGLISH Units

File Set Names: V72539001 V7059204

Avg. std. Dev. Coef. of Var. (%)

MODULUS ({(PSI) 582628.68 37969.30 6.52

LOAD (Lbs) 3356.2051 50.8034 2
STRESS (PSI) 13095.45 347.78 2.66
STRAIN ( % ) 1.37938 ©.47424 24



20000 . Qoo

STRESS ((PS11)

COMPRESSION TEST

Compression Test Results

SITARAIN (Insings g.40100

Specimen Number => 1 Wed., May. 28, 1997
Sample type identification: D695, 201 EPOXY
Gage Length .5 In
Extensometer type: Other Type Extensometer
File Set Names: V7959001 V705950901
Width = 2.488 In Thickness= ©@.5256 In AREA = 0.257 In"2
Youngs Modulus = 559223 PSI
Yield Stress = © PSI
Yield Strain = 0.000 %
Values at Peak Load: 3225.4 Lbs, 12565.5 PSI, ©.877 In, ©.879 %
Values at Break Load: 3147.5 Lbs, 12262.1 PSI, ©.285 In, ©2.8790 3
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Compression Test Results

STRALM {insini

Specimen Number => 2 Wed., Hay. 28, 1997
Sample type identification: D635,
Gage Length .5 In
Extensometer type: Other Type Extensometer
File Set Names: V79259001 V7059001
Width = ©.485 In Thickness= ©.525 In AREA = 0.255 In"2
Youngs Modulus = 576440 PSI
Yield Stress = © PSI
Yield Strain = 0.000Q0 %
Values at Peak Load: 3364.3 Lbs, 13212.7 PSI, ©@.119 In,
Values at Break Load: 3241.9 Lbs, 12722.9 PSI, 9.111 In,

U.0uz200

M2@1 EPOXY
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20000 . 0000 COMPRESSTIOMN TEST
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Compression Test Results
Specimen Number => 3 Wed., May. 28, 1997
Sample type identification: D695, M201 EPOXY
Gage Length .5 In
Extensometer type: Other Type Extensometer
File St Names: V7953001 V70595002
Width = 2.489 In Thickness= ©.526 In AREA = 0.257 In"™2
Youngs HModulus = 629888 PSI
Yield Stress = 9506 PSI
Yield S<train = 1.625 %
Values at Peak Load: 3459.3 Lbs, 1344%.2 PSI, ©.977 In, @.920 %
Values at Break Load: 2454.3 Lbs, 95421.9 PSI, ©.98: In, 1.434 %
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STRAIN Cinsind G .0200
Compression Test Results
Specimen Number => 4 Wed., HMay. 28, 1597
Sample type identification: D695, M2@1 EPOXY
Gage Length .5 In
Extensometer type: Other Type Extensometsr
File Set Names: V7959001 V7059004
Width = 2.492 In Thickness= ©.522 In AREA = ©.257 In"2
Youngs Mcdulus = 611154 PSI
Yield Stress 7399 PSI
Yield Strain = 1.381 % .
Values at Peak Load: 3416.1 Lbs, 13391.4 PSI, ©9.113 In, 1.864 %
Values at Break Load: 3385.5 Lbs, 13182.3 PSI, ©.113 In, 1.865 %



20000 . 0000 COMPRESSION TEST

STREES (PST)
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Compression Test Results

Specimen Number => 5 Wed., May. 28, 1997
Sample type identification: D635, M201 EPOXY
Gage Length .5 In
Extenscmeter type: ther Type Extensometer
File Set Names: V7259091 V7255004
Width = 2.486 In Thickness= ©.527 In AREA = ©.256 In"2

Youngs HModulus

1]

536435 PcsSI

Yield Stress = 8373 P:&I

Yield Strain = 1.747 %
Values at Peak Load: 3316.4 Lbs, 12945.4 PSTI, ©.943 In, 1.789 %
Valuesz at Break Load: 3252.4 Lbs, 12638.6 P3I, @.949% In, 1.738 3%



Compression Test, Group Summary
Wed., May. 28, 1997

Group Population Count = 5

Sample type identification: D695, 5301 EPOXY

Gage Length .5 In

Extensometer type: Other Type Extensometer

ENGLISH Units

File Set Names: W7055001 W705%004

Avy. Std. Dev. Coef. of Var. (%)

MODULUS (PSI) 542289%.81 65158.09 ‘ 12.02
LOAD (Lbs) 3351.3981 78.1023 2.33
STRESS (PSI) 13626.55 166.32 1.22
STRAIN {( % ) 1.75795 @.03566 2.03
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Compression Test Results
Specimen Number => 1 Wed., May. 28, 1997
Sample type identification: De9%, 5301 EPOXY
Gage Length .5 In
Extensometer type: Other Type Extensometar
File Set Names: W79259001 W70595001
Width = 2.512 In Thickness= ©.430 In AREA = 9,246 In"2
Youngs odulus = 489231 2SI
Yield Stress = @ PSI
7ield Strain = 0.000
Values at Peak Load: 3301.3 Lbs, 132432.% PSI, ©.157 In 1.747 %
Values at Break Load: 3253.1 Lbs, 13236.7 P3I, ©.153 In 1.747 %
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Compression Test Results
Specimen Number => 2 Wed., HMay. 28, 1997
Sample type identification: D695, 5301 EPOXY
Gage Length " .5 In
.Extensometer type: : Other Tyge Extensometer
File Set Names: W79530061 W7059001
Width = ©.509 In Thickness= ©.475 In AREA = 0.242 In"2
Youngs Modulus = 468976 PSI
Yield Stress = 9 PsSI
Yield Strain = 0.900 3%
Values at Peak Load: 3333.8 Lbs, 12782.% PSI, ©0.951 In, 1.711 %
Values at Break Load: 3253.7 Lbs, 12422.2 PSI, 0.952 In, 1.711 *
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Compression Test Results

Specimen Number => 3 Wed., May. 28, 1997
Sample type identification: D655,
Gage Length .5 In
Extensometer type: Other Type Extensometer
File Set Nanmes: W7253001 W7059002
Width = 2.5029 In Thickness= 92.476 In RREA = ©.242 In"2
Youngs HModulus = 593718 PSI
Yield Stress = Q@ P3I
Yield Strain = 0.000 %
VYalues at Peak Load: 3333.6 Lbs, 1275%.1 PSI, @.044 In,
Values at Break Load: 3257.6 Lbs, 1344z.3 PSI, @.045 In,

STHRAIN Anrsing

S301 EPOXY

1.747 %
1.748 %
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Compression Test Results
Specimen Number => 4 Wed., Hay. 28, 1997
Samplas type identification: D695, s301
Gage Length .5 In
Extenscometer type: Other Type ExXxtensometar
File Z2t Names: W725%001 W7059003
Width = 2.512 In Thickness= @.471 In ARZA = @.241 In"2
Youngs Modulus = 612623 PSI
Yield Stress = @ PSI
Yield Strain = 0.000 %
Values at Peak Load: 3309.3 Lbs, 12685.6 PSI, ©.023 In, 1.
Yalues 2% Break Load: 3256.7 Lbs, 125¢4.% PSI, 0.834 In, 1
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Compression Test Results
Specimen Numbher => 5 Wed., May. 28, 1997
Sample type identification: D695, : 5301 EPOXY
Gage Length .5 In ' .
Extenscmeter type: Other Type Dxtensometer
File Set Names: W7052091 W7055004
Width = ©2.517 In Thickness= 0.501 In AREA = ©.259 In"2
Youngs Mcdulus = 555999 P3SI
Yield Stress = © PSI
Yield Strain = Q.000 %
Values at Peak Load: 3488.9 Lbhs, 12465.2 PSI, ©.94% In, 1.807 %
YValues at Break Load: 3426.8 Lbs, 122¢5.,7 PSI, 9.941 In, 1.808 3%



-3-Point Flexure Test, Group Summary
Vion., May 27, 1997

. oup Population Count = 5
Sample type identification: D-790, ~M-201 EPOXY SYSTEM
pan Length: 2
«lexure Test is 3 Point
File Set Names: 87059001 S7058006
, Avg. Std. Dev. Coef. of Var. (%)
\ JDULUS (PSI) 547776.00 23069.65 4.21
.JAD (Lbs) 74.1400 4.7511 6.41
STRESS (PS)) 13874.96 888.52 6.40
: 'RAIN (%) 2.85460 - 0.28078 9.84

Sigma Labs



100G .0000 3-POINT FLEXURE TEST

LOGD (Lbhs)

| H { i i H | i I J

DISPLACEMENT (inJ §.2500
3-Point Flexure Test
Specimen Number => 1
Tue., May. 27, 1997
Width = 1.911 In Thickness= 90.126 In AREA = @.127 In"2
Youngs Modulus = 582506 PSI
Values at Peak Load: 79.9 Lbs, 13252.8 PSI, @.14% In, 2.82

@ o

1
Values at Peak Disp.: 39.5 Lbs, 7381.3 PSI, ©.153 In, 2.886



100 . 0000 3-POINT FLEXURE TEST

LOAD (Libs)¥

* # ‘ '
e | | | | i | | | | |
DISPLACEMENT <In) 0.23500
3-Point Flexure Test
Specimen Number => 2
Tue., May. 27, 1997
Width = 1.012 In Thickness= ©.126 In AREA = @.128 In"2

Youngs Modulus 549608 PcI
Values at Peak Load: 81.8 Lbs, 15274.1 PSI, ©.176 In, 3.324
Values at Peak Disp.: 81.5 Lbs, 15206.6 PSI, ©.175 In, 3.301

o0 oW



100 .0000C 3-POINT FLEXURE TEST

LOAD (Lbs)

o | ; ! | | | : ; I |

DISPLACEMENT {in: 0.2500
3-Point Flexure Test
Specimen Number => 3
Tue., May. 27, 1997 7
Width = 1.013 In Thickness= 9@.126 In AREA = 0.128 In"2
Youngs Modulus = 519791 PSI
Values at Peak Load: 74.7 Lbs, 13832.8 PSI, ©.148 In, 2.7%0 %
Values at Peak Disp.: 74.4 Lbs, 13866.4 PSI, ©.147 In, 2.781 %



1o .o00n0 3-POINT FLEMURE TEST

LOAD (Lhs?

.~'+.‘ ’
: i ! n u n | ; i J
OISPLACEMENT <(in’ 0.2500
3-Point Flexure Test
Specimen Number => 5
Tue., May. 27, 1997
Width = 1.013 In Thickness= 90.126 In AREA = ©.128 In"2
Youngs Hodulus = 550536 PSI
Values at Peak Load: 69.6 Lbs, 12972.85 P3SI, ©.136 In, 2.567 %
Values at Peak Disp.: 69.9 Lbs, 122875.6 PSI, ©@.134 In, 2.532 %



100.0000 3-POINT FLEXURE TEST

LOAD (Lbs3

i i ] i L i i i | J
DISPLACEMENT <(in2 0. 2500

3-Point Flexure Test

Specimen Number => 6

Tue., May. 27, 1997

Width = 1.015 In Thickness= @.125 In AREA = 90.127 In"2

Youngs Modulus = 536439 PSI

Values at Peak Load: 73.7 Lbs, 13935.1 PSI, 9.148 In, 2.771 %
Values at Peak Disp.: 73.5 Lbs, 1350©.9 PSI, ©.148 In, 2.768 %



3-Point Flexure Test, Group Summary
Mon., May 27,1997

. oup Population Count = 5
Sample type identification: D-790, S$-301 EPOXY SYSTEM
'pan Length: 2
lexure Test is 3 Point
File Set Names: R7059001 R7059006
5 Avg. Std. Dev. Coef. of Var. (%)
't DDULUS (PSI) 465306.20 8747.35 1.88
~JAD (Lbs) 84.4800 11.4253 13.52
STRESS (PSI) 16917.38 2222.13 13.14
: 'RAIN (%) 4.80480 0.82603 17.19

Sigma Labs
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DISPLACEMENT <(Ind 0.5000
3-Point Flexure Test
Specimen Number => 2
Tue., May. 27, 1997
Width = 1.©@68 In Thickness= @.121 In AREA = 0.122 In"2
Youngs Modulus = 467746 PSI
Values at Peak Load: 89.4 Lbs, 18167.3 PSI, ©.285 In, 5.16

o0 oW

5
Values at Peak Disp.: 89.0 Lbs, 130%3.9 PSI, @©.283 In, 5.133



100.0000 3I-POIMT FLEXURE TEST

LOAD (Lbs)

| i i i H ] { i 1 J

DISPLAGCEMENT (In2 0.5000
3-Point Flexure Test
Specimen Number => 3
Tue., May. 27, 1997
Width = 1.011 In Thickness= ©.123 In AREA = 0.124 In"2
Youngs HModulus = 471201 PSI
Values at Peak Load: 92.0 Lbs, 180325.3 PSI, ©.2890 In, 5.162 3%
Values at Peak Disp.: 91.6 Lbs, 17973.3 PSI, ©.278 In, 5.125 %



100. 0000 3-POTHNT FLEXURE TEST

vt

LOAD (Lhs)

L j 1 L i i I ] I J

DISPLACEMENT (in) 0.5000
3-Pcint Flexure Test
Specimen Number => 4
Tue., May. 27, 1997
Width = 1.918 In Thickness= ©.121 In AREA = 0.123 In"2
Youngs Hodulus = 461905 PSI
Values at Peak Load: 86.9 Lbs, 17432.3 PSI, ©.282 In, 5.126 %
Values at Peak Disp.: 86.8 Lbs, 17465.9 PSI, ©.283 In, 5.139 %



100.0000 3I-POINT FLEMURE TEST

L3NG (Lbsl

N3
«

i | | i

DISPLACEMENT <(Ini

3-Point Flexure Test
Specimen Number => 6
Tue., May. 27, 1997
Width = 1.016 In Thickness= 0.121 In AREA = 9.123 In"2

Youngs Modulus 451848 PSI
Values at Peak Load: 64.3 Lbs, 12968.2 P
Values at Peak Disp.: 64.0 Lbs, 129@8.56 P

85I, ©.183 In,
3I, ©.163 In,

3.32
3.94

NERRYe
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100 . 0000 3-POINT FLEXURE TEST

LD (Lbs)

I | ] i j I I i 1 j

DISPLACEMENT Cinml 0.3000
3-Point Flexure Test

Specimen Number => 7

Tue., HMay. 27, 1997

Width = 1.010 In Thickness= ©.122 In AREA = ©0.123 In"2

Youngs Modulus = 473831 PSI

Values at Peak Load: 89.8 Lbs, 17923.8 PSI, ©.286 In, §5.240 %

Values at Peak Disp.: 89.8 Lbs, 17923.8 P3SI, ©.283 In, ©5.271 %



ASTM D 2240 TEST METHOD OF RUBBER PROPERTY
BY MEANS OF ATYPE D DUROMETER

Client:
Report Number: 975L059
Description: M-201 EPOXY CASTING
READING # OUTSIDE
(MOLD SIDE)

1 85 L

2 86

3 85

4 88

5 87

8 85

7 87

8 87

9 86

10 86

11 89 H

12 88

13 86

14 86

15 88

18 88
Average: 86.64

NOTES: 1) "Average’ represents the average of the remaining
readings after the high and low readings have been
thrown out. -

2) H= high reading
3) L= low reading

Sigma Labs



ASTM D 2240 TEST METHOD OF RUBBER PROPERTY
BY MEANS OF A TYPE D DUROMETER

Client:
Report Number: 97SL059
Description: S-301 EPOXY CASTING
READING # QUTSIDE
(MOLD SIDE)

1 86 L

2 85

3 83

4 83

5 84

6 83

7 86

8 85

9 87 H

10 87

11 86

12 86

13 82 L

14 83

15 84

16 85
Average: 84.71

NOTES: 1) "Average" represents the average of the remaining
readings after the high and low readings have been
thrown out.

2) H= high reading
3) L= low reading

Sigma Labs






SPECTRALAB, INC.
Laboratory and Consulting Services
6345 82nd Avenue North

Pinellas Park, FL 33781
813-545-2297

SPL.1898
6/2/97

SPECTRALAB TEST REPORT FOR SIGMA LABS
REQUESTED BY: Rocco Ferri (97SL089)
SUBJECT: Heat Deflection Temperature of Epoxy Samples

SUBMITTED SAMPLE: Two cured epoxy formulations ~1/8” thick—designated S301
and M201

SUMMARY OF RESULTS:

Heat deflection temperature @ 264 PSI:
S301- 87+1°C.

M201-80+1 °C.

PROCEDURES/RESULTS:

Heat deflection temperature (ASTM D 648) using thermomechanical analysis
(TMA):

The heat deflection temperature test described in ASTM D648 consists of loading a %~
thick test bar in 3 point flexure at a span of 4” to obtain a maximum outer fiber stress of
264 PSL. The loaded test bar is slowly heated in a circulating oil bath while monitoring
flexural deflection of the test bar on a dial micrometer. As the material approaches it’s
glass transition temperature, the resulting reduction in modulus of elasticity causes the bar
to deflect. When this deflection is sufficient to produce exactly 0.2% flexural strain, the
temperature is recorded and the test is discontinued.

Thermomechanical analysis (TMA) provides a means of obtaining data equivalent to that
of the ASTM D648 method. The TMA method for heat deflection temperature utilizes a
linear variable differential transformer (LVDT) to continuously monitor the micro-
deflection (micro-inch sensitivity) of a miniature test sample (~.3” x ~.08” x ~.02”) in
flexure. The TMA furnace is continuously purged with helium to insure good thermal
conduction between the test sample and an adjacent thermocouple. The sample is loaded
to produce 264 PSI at room temperature. Temperature and deflection are continuously
monitored during heating @ 5°C/minute, producing the TMA curve itself, a plot of
temperature vs. deflection. Heat deflection temperature is taken at 0.2% strain. The
deflection temperature just precedes the knee of the TMA curve where dramatic deflection
of the sample takes place. The extrapolated onset temperature defines the temperature of
the thermal knee and is approximately equal to the glass transition temperature in non-
reinforced materials.



Method Parameters:

Two 25 mil samples were cut parallel to the wide, flat side of each specimen. The samples
were tested in duplicate using a thermomechanical analyzer (TMA) under the following
conditions:

Scan Rate: 5°C/minute

Load: 264 PSI

Deflection Temperature (Td): Taken at 0.2% strain per ASTM D648
Distortion Temperature (To): Extrapolated onset (comparable to Tg).

TMA curves for each sample run are presented in Figures #1 and #2. Results are
presented in the table below. All temperatures were corrected to compensate for program
temperature error.

S301A 86 |90
S301B 88 03
M201A 81 38
M201B 79 86
(/a/ 91
Jack Brand

Lab Director
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