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resin thicknesses were chosen/targeted: 0.10”, 0.15” and 0.20”. More than three iterations showed 
thinner resin application than 0.10” is not feasible since the resin is not spreading homogeneously 
between the carbon steel tabs and thicker resin application than 0.20” requires further tooling/molding 
method development to prevent overflow/pooling since the viscosity of the resin does not allow to build 
up thickness in a small volume of 1” by 1”.  

After more than four iterations, the group have been able to create molds to achieve the targeted 
thickness specimen preparations. Specifically, some aluminum foil was wrapped within blue painters’ 
tape (for sturdiness) which was then used to create 1” by 1” mold with varying depths on the carbon 
steel tabs. Then, these molds were filled with resin, the other carbon steel tab was placed on top and 
the resin was cured  For each thickness, five specimens were prepared. The 
measurements were performed the following day after removing the mold; that is, the aluminum 
wrapped blue painters’ tape was trimmed.    
 

  

 
Figure 2. The prepared resin molds on carbon-steel tabs (top). A total of five specimens were prepared 
for three different thickness (bottom).  
 
 

ASTM D5868 testing.  
The test was performed at RapiCure Solutions laboratory via UTM instrument MTI 2K model. 

The test specimen was placed in the grips of the UTM so that the distance from the overlap to the grip 
jaw is 2.5 inches per ASTM. The load was applied until the failure. The software calculates and reports 
the raw data. A total of five specimens were tested for each thickness as given above and the results are 
analyzed in the following section. 
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Figure 3. The prepared specimen is mounted to the jaws of the UTM instrument. 
 

ASTM D5868 test result analyses.  
The lap shear strength is measured with varying thicknesses showing lap shear strengths ranging 

from 1.12 MPa to 0.345 MPa (162-50 psi). The lap shear strength correlates with the thickness such 
that increased thickness yields lower lap shear. Nevertheless, this trend may not necessarily be true 
since the alternative hypothesis is that the high surface tension of the resin with strong cohesive 
intermolecular forces minimize the surface area especially with larger volumes (that is thicker resin 
trials) preventing effective spreading and inadequate bonding/adhering to the carbon steel tab put atop. 
This alternative hypothesis can also be supported with a large error bar/standard deviation with thicker 
resin specimens. Consistently, all adhesive failures happened with the carbon steel tab that had been 
put atop after filling the mold with resin. 

For composite materials, ASME PCC-2 would require a minimum shear strength value of 4 MPa 
(580 psi). No value is provided for resin only coatings. If needed the shear strength can be improved 
using one of the methods determined in Q2. All the failures are adhesive. That is, the cured resin 
separates from one of the bonded surfaces. After our team meeting the technical advisory panel stated 
that optimal bonding may not necessarily be the highest lap shear strength as there are some instances 
where under impact shock, or heavy load, debonding may prevent unwanted rupture of the liner coating 
or even the pipe itself. 

The TAP clarified that stronger bonding may only be needed in specified areas. TAP members 
commented that this value is okay to be a low value (<4 MPa) and that the lap shear performance may 
not necessarily reflect the lap shear/adhesion strength as a coating since the resin is applied between two 
metal coupons for the lap shear test, whereas the rehabilitation of metallic gas pipes detailed herein will 
includes only one metal-resin interaction. The TAP was encouraged that the adhesive failure is a good 
sign for such application since the resin-metal interaction/bonding should be less than metal-metal 
interaction (cohesive failure occurs when the resin splits and both metal specimens have bonded resin 
pieces). In summary, we have fulfilled the required test for ASTM D5868, and the results are promising 
for CIPP lining with RapiCure’s system. 
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Table 2. Tabulated results of the lap shear strength per modified ASTM D5868. 
Thickness (inch) Average Load at Failure 

(MPa) 
Type of Failure 

0.104 (actual) 1.12±0.29 Adhesive 
0.133 (actual) 0.438±0.19 Adhesive 
0.199 (actual) 0.345±0.20 Adhesive 

 
 

 
Figure 4. All the failures of the ASTM D5868 are adhesive. 
 
[Items 5,6,7] [Task 4&5][Material Characterization Parts 26,27,28][ASTM D903 test specimen 
preparation, ASTM D903 testing, ASTM D903 test result analyses] 

ASTM D903 test specimen preparation 
 This test method determines the comparative peel off/stripping characteristics of adhesive bonds. 
Specifically, ASTM D903 requires the material to be tested as flexible which “indicates a material of 
the proper flexural strength and thickness to permit a turn back at an approximate 180° angle in the 
expected loading range of the test without failure.” However, with the desired/required thickness for 
the CIPP applications (at least 1/8”), RapiCure Solutions’ cured resin does not bend 180° to allow the 
measurement of this test. Thus, a modified version of the ASTM was performed. Multiple (>6) 
iterations were performed to obtain the maximum thickness of resin applied on carbon steel tabs of 10” 
by 1” that also spreads and adheres to the tab without any pooling/overflow as it contributes to the 
applied peel off force by UTM after curing. This thickness was determined to be 0.03”. Five specimens 
were prepared where the carbon steel tabs are coated with resin about 0.03” thickness and cured  

 After cooling, one end of the coating was slowly peeled about an inch and this end of the 
resin was secured with blue painters’ tape. Then, about 15”-20” blue painters’ tape was applied and 
secured from this end. The other end of the tape was rolled and used to attach to the upper clamp of the 
UTM instrument.   
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Figure 5. The sample preparation for ASTM D903 testing. 
 

ASTM D903 testing 
 The test was performed at RapiCure Solutions laboratory via UTM instrument MTI 2K model. 
The test specimen was secured in the lower grip of the UTM. That is, the one end of the carbon steel 
tab where the coating was gently peeled about an inch. Then, the attached blue painters’ tape was 
attached to the upper grip without any further peeling of the coating. The load was applied, and the 
coating started to peel off. However, as can be seen from figure, the peel off angle was not quite 180° 
but rather closer to 45° and the UTM did not register any force since the coating peels off easily via 
this method. 
 

          
Figure 6. ASTM D903 testing trials with prepared specimens. Left: Attached specimen to the UTM 
instrument. Center: During the measurement/peeling. Right: Specimens after the test.  
 

ASTM D903 test result analyses 
As stated above, UTM did not register any value for the peel off force applied. It is our 

recommendation that this test is not appropriate for testing the adhesive properties of a pipeline coating 
as this test specifically designed for adhesives/tapes for quality control and failure analysis of the 
adhesives/tapes. TAP members confirmed that this test may not be applicable to thick applications as 
it applied only to ‘flexible’ adhered samples, and D3165 was already performed and reported in Q3 
yielding acceptable results per discussions with the TAP members.   
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[Item 8,9] [Task 4&5][Material Characterization Part 31, 32][ASTM D4060 testing, ASTM D4060 
test result analyses] 

ASTM D4060 is a standardized test method to evaluate the abrasion resistance of coatings using a 
Taber Abraser. This test measures a coating’s ability to withstand abrasive wear by tracking material 
loss after controlled, repeated abrasion. Abrasion resistance is a crucial property of coatings or liners 
for pipeline coating herein, as it significantly influences the durability and longevity of the coating. The 
ability of the coating to withstand abrasion can determine how well it will perform over time, maintain 
its protective qualities and overall performance. One key customer concern raised is if the pipes are 
cleaned with abrasive pigs or other area of pipe have build-up that breaks free how might this impact 
the coating/pipe? To accurately assess this property, ASTM D4060 is employed as the standard test 
method. This method involves subjecting the coating to a rotating wheel equipped with abrasive 
particles, which will simulate the wear and tear that the coating might encounter in the pipeline. By 
doing so, it provides a reliable measure of the coating's resistance to abrasion.  
 

ASTM D4060 testing.  
As detailed in the Q3 report, multiple panels were produced, cut into ASTM D4060 specific 

dimensions specimens via waterjet cutting (6.5 mm hole in the center with a 100 mm diameter and less 
than 6.5 mm thickness), and provided to a 3rd party lab for testing. The test was performed according 
to the CS-17 standard. That is, 1000 cycles with 1000 grams load. Following the wear index I is 
calculated using 𝐼𝐼 = (A−B)1000

C
 where: A = weight of test specimen before abrasion in mg, B = weight 

of test specimen after abrasion in mg, and C = number of cycles of abrasion recorded. 
 

 
ASTM D4060 test result analyses 
The 3rd party lab provided the results of the Taber Abrasion test as given in the figure below. A 

wear Index I was reported to have an average of 66.6 mg ± 8.6 mg (n = 3)  via CS-17 standard. Our 
literature research showed that the lowest I is best for coating applications. We did not find a maximum 
allowable material loss after ASTM D4060 test for inside pipeline coating materials, but 3M Scotchkote 
epoxy based thermosetting resin used for pipeline coating from outside of the pipe reports a wear index 
of 260 mg to 375 mg. Sherwin-Williams Pipeclad amine epoxy resin reports 136 mg. Poly-cote 
polyurethane-based resin reports 100 mg while Protal epoxy pipe coating reports 93 mg. All results are 
reported according to the CS-17 standard. Denso reports that their Protal Abrasion Resistance Pipeline 
Coating, a go-to industry standard for outer pipeline protection to exhibit a wear index of 99 mg. The 
abrasion resistance of RapiCure’s material was closest in performance to a polyurethane-like coating.   
RapiCure Solutions’ resin formulation with average wear index of 66.6 mg is in some cases 2 – 5X 
better performing than industry incumbents, and outperforms the go-to outer pipeline coatings, 
suggesting that this material will offer improved abrasion performance for CIPP applications over 
existing epoxy technologies. The team will not make any attempt to increase the abrasion resistance, 
but has identified additional strategies to increase abrasion resistance if needed using simple compatible 
additives. 
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Figure 10. Pacific Scientific Gardner Impact Tester used for drop tests in RapiCure Solutions 
laboratory.   

 
 

Per recommendation from the TAP members, the preliminary tests were performed for three 
different scenarios: (i) resin only, (ii) resin with steel plate back, and (iii) steel plate with resin back. 
All preliminary tests were started by dropping the weight (4 lbs) in the tube from the maximum height 
of 46”. As can be seen from the images below, when the strike was on the steel plate with the resin 
back, no failure was observed. Similarly, when the strike was on the resin with the steel plate back, no 
failure was observed though the pin created a small indent on the strike side. No damage/failure was 
observed on the other side of the resin or on the steel back. These results concluded the preliminary 
testing for these scenarios, and one cannot move to the test procedure as no failure was observed after 
striking from the maximum height of the instrument. The applied force for this test was calculated to 
be 5.33 Newton meaning, it requires more than 5.33 Newton force to cause a failure when the impact 
was on the resin with steel back or vice versa.     
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Figure 11. Preliminary test results when the strike was performed on the steel plate with resin back 
(left) and on the resin with steel plate back (center). The strike on the resin with steel back created a 
small indent after the impact but there was no damage at the back of the resin or on the steel plate 
(right). 
    

              
 
Figure 12. The calculation of the applied force from the maximum height (46”) with 4 lbs of weight. 
 

When the preliminary test was performed on the resin only specimen (12” by 3” with 0.25” 
thickness) starting with 46” drop, a failure/damage was observed at the back of the resin while creating 
an indent at the strike zone though no rupture was observed. The preliminary test was continued as 
prescribed in the ASTM G14 document and it was determined that the optimum/approximate height 
should be 14” for the test procedure. The test procedure was performed on a new, unused resin plates 
where the strike was started from 14” followed by 0.25” increments up or down (that is, no failure 
means increase the height 0.25” for the next strike; failure means decrease the height 0.25” for the next 
strike). The results of the 20 strikes are tabulated on the table below. All strikes cause an indent on the 
strike zone, and a failure was recorded when at least a hairline crack was observed at the back of the 
resin, otherwise no failure was recorded. According to these measurements, the mean value of impact 
strength was calculated as 6.58 Joules or 58.25 in/lb (4.875 ft/lb).      
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Figure 13. The preliminary test was performed with the resin only specimen. Strike from 46” and 36” 
cause failure/damage at the back of the resin. 
 
 

                                   
Figure 14. The back side of the testing with the resin only specimen.   
 
 
Table 3. The results of the 20 successive impact readings.   

Test 
# 

Height of Drop 
(inches) Fail? (Y or N) 

1 14.00 Y 
2 13.75 N 
3 14.00 N 
4 14.25 N 
5 14.50 Y 
6 14.25 Y 
7 14.00 N 
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8 14.25 N 
9 14.50 Y 
10 14.25 N 
11 14.50 N 
12 14.75 N 
13 15.00 Y 
14 14.75 N 
15 15.00 N 
16 15.25 Y 
17 15.00 Y 
18 14.75 N 
19 15.00 Y 
20 14.75 N 

 

                                      
Figure 15. The calculation of the mean value of impact strength according to the ASTM G14. 
 
 ASTM G14 test result analyses 

Three different scenarios were tested for ASTM G14 yielding no failure when RapiCure 
Solutions’ resin is backed by a steel plate (Schedule 40) or the steel plate is backed by RapiCure 
Solutions’ resin. The calculated applied force is 5.33 Newton meaning, it takes more force than this 
value to create a failure for those scenarios. With 3X the fracture toughness of standard epoxy resins, 
and available chemistry to dissipate impact forces, it is not surprising that when the impact/strike is on 
the resin with steel plate backing or on the steel plate with resin backing no failure was observed. This 
is also a great result for this technology indicating that as a coating this resin system will have excellent 
impact perfrmance.  

 When only RapiCure Solutions’ resin is tested, the mean value of impact strength was calculated 
as 6.58 Joules or 58.25 in*lbf for a panel with thickness of 0.25” (6.35 mm). This last scenario imitates 
a structural failure of the pipe that was rehabilitated by RapiCure Solutions’ resin previously. That is, 
if the coated pipe had a catastrophic failure exposing the resin, more than or equal to 6.58 Joules or 
58.25 in*lbf energy required to cause a failure.  

Nearly all literature results found reported a modified test, thus, it is difficult to truly compare to 
another material without performing this test in-house against another material standard. RapiCure may 
procure other commercial products for in-house evaluation. According to our literature search, we 
haven’t been able to find a value/threshold for ASTM G14 test for inside pipe coating materials. 
However, 2004 Northern Area Western Conference report claims the mean value of impact strength 
should be greater than 1.5 Joules. Note that this value was reported for outside pipe coating and un-
modified ASTM G14. Nevertheless, the search for technical data sheets of the legacy resins showed 
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values ranging from 4 Joules to 18 Joules where most of them “modified” ASTM G14 tests and the 
modification was not necessarily disclosed. For example, 3M Scotchkote Fusion-bonded thermoset 
epoxy coating reports modified ASTM G14 results for 3.2 mm thick plate as 18.1 Joules and 9.5 mm 
thick plate as 6.7 Joules. ErgonArmor Novocoat SC2200 rapid set pipe coating reports ASTM G14 
result as 8-9 Joules. Rocor Flint-Coat epoxy resin reinforced with flint aggregate wrap coating reports 
4.1 Joules and Denso Protal 7200 High Build Pipeline Coating reports 8 Joules. 

RapiCure Solutions’ resin formulation yields comparable mean value of impact strength for resin 
only ASTM G14 tests and shows no failure when backed with steel (or vice versa) within our testing 
capabilities, further strengthens our claim that the material is an excellent choice for CIPP applications 
to rehabilitate metal gas pipelines. Additional material testing may be warranted to understand the 
comparable performance of alternative products in the market.     

 
Overall ASTM Results  
The team finished the remaining ASTM tests from Q3 in this quarter per ASTM F2207-06 and 

ASME  PCC-2-2022 Article 403 recommendations. The overall results are provided in the table below 
for the ASTM tests that we have been able to find comparable and/or typically required threshold 
values. All things considered, the resin formulation developed and tested for spray applications at 
RapiCure Solutions’ laboratories to rehabilitate gas pipelines showed very good performance and to be 
very well suitable for CIPP applications. Additional testing may be added later such as ASTM G57-20 
for pipeline corrosion resistance or slurry abrasion resistance testing. 

 
Table 4. Complete results of the ASTM tests performed for RapiCure Solutions’ resin formulation 

and comparison to the literature where a required minimum/maximum value is reported and/or 
comparable legacy resin results are reported via technical datasheets. For detailed information, please 
see the main text herein or Q3 report.  

ASTM RapiCure Solutions' resin Remarks 
D790 

Flexural Properties 67.9 MPa >30 MPa is required 

D638 
Tensile Properties 46.1 MPa >20 MPa is required 

D2990 
Creep Properties 

>98% strength retention 50-year for all 
temperatures tested: 25, 50 and 70 °C 

under 2, 3, and 4 N force 
≥50% expected to retain  

D696 
Coefficient of Linear 
Thermal Expansion 

7.9E-05 /°C to 8.0E-05 /°C <10E-05 /°C is needed for 
CIPP applications 

D4060 
Abrasion Resistance 66.6 mg loss (CS-17 standard) ≥100 mg loss is reported for 

legacy pipe coating resins 
G14 

Impact Resistance 6.58 Joules >1.5 Joules required for 
outside pipe coating 
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[Item 16] [Task 13][Team Meetings] 
Various team meets were held this quarter with many TAP members, either virtual or in-person. 

These meetings led to additional improvements, testing, and commercialization-related outcomes. 
Additional outreach was performed with potential customers and experienced operators. A  
pipe has been identified for trials before the end of the year. A  provider in the area has 
agreed to perform the trials and the project team is continuing to make every effort to commercialize 
the solution. To this end several key members and advisors on the team have attended related 
conferences and meetings.  additional SIPP/CIPP commercial entities are interested in supporting 
in-field trials in the coming months. The company also applied to speak out these results at next year’s 
AGA meeting in Tampa. A white paper is in the works to discuss the results of this project along with 
general SIPP/CIPP technologies as a direct result of the research outcomes from this work.  
 
 
5: Project Schedule – 
The project is on time regarding testing and slightly delayed with respect to the in-field testing goals by 
month 12. These tests are planned in the coming quarter. 
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