
Florida DOT Pipe Advisory Group 
Meeting Minutes – April 26, 2007 

Attendees 

Rod Powers, FDOT 
Brian Blanchard, FDOT 
Jim Schluter, Contech 
Bill Burnette, Contech 
Justin James, Contech 
Jon Sickels, ADS 
Ron Craig, Hanson 
Al Hogan, Contech 
Paul Harkins, Hardie Pipe 
Angel De Jesus, Hanson 
Carl Tyner, Quality Culvert 
Brian Hunsicker, US Concrete Pipe 
Lora Hollingsworth, FDOT 
Sheila Blanchard, FDOT Daughter 
Risha Prasad, FDOT Daughter 
Sid Hilton, Chemax 
Greg Bohn, ADS 
Jeff Hite, Rinker 
 

Michael Pluimer, PPI 
Doug Holdener, Rinker 
Mike Glasgow, Uni-Bell PVC 
John Johnston, J. Johnston Company 
Richard Kessler, FDOT 
Tom Fussner, ADS 
Keith Morrison, Contech 
Rob Adamson, Contech 
Brent Brewbaker, Contech 
Bob Slicker, ADS 
Grace Hsuan, Drexel 
Ron Stepanovoch, Tone & Associates 
Dale Pennington, Metal Culverts, Inc. 
Sean Hapeman, Metal Culverts, Inc. 
Bob Kerr, KWH Pipe, Inc. 
David Sadler, DOT 
Ananth Prasad, DOT 
Rick Renna, FDOT

Welcome from Chief Engineer Ananth Prasad 
Ananth Prasad welcomed members of the PAG.  He stated that dialog was welcomed by the 
FDOT, but that FDOT, as the owner, must ultimately make the final decisions on matters of 
policy.  Every pipe has issues that affect its performance, he stated, and FDOT has the 
responsibility to consider long term viability. 
 
HDPE Pipe protocol – Grace Hsuan, Drexel / Rod Powers 
Dr. Hsuan gave a presentation covering the following topics: 

• Review of Previous Work 

• Round Robin Tests 

• Establishment of 95% confidence target/Minimum Failure Time/TTG 

• Arrhenius (RPM) to Popelar Shift Factors 

The presentation is attached to this document:     

Dr. Hsuan PAG 
4-26-07.pdf
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Rod Powers discussed the new index test currently being developed, the Falling Weight Index 
Test, which assesses material toughness, a measure of the initial strength of the HDPE pipe 
material.  He affirmed that this test was a QC/QA index test, not a qualifying test. Currently a 
study is being carried out by Drexel University where we hope to establish correlations of 
toughness values to other attributes of the pipe. 
 
HDPE Pipe Materials Technical Review Group - Ananth Prasad / Rod Powers 
Section 948 Specification Implemented in July 2005 and created Class II HDPE Pipe and defined 
properties and relevant test methods (protocol).  The HDPE Materials Technical Review Group 
(TRG) was formed in March 2006.  Three face to face meetings were held.  The draft final report 
has been reviewed and comments from TRG members included.  FDOT performed editorial 
review only.  The HDPE Materials TRG Final Report was released in April 2007.  The TRG 
report conclusion was as follows: 
 

“Based on current science, standard test methods, and known failure mechanisms for PE, 
the FDOT interim specification (Section 948) is adequate to qualify corrugated PE pipe 
for Class II pipe in the State of Florida.” 

 
DOT will continue to look at research issues, as long as value is added.  Issues that are academic 
only will receive less attention.  FDOT is moving forward with current specification as written. 

Owners will need to be qualified, size-specific, and then the DDrEs will be notified that a Cl. II 
pipe is available.   

2 RR labs gave shorter failure times during the round robin testing – Dr. Hsuan speculated that 
residual igepal may have contaminated the bath water, resulting in shorter failure times.  Those 
labs’ results were not thrown out.  QC / QA processes will be initiated to ensure that quality of 
product is maintained.  A listing of pipe manufacturer’s with accepted quality control plans for 
flexible pipes is available at the State Materials Office website.    Materials Office staff is 
equipped and available to perform Independent Assurance testing and inspection. 

Construction Issues – David Sadler 
David Sadler related a number of construction issues as bulleted below: 

• Installation problems During Construction – typically installation issues.  
Manufacturers have a parental responsibility towards pipe contractors.  Laser ring 
reports are just now starting in the field.  Currently spec calls for inspection before 
application of the friction course. 

• Early Video Inspection with Subsequent Reduced Final Inspection – FDOT wants 
early inspection to allow easier repair – a QC tool.  Contractors are not yet getting the 
message that early inspection is profitable to the Contractors, as opposed to tearing 
down previous work.  FDOT is considering a full inspection at about 4 ft. of cover 
and then a later, random check before the friction course.  The idea is to avoid 
expensive, invasive repairs.  
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• Laser Ring Inspection Implementation:  Dave will bring some sample projects to the 
next PAG meeting.  There are no certification requirements for laser ring contractors.  
Conclusions from laser ring inspections will be made by engineers, not inspectors. 

 
Activities of the Pipe Installation Task Group – Rick Renna 
The Pipe Installation Task Group (PITG) was originally created to examine the practicability of 
field inspectors’ perceiving pipe deflections greater than 5%.  With the advent of the laser ring 
inspection, this issue is on hold but other matters are being considered.  FDOT’s vision is to 
obtain defect-free pipe, not planned poor construction or automatic acceptance of defective pipe 
installations.  Thus, when installation problems happen, a case by case consideration is employed 
to resolve problems.  Some current efforts of the PITG are shown below: 

• Cataloging of Pipe Field Repair Methodology – designed to be a tool box rather than 
re-invent the wheel every time a problem occurs.  Progress has been a bit slow as 
industries send in their information. 

• Inspectors’ Training – needs to emphasize more on plastic pipes and current 
inspection tools 

Other Issues / Questions from Industry 
(1) Question:  What is the status of the pipe joint spec change?  

DOT Response:  The requirement for water tight joints (5 psi) was in place beginning with Jan. 
2007 letting.  Joints should not be leaking if installed properly. 
 
(2) Ananth:  Are the Manufacturers working with Contractors to provide proper installation?   

Industry Response:  Manufacturers are providing guidance and recommendations, and refusing 
to sell to repetitively poor performing contractors.   

Ananth suggested regional training by the Manufacturers 
 
(3) Question:  What was the reasoning behind the merging of pipe pay items? 

DOT Response:  Pipe pay items are merged when unit prices are not too far apart.  The 
Department desires to minimize the number of pay items when feasible. 
 
(4) Question:  Would the DOT consider paying for pipe inspection separately? 

DOT Response:  Pipe inspection is paid with the pipe length.  DOT will be looking at possibly 
changing this as we consider changes in our inspection process (early inspection discussed 
above).  If DOT moves forward with early inspection, the change would not be implemented 
until January 2008. 
 
Date for the Next PAG Meeting 
The PAG reached consensus that future PAG meetings should not occur at regular intervals, but 
that we should meet when issues arise. 
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Background


Project started in early 2003


Final Report was issued in 2005


Task 1 – Stress Crack Resistance


Task 2 – Oxidation Resistance


Task 3 – Long-term Properties







Outcomes


1. Long-term tensile stress in the pipe was 
found to 500 psi under 5% deflection


2. Material specification:
a) Liner test
b) Junction tests
c) Oxidative induction time (OIT) test
d) Aging coupling with OIT test







Pipe Location Test Method Test Conditions Requirement


Part I – Stress Crack Properties of Pipe


Pipe Liner FM 5-572, Procedure A
10% Igepal solution at 50oC 600 
psi applied stress;
5 replicates


Average failure time of the pipe 
liner shall be 
≥ 17 hours; no single value 
shall be less than 
12 hours.


Pipe Corrugation* 
(molded plaque) ASTM F 2136 10% Igepal solution at 50oC 600 


psi applied stress


Average failure time shall be ≥
24 hours; no single value shall 
be less than 17 hours.


Test temperature 80oC and applied 
stresses of 650 and 450 psi; Test 
temperature 70oC and applied 
stress of 650 psi; 5 replicates at 
each stress level


Calculate three constants 
Failure time at 500 psi at 23oC 
≥ 100 years (95% statistical 
confidence)


Single Test:
Test temperature 80oC and applied 
stress of 650 psi. 5 replicates


The failure time must be equal 
or greater than the calculated 
value using the three constants 
from the three points test 


Test temperature 80oC and applied 
stresses of 650 and 450 psi;
Test temperature 70oC at applied 
stress of 650 psi; 
5 replicates at each stress level


Calculate three constants 
Failure time at 500 psi at 23oC 
≥ 100 years (95% statistical 
confidence)


Single Test: Test temperature 
80oC and applied stress of 650 
psi., 
5 replicates


The failure time must be equal 
or greater than the calculated 
value using the three constants 
from the three points test 


Longitudinal 
Profile**


FM 5-572, Procedure C, 
and FM 5-573 
ASTM D 2837


Junction** FM 5-572, Procedure B and 
FM 5-573 ASTM D 2837


Stress Crack Resistance Properties







Part II – Oxidation Resistance of Pipe


Liner and/or 
Crown OIT Test (ASTM D 3895) 2 replicates (to determine initial 


OIT value) 25 minutes, minimum


Liner and/or 
Crown


Incubation test FM 5-574, 
Procedure A, and 
ASTM D 3895


Three samples for incubation of 
264 days at 80oC and applied 
stress of 250 psi; One OIT test 
per each sample.


Average OIT value shall be ≥
3 minutes (no single value 
shall be less than 2 minutes)


Oxidation Resistance







a) Pipe liner was tested according to NCLS test


Longitudinal


corrugation 
removed


Circumferential


Valley
Crest


Liner


Web


outer crest surface


outer liner surface


inner crest surface


inner liner surface







Failure times for plaque and pipe liner 


Based on the results from the NCHRP 
4-26 project


Pipe Material Test Material Minimum Failure 
Time (hr)


Virgin Resin Plaque 33


Plaque 24
Pipe Liner 18Pipe







b) Pipe junction was tested according to 
FM 5-572, Procedure B


Longitudinal


Circumferential


Valley
Liner


Machine 
Direction


Corrugation
removed 


90 mm
33 mm


Longitudinal


Circumferential


Valley
Liner


Machine 
Direction


Corrugation
removed 


90 mm
33 mm


90 mm
33 mm







Longitudinal


Circumferential


Valley
Liner


Corrugation
removed 







Test Conditions


• Media:
– water


• Test Temperature:
– Liner tests – 40, 60, 70 and 80oC
– Junction tests – 60, 70 and 80oC


• Applied Stress (Brittle Region):
– Liner test – 2 to 8 MPa
– Junction tests – 3.1 to 7 MPa







Notched Liner Test Data


80oC 70oC 60oC


40oC







Junction Test Data


80oC
70oC


60oC







Data Summary


SlopeMaterial


80oC 70oC 60oC 40oC


Liner -0.50 -0.45 -0.41 -0.44


Junction -0.22 -0.21 -0.17 NA







Extrapolation Methods


1. Popelar’s Shift Method (PSM)


( )[ ]
( )[ ]RT


RT
TT.expb
TT.expa


−=
−−=


01160
1090


Where:
aT = horizontal shift function (time function)
bT = vertical shift function (stress function)
T = temperature of the test, in K
TR = target temperature, in K







Cont.


2. Rate Process Method (RPM)


T
logC


T
BAtlog σ
++=


Where:
t = failure time, in hours
σ = applied stress, in MPa
T = temperature of the test, in K
A, B and C = constants







Notched Liner Test Data


80oC 70oC 


60oC 
40oC 


PSM 


RPM 







Junction Test Data


80oC
70oC


60oC


PSM


RPM







100-Year Performance


• Tensile stress in the pipe under 5% 
vertical deflection was found to be 
3.4 MPa (McGrath)


• Cracking should not take place under 
such stress for 100 years







Extrapolate Junction Data


80oC


70oC


60oC


23oC


100 yr







Round Robin Programs
Two RR programs were carried out based on FM 5-572 


Procedure B 


• RR-1:
– Five labs
– Pipe sections from three different pipes
– Lab cut their own specimens
– All specimens were taken from the circumferential direction
– Three test conditions


• RR-2:
– Seven labs
– One pipe sample
– Pipe specimens were cut by a single labs.
– Specimens from longitudinal and circumferential directions
– One single test condition (80oC at 650 psi)







RR-1 Test Results


• One side of the junctions is more 
susceptible to cracking than the other 
(trailing or leading)


• Large variation among the three pipes
– Pipe A – failure times were obtained at all 


three test conditions.  However, the 
variability among five labs was very large.


– Pipes B and C could not reach failure even 
after 4000 hrs in most of tests.







Pipe A Test Data and Extrapolation using RPM







RR-2 Test


• The purpose of this RR test was to 
assess the junction variability in a pipe.


• Five specimens from circumferential 
and five from longitudinal.


• A single test condition
– 80oC 
– 650 psi







RR-2 Circumferential Sampling







RR-2 Circumferential Test Results


Lab. Mean STDEV Ta ST Sr SR
1 2 3 4 5 (Ca) (Sc)


1 31.5 40 49 37 31 38 7.3
2 108 153.5 149 180 325 183 83.5
3 73.7 41 121 62 70 73 29.5
4 7.4 58 72 133 119 78 50.5 74 60 39 69
5 92.4 106.2 137 117 105 112 16.8
6 14.1 13 17 17 18 16 2.4
7 7.2 18 17 10 35 17 10.7


Ta = average of cell average 
ST= standard deviation of cell averages 
Sr = repeatability standard deviation 
SR = reproducibility standard deviation 


Test Results, Failure Time (hr)







RR-2 Longitudinal Sampling







RR-2 Longitudinal Test Results


Lab. Mean STDEV Ta ST Sr SR
1 2 3 4 5 (Ca) (Sc)


1 97 126.4 72.8 81.9 88.5 93 20.5
2 285 620.3 558 247.7 194.1 381 193.9
3 124 275.2 546 213.3 387.8 309 163.4
4 735 855 772 166.7 140 534 350.1 208 201 164 249
5 69.6 153.8 84.9 86.5 42.7 88 41.0
6 17.8 23.7 22.1 17.8 17.8 20 2.9
7 21.7 41.45 29.2 17.4 34.9 29 9.7


Ta = average of cell average 
ST= standard deviation of cell averages 
Sr = repeatability standard deviation 
SR = reproducibility standard deviation 


Test Results, Failure Time (hr)







Issues Regarding Current 
Interim Junction Test Specification


• Pipes with long failure times (i.e, good 
stress crack resistance) will be 
penalized.


• Variability along the longitudinal 
direction of the pipe was found to be 
greater than circumferential direction. 







Alternative Test Criterion


Apply to junction and longitudinal profile tests


• Method 1 - Test to failure
– Use RPM to extrapolation failure curve at 23oC
– Use ISO 9080 to determine 95% LCI


• Method 2 – Test to minimum failure times
– tests can be terminated when they reach the 


recommended values 







Minimum Failure Times


• Adopting Popelar Shift Method (PSM) to 
determine the failure time and applied stress.


• Applying appropriate brittle slope value to 
calculate the failure time at 650 psi


• Using RR-2 data on circumferential 
specimens to determine the standard 
deviation of the test


• Utilizing t-distribution to calculate failure 
time with 95% LCI. 







Junction Test Data


80oC
70oC


60oC


PSM


RPM







Comparing values obtained from 
Popelar shift factors and ASTM D 2837 
requirements


Validation
100,000 hr HDB 


at 23oC Stress (psi) Time (hr) Stress (psi) Time (hr) Stress (psi) Time (hr) Stress (psi) Time (hr)
1600 735 70 1602 103933 825 200 1601 99840
1250 575 70 1254 103933 645 200 1251 99840
1000 460 70 1003 103933 515 200 999 99840
800 365 70 796 103933 415 200 805 99840
630 290 70 632 103933 325 200 631 99840
500 230 70 501 103933 260 200 504 99840


90oC Test
ASTM Defined Value Popelar Shifted Value


80oC Test
ASTM Defined Value Popelar Shifted Value







Determine the minimum failure time at 
80oC under 650 psi


1. Calculate aT and bT values based on 
T = 80oC and TR = 23oC:


2. aT = 0.002 and bT = 1.937.  
3. Determine the required failure time and 


applied stress at 80oC test condition based on 
500 psi and 100 years at 23oC:
σ80oC = 500 psi /1.937 = 258 psi


t80oC = 100 yr * 0.002 = 876000 hr * 0.002 
= 1752 hr







Cont.


4. Determine the failure time at 650 psi using 
the slope of the stress/failure time curve.


5. The slope values of junction tests and 
pressure burst tests are listed in the table


Test data obtained from Kenner, V.H., Popelar, C.H., and Wooster, J.P. (1991) Proceedings 
of 12th Plastic Fuel Gas Pipe Symposium, Sept., 24-26, Boston, MA. 


Corrugated Pipe Junction Tests
Material Brittle Slope Material Brittle Slope
MDPE#1 0.36 Pipe A 0.22
PE KWA 0.32 Pipe B 0.20


PE 23061A 0.20
PE TR418 0.34


Gas Pipe Burst Tests*







Cont.


6. The average slope value of - 0.27, the failure 
time under 650 psi applied stress can be 
obtained.


hours 58x
logxlog


loglog.


=
−
−


=−
1752


258650270







Cont.
7. Incorporate the upper 95% confidence limit 


to the 58 hours using the results of the RR-2 
on circumferential samples. 


8. The coefficient of variation (COV) for 
reproducibility is 93%.


9. Apply the same COV to the average failure 
time of 58 hours to obtain the potential 
standard deviation of the five test 
specimens, the result is ± 54 hours.







Cont.


10. Use the t-distribution to calculate the 95% 
upper confidence limit of 5 tests, as 
shown in Eq.


hours


.UCL


n
SAXUCL


%


%


110
4


549415895


95


=


+=


+=


The minimum failure time at 80oC 
under 650 psi applied stress should be 110 hr.







Cont.


Apply the same 10 steps to determine failure 
times at 80oC under 450 psi and 70oC 
under 650 psi. 


Temperature (oC) Stress (psi) Minimum Failure Time (hr)


80 650 110


80 450 430


70 650 500







Sampling


The current test method takes specimens 
only from the circumferential direction 
of the pipe.


Discussion to evaluate the longitudinal 
direction of the pipe is ongoing.







Oxidation Resistance


• Oxidation resistance tests on pipes and 
resin plaques with known AO packages 


• Incubate in water, air and air/water cycles 
at 55, 65, 75 and 85oC


• Tests on incubated samples:
OIT
FTIR
Tensile properties
Melt index





		Test Protocols for �HDPE Corrugated Pipes�to Assure 100-year Service Life 

		Background

		Outcomes

		a) Pipe liner was tested according to NCLS test

		Failure times for plaque and pipe liner 

		b) Pipe junction was tested according to �	FM 5-572, Procedure B

		Test Conditions

		Notched Liner Test Data

		Junction Test Data

		Data Summary

		Extrapolation Methods

		Cont.

		Notched Liner Test Data

		Junction Test Data

		100-Year Performance

		Extrapolate Junction Data

		Round Robin Programs

		RR-1 Test Results

		RR-2 Test

		RR-2 Circumferential Test Results

		RR-2 Longitudinal Test Results

		Issues Regarding Current �Interim Junction Test Specification

		Alternative Test Criterion

		Minimum Failure Times

		Junction Test Data

		Comparing values obtained from Popelar shift factors and ASTM D 2837 requirements 

		Determine the minimum failure time at 80oC under 650 psi

		Cont.

		Cont.

		Cont.

		Cont.

		Cont.

		Sampling

		Oxidation Resistance






Test Protocols for 
HDPE Corrugated Pipes


to Assure 100-year Service Life


Grace Hsuan, Ph.D.
Associate Professor


Civil, Architectural and Environmental Engineering
Drexel University 


April 28, 2007


Drexel
UNIVERSITY







Background


Project started in early 2003


Final Report was issued in 2005


Task 1 – Stress Crack Resistance


Task 2 – Oxidation Resistance


Task 3 – Long-term Properties







Outcomes


1. Long-term tensile stress in the pipe was 
found to 500 psi under 5% deflection


2. Material specification:
a) Liner test
b) Junction tests
c) Oxidative induction time (OIT) test
d) Aging coupling with OIT test







Pipe Location Test Method Test Conditions Requirement


Part I – Stress Crack Properties of Pipe


Pipe Liner FM 5-572, Procedure A
10% Igepal solution at 50oC 600 
psi applied stress;
5 replicates


Average failure time of the pipe 
liner shall be 
≥ 17 hours; no single value 
shall be less than 
12 hours.


Pipe Corrugation* 
(molded plaque) ASTM F 2136 10% Igepal solution at 50oC 600 


psi applied stress


Average failure time shall be ≥
24 hours; no single value shall 
be less than 17 hours.


Test temperature 80oC and applied 
stresses of 650 and 450 psi; Test 
temperature 70oC and applied 
stress of 650 psi; 5 replicates at 
each stress level


Calculate three constants 
Failure time at 500 psi at 23oC 
≥ 100 years (95% statistical 
confidence)


Single Test:
Test temperature 80oC and applied 
stress of 650 psi. 5 replicates


The failure time must be equal 
or greater than the calculated 
value using the three constants 
from the three points test 


Test temperature 80oC and applied 
stresses of 650 and 450 psi;
Test temperature 70oC at applied 
stress of 650 psi; 
5 replicates at each stress level


Calculate three constants 
Failure time at 500 psi at 23oC 
≥ 100 years (95% statistical 
confidence)


Single Test: Test temperature 
80oC and applied stress of 650 
psi., 
5 replicates


The failure time must be equal 
or greater than the calculated 
value using the three constants 
from the three points test 


Longitudinal 
Profile**


FM 5-572, Procedure C, 
and FM 5-573 
ASTM D 2837


Junction** FM 5-572, Procedure B and 
FM 5-573 ASTM D 2837


Stress Crack Resistance Properties







Part II – Oxidation Resistance of Pipe


Liner and/or 
Crown OIT Test (ASTM D 3895) 2 replicates (to determine initial 


OIT value) 25 minutes, minimum


Liner and/or 
Crown


Incubation test FM 5-574, 
Procedure A, and 
ASTM D 3895


Three samples for incubation of 
264 days at 80oC and applied 
stress of 250 psi; One OIT test 
per each sample.


Average OIT value shall be ≥
3 minutes (no single value 
shall be less than 2 minutes)


Oxidation Resistance







a) Pipe liner was tested according to NCLS test


Longitudinal


corrugation 
removed


Circumferential


Valley
Crest


Liner


Web


outer crest surface


outer liner surface


inner crest surface


inner liner surface







Failure times for plaque and pipe liner 


Based on the results from the NCHRP 
4-26 project


Pipe Material Test Material Minimum Failure 
Time (hr)


Virgin Resin Plaque 33


Plaque 24
Pipe Liner 18Pipe







b) Pipe junction was tested according to 
FM 5-572, Procedure B


Longitudinal


Circumferential


Valley
Liner


Machine 
Direction


Corrugation
removed 


90 mm
33 mm


Longitudinal


Circumferential


Valley
Liner


Machine 
Direction


Corrugation
removed 


90 mm
33 mm


90 mm
33 mm







Longitudinal


Circumferential


Valley
Liner


Corrugation
removed 







Test Conditions


• Media:
– water


• Test Temperature:
– Liner tests – 40, 60, 70 and 80oC
– Junction tests – 60, 70 and 80oC


• Applied Stress (Brittle Region):
– Liner test – 2 to 8 MPa
– Junction tests – 3.1 to 7 MPa







Notched Liner Test Data


80oC 70oC 60oC


40oC







Junction Test Data


80oC
70oC


60oC







Data Summary


SlopeMaterial


80oC 70oC 60oC 40oC


Liner -0.50 -0.45 -0.41 -0.44


Junction -0.22 -0.21 -0.17 NA







Extrapolation Methods


1. Popelar’s Shift Method (PSM)


( )[ ]
( )[ ]RT


RT
TT.expb
TT.expa


−=
−−=


01160
1090


Where:
aT = horizontal shift function (time function)
bT = vertical shift function (stress function)
T = temperature of the test, in K
TR = target temperature, in K







Cont.


2. Rate Process Method (RPM)


T
logC


T
BAtlog σ
++=


Where:
t = failure time, in hours
σ = applied stress, in MPa
T = temperature of the test, in K
A, B and C = constants







Notched Liner Test Data


80oC 70oC 


60oC 
40oC 


PSM 


RPM 







Junction Test Data


80oC
70oC


60oC


PSM


RPM







100-Year Performance


• Tensile stress in the pipe under 5% 
vertical deflection was found to be 
3.4 MPa (McGrath)


• Cracking should not take place under 
such stress for 100 years







Extrapolate Junction Data


80oC


70oC


60oC


23oC


100 yr







Round Robin Programs
Two RR programs were carried out based on FM 5-572 


Procedure B 


• RR-1:
– Five labs
– Pipe sections from three different pipes
– Lab cut their own specimens
– All specimens were taken from the circumferential direction
– Three test conditions


• RR-2:
– Seven labs
– One pipe sample
– Pipe specimens were cut by a single labs.
– Specimens from longitudinal and circumferential directions
– One single test condition (80oC at 650 psi)







RR-1 Test Results


• One side of the junctions is more 
susceptible to cracking than the other 
(trailing or leading)


• Large variation among the three pipes
– Pipe A – failure times were obtained at all 


three test conditions.  However, the 
variability among five labs was very large.


– Pipes B and C could not reach failure even 
after 4000 hrs in most of tests.







Pipe A Test Data and Extrapolation using RPM







RR-2 Test


• The purpose of this RR test was to 
assess the junction variability in a pipe.


• Five specimens from circumferential 
and five from longitudinal.


• A single test condition
– 80oC 
– 650 psi







RR-2 Circumferential Sampling







RR-2 Circumferential Test Results


Lab. Mean STDEV Ta ST Sr SR
1 2 3 4 5 (Ca) (Sc)


1 31.5 40 49 37 31 38 7.3
2 108 153.5 149 180 325 183 83.5
3 73.7 41 121 62 70 73 29.5
4 7.4 58 72 133 119 78 50.5 74 60 39 69
5 92.4 106.2 137 117 105 112 16.8
6 14.1 13 17 17 18 16 2.4
7 7.2 18 17 10 35 17 10.7


Ta = average of cell average 
ST= standard deviation of cell averages 
Sr = repeatability standard deviation 
SR = reproducibility standard deviation 


Test Results, Failure Time (hr)







RR-2 Longitudinal Sampling







RR-2 Longitudinal Test Results


Lab. Mean STDEV Ta ST Sr SR
1 2 3 4 5 (Ca) (Sc)


1 97 126.4 72.8 81.9 88.5 93 20.5
2 285 620.3 558 247.7 194.1 381 193.9
3 124 275.2 546 213.3 387.8 309 163.4
4 735 855 772 166.7 140 534 350.1 208 201 164 249
5 69.6 153.8 84.9 86.5 42.7 88 41.0
6 17.8 23.7 22.1 17.8 17.8 20 2.9
7 21.7 41.45 29.2 17.4 34.9 29 9.7


Ta = average of cell average 
ST= standard deviation of cell averages 
Sr = repeatability standard deviation 
SR = reproducibility standard deviation 


Test Results, Failure Time (hr)







Issues Regarding Current 
Interim Junction Test Specification


• Pipes with long failure times (i.e, good 
stress crack resistance) will be 
penalized.


• Variability along the longitudinal 
direction of the pipe was found to be 
greater than circumferential direction. 







Alternative Test Criterion


Apply to junction and longitudinal profile tests


• Method 1 - Test to failure
– Use RPM to extrapolation failure curve at 23oC
– Use ISO 9080 to determine 95% LCI


• Method 2 – Test to minimum failure times
– tests can be terminated when they reach the 


recommended values 







Minimum Failure Times


• Adopting Popelar Shift Method (PSM) to 
determine the failure time and applied stress.


• Applying appropriate brittle slope value to 
calculate the failure time at 650 psi


• Using RR-2 data on circumferential 
specimens to determine the standard 
deviation of the test


• Utilizing t-distribution to calculate failure 
time with 95% LCI. 







Junction Test Data


80oC
70oC


60oC


PSM


RPM







Comparing values obtained from 
Popelar shift factors and ASTM D 2837 
requirements


Validation
100,000 hr HDB 


at 23oC Stress (psi) Time (hr) Stress (psi) Time (hr) Stress (psi) Time (hr) Stress (psi) Time (hr)
1600 735 70 1602 103933 825 200 1601 99840
1250 575 70 1254 103933 645 200 1251 99840
1000 460 70 1003 103933 515 200 999 99840
800 365 70 796 103933 415 200 805 99840
630 290 70 632 103933 325 200 631 99840
500 230 70 501 103933 260 200 504 99840


90oC Test
ASTM Defined Value Popelar Shifted Value


80oC Test
ASTM Defined Value Popelar Shifted Value







Determine the minimum failure time at 
80oC under 650 psi


1. Calculate aT and bT values based on 
T = 80oC and TR = 23oC:


2. aT = 0.002 and bT = 1.937.  
3. Determine the required failure time and 


applied stress at 80oC test condition based on 
500 psi and 100 years at 23oC:
σ80oC = 500 psi /1.937 = 258 psi


t80oC = 100 yr * 0.002 = 876000 hr * 0.002 
= 1752 hr







Cont.


4. Determine the failure time at 650 psi using 
the slope of the stress/failure time curve.


5. The slope values of junction tests and 
pressure burst tests are listed in the table


Test data obtained from Kenner, V.H., Popelar, C.H., and Wooster, J.P. (1991) Proceedings 
of 12th Plastic Fuel Gas Pipe Symposium, Sept., 24-26, Boston, MA. 


Corrugated Pipe Junction Tests
Material Brittle Slope Material Brittle Slope
MDPE#1 0.36 Pipe A 0.22
PE KWA 0.32 Pipe B 0.20


PE 23061A 0.20
PE TR418 0.34


Gas Pipe Burst Tests*







Cont.


6. The average slope value of - 0.27, the failure 
time under 650 psi applied stress can be 
obtained.


hours 58x
logxlog


loglog.


=
−
−


=−
1752


258650270







Cont.
7. Incorporate the upper 95% confidence limit 


to the 58 hours using the results of the RR-2 
on circumferential samples. 


8. The coefficient of variation (COV) for 
reproducibility is 93%.


9. Apply the same COV to the average failure 
time of 58 hours to obtain the potential 
standard deviation of the five test 
specimens, the result is ± 54 hours.







Cont.


10. Use the t-distribution to calculate the 95% 
upper confidence limit of 5 tests, as 
shown in Eq.


hours


.UCL


n
SAXUCL


%


%


110
4


549415895


95


=


+=


+=


The minimum failure time at 80oC 
under 650 psi applied stress should be 110 hr.







Cont.


Apply the same 10 steps to determine failure 
times at 80oC under 450 psi and 70oC 
under 650 psi. 


Temperature (oC) Stress (psi) Minimum Failure Time (hr)


80 650 110


80 450 430


70 650 500







Sampling


The current test method takes specimens 
only from the circumferential direction 
of the pipe.


Discussion to evaluate the longitudinal 
direction of the pipe is ongoing.







Oxidation Resistance


• Oxidation resistance tests on pipes and 
resin plaques with known AO packages 


• Incubate in water, air and air/water cycles 
at 55, 65, 75 and 85oC


• Tests on incubated samples:
OIT
FTIR
Tensile properties
Melt index
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