
Florida DOT Pipe Advisory Group 
Meeting Notes 

October 30, 2013, 10 am – 4 pm, SMO 
 

• Introductions / Sign in / Meeting Overview (Rick Renna – 5 min)  

o Attendee list: 

PAG 10-30-13 Sign 
In Sheet  

 

• Welcome from the Chief Engineer (Tom Byron - 10 min)   

o Tim Ruelke welcomed the PAG in the stead of Tom Byron.  

o Presentation: 

 

o Discussed Work Program, budget, toll facilities, design build projects and 
the upcoming I-4 project 

• Steel Reinforced Polyethylene Pipe Service Life (Mario / Rod Powers, 
Contech - 45 min)  

o Presentation: 

DMX FDOT PAG 
103013.pdf  

o Mario Paredes mentioned that HDPE testing used the same protocol as 
testing for AASHTO M294 corrugated HDPE pipe. 

  



o Doug Holdener asked the following (responses included): 
 Was structural analysis performed with 50% rib loss? yes 

 Why 5% strain? This is the standard for HDPE testing.  

 What happens if ribs are completely cut off?  It depends on where and how 
many ribs are removed.  Would it affect the structural performance of the pipe? 
Yes.  Would the entire pipe fail? No.   

 Will damaged pipes would be repaired before installation.  Yes. 

• LRFD Pipe Cover Heights (Rick / Rick Jenkins, FDOT - 30 min) 

o Presentation: 

PAG 2013 LRFD.pdf

 

o Q:  Does PVC allowable cover of 40 feet fail the smell test? 

 A:  No, it was expected for PVC to increase.  FDOT knew that PVC 
max cover was too shallow within the FDOT 205 Standard Index. 

o Q:  Are assumptions and calculations available in the new 2014 Drainage 
Manual?   

 A:  The assumptions will be added to the Drainage Manual Appendix 
E.  The formulas are per AASHTO LRFD requirements.   

o Q:  Can an engineer perform the calculations and provide sign and sealed 
results and change min or maximum covers?  

 A:  The general notes in Appendix E states that calculations may be 
done per site specific conditions.  Must have site specific justification 
to depart from the DM; i.e., you may not simply use calculations for a 
CSI on every job.   

• 100-year Polypropylene Pipe Service Life (Mario / Jon Sickels, ADS - 
45 min) (responses included) 

o Presentation: 

ADS Sickels - PP DSL 
- FDOT PAG 10-30-13 



o Jon Sickles from ADS discussed service life and testing of the 
Polypropylene Pipe (PP) 

 Tests similar to tests used on HDPE 

 PP higher stress crack resistance than HDPE 

o Mike Pluimer asked why PP pipe was not removed from stress cracking 
requirements since it is known it isn’t an issue.  FDOT was being 
deliberately conservative so the test was done. 

o Would PP and HDPE start deflecting at same point?  Jon said yes as long 
as both were at yield point.  But the PP would not deflect as much as 
HDPE.   

o Bill Burnette asked if all pipe sizes/profiles were tested. Yes 

o Rick added PP less likely to crack than HDPE but is more susceptible to 
oxidation than HDPE. 

o Rick gave update on acceptance of PP, that the ADS proposal was under 
review, and that comments were welcome from the PAG. 

• Research Updates (responses included) 
o Flexible Pipe Time Dependent Creep (Rick Renna / Dr. Crowley - 45 min) 

• Presentation: 

soil_box_PAG.pdf

 
• Dr. Raf Crowley gave an update and background to the research project on 

flexible pipe time dependent creep.   

• Early target deflection (to avoid > 5% long term deflection) determined to be 
3.5% by SGH using numerical modeling. 

• Was 24 hrs of data used to develop the lifetime results for the pipe?  Yes.   

• Question was asked whether another phase to the research project would be 
conducted, specifically with the resulting computer mode.  Not right now.   

• Dr Crowley said that the soil had a lot more to do with the deflection results 
than the actual pipe. 

• In the field application, would a pipe be required to be pulled out and replaced 
once the 3.5% limited was met in early inspection? No, it would more than 
likely be left up to the contractor to take the chance.  5% is the final 
threshold.   

  



o RCP Corrosion Cell (Mario Paredes - 30 min)  
 Presentation: 

Reinforced Concrete 
Pipe PAG Presentation   

 Service Life equation was discussed by Mario. 
 He discussed the empirical formula used for service life and findings of concrete 

pipe from the field and lab. Research of pipe in high chloride environments 
suggest that pipe is corroding but there are no significant cracks.  Cover is not as 
critical because service life is not diffusion based.  He broke down some service 
life calculations with various concrete covers in the pipe walls. 

 What if pipe already cracked and then corrosion of reinforcing steel takes place?  
Mario answered that it depends on environment and soil cover as to 
whether the pipe will last for the intended service life. The role of cracks is 
still under investigation but the data suggest that once the soil is properly 
compacted and the pipe is under water, the steel plays no role structural or 
durability wise.  

 What percent of corrosion do we depend on for service life in concrete pipes? 
We do not have a number. Once the model is identified, we will see if any 
corrosion is acceptable. However, it is doubtful we would depend on 
certain percentage.     

 Is maintenance giving us data on old pipes?  Not as much as we want but 
Mario is working with them to get more data.  He has requested that 
concrete pipe removal be inspected and recorded for analysis. 

• Yesterday’s Meeting with Video Pipe Inspection Industry (Larry Ritchie 
- 30 min) (responses included) 

o Larry gave a recap of the meeting yesterday.   
o FDOT is further along in the use and refinement of video inspection than 

anyone else nationally. 
o He talked about some of the consultants doing sample testing of the 

“Gauntlet” for accuracy.   
o He explained that this process will certify inspectors. 
o Change in pipe type, PVC, concrete, HDPE, and metal within the Gauntlet 

has caused problems.   
• FDOT wants more consistency in reports. 

• Someone asked about the calibration of the equipment.  Larry explained 
that the gauntlet has known issues that must be noted and described 
(size and location of holes and deflection, etc).   



• Tour of Pipe Video Inspection Circuit, aka, “The Gauntlet” (Larry – 30 
min) (outside) 

o Some of the attendees went out to look at the gauntlet.  
o Larry explained that they may bury the pipe runs but limited space is the 

issue.   
o Larry explained that the runs need to be 100 ft to allow for an appropriate 

test length for the inspection devices.    
o Some suggestions were made including burying the pipes, and alternating 

the pipe type per certification period.  Maybe have 4 options and draw a 
pipe type out of the hat when the consultant shows up for certification to 
make sure that they have to make the appropriate adjustments to the 
devices on site for each pipe type.    
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Presentation Outline


I. History / Background


II FDOT HDPE 100-Year DSLII. FDOT HDPE 100 Year DSL 
Test Protocol Specifications


III. Technical Justification for 
the Predicting Long Termthe Predicting Long-Term 
Service Life of PP pipe


IV. Testing for ADS/Hancor PP 
Pipe







FDOT 100-Year DSL Test Protocol


FDOT Standard Specification 948-2


• Class II HDPE 
• 100-Year DSL
• Meet the requirements of AASHTO 


M294 Plus:
St C k R i t T ti– Stress Crack Resistance Testing


– Oxidation Resistance Testing







FDOT 100-Year DSL Test Protocol


Stress Crack 
Resistance 


(SCR)
• Pipe Liner Test
• NCLS test on pipe 


liner &/or corrugation
RPM tests on• RPM tests on 
corrugation junction,  
and mold 
seams/vent tubes







FDOT 100-Year DSL Test Protocol


Oxidation Resistance


• OIT Test for finished pipe samples for each diameter in water bath
Incubated finished pipe samples of each diameter for 265 days at 80oC• Incubated finished pipe samples of each diameter for 265 days at 80oC 
and 250 psi stress simulating 100-years of “aging”


• OIT on incubated samples to verify anti-oxidant still present 
• Melt index test to verify that the material has not begun degradation• Melt index test to verify that the material has not begun degradation 


(<20% change)







PP - Technical Justification for 100-Year DSL


Primary Components for 
Prediction of PP Pipe Service Life


Material
• Utilize existing HDPE test methods for PP


p


Utilize existing HDPE test methods for PP
• Oxidation Resistance


– Assure adequate anti-oxidant in pipe to prevent 
environmental degradationenvironmental degradation


• Stress Crack Resistance – Confirmation of stress 
crack resistance of PP.


– PP has substantially higher stress crack resistance;PP has substantially higher stress crack resistance; 
confirmation of higher stress crack resistance is required.  







PP – Oxidation Resistance Testing


Oxidation mechanics of PP and HDPE are similar







PP - Oxidation Resistance Testing


Utilize existing FDOT HDPE Oxidation Resistance Protocol 
to calculate rate of the reaction and required test timeto calculate rate of the reaction and required test time


• use accelerated oxidation testing in a water environment
• use Arrenhius Equation to calculate Test Time• use Arrenhius Equation to calculate Test Time







Oxidation Testing Duration Calculations for PP


Arrenhius Equation


where:
R t OIT d l ti tRate = OIT depletion rate
E = Activation energy of the antioxidant depletion reaction (kJ/mol) – 70 KJ/mol
R = gas constant (8.31 J/mol.K)
T = test temperature in absolute Kelvin (degrees K)
A = constant







Comparison of Test Conditions for PP and HDPE


A ti ti E T t Ti @ 85oCActivation Energy 
(KJ/mol)


Test Time @ 85oC 
(days)


HDPE 75 186


PP 70 265







PP Stress Crack Resistance Testing


PP has higher stress crack resistance than HDPE
• FM5-572 Procedure B Junction testing is 


not possible since junction specimens will 
not fail.


• Utilize FM5-572 Procedure A Liner testing 
for confirmation of stress crack resistance.







Comparison of  FM5-572 Test Conditions for PP 
and HDPE


FM5-572 Procedure A Test 
Time


The average failure time of 
the pipe liner shall be greater


HDPE


the pipe liner shall be greater 
than or equal to 18 hours, no 
single test specimen’s failure 


time shall be less than 13 
hours


The average failure time of 
the pipe liner shall be greater 
than or equal to 100 hoursPP than or equal to 100 hours, 
no single test specimen’s 


failure time shall be less than 
71 hours







PP Oxidation Resistance Testing 
Requirements


Oxidation Resistance Testing Requirements


Pipe Location Test Method Test Conditions Requirement
Inner Wall (liner) 


d/ C
OIT Test (ASTM 


D3895)
2 replicates (to 


d t i i iti l OIT
25.0 minutes, 


i iand/or Crown D3895) determine initial OIT 
value) on the as 


manufactured (not 
incubated) pipe


minimum


Inner Wall (liner) Incubation test FM5- Three samples for Average of 3 0Inner Wall (liner) 
and/or Crown


Incubation test FM5-
574 and OIT test 
(ASTM D3895)


Three samples for 
incubation of 264 
days at 85oC, 192 
days at 90oC.  One 
OIT test per each 


Average of 3.0 
minutes (no values 


shall be less than 2.0 
minutes)


sample.
Inner Wall (liner) 


and/or Crown
MFR test (ASTM 


D1238 at 230oC/2.16 
Kg)


2 replicates on the 
as manufactured 


(not incubated) pipe.


<1.5g/10 minutes


Inner Wall (liner) 
and/or Crown


Incubation test FM5-
574 and MFR test 
(ASTM D1238 at 
230oC/2.16 Kg)


2 replicates on the 
three aged samples 
after incubation of 
264 days at 85oC, 


192 days at 90oC, or


MFR Retained Value 
shall be greater than 
80% and less than 


120%1,2,3


192 days at 90 C, or 
140 days at 95oC.







PP Stress Crack Resistance Testing 
Requirements


Pipe Location Test Method Test Conditions Requirement


I W ll (li ) FM5 572 P d A 10% i l l ti t Th f ilInner Wall (liner) FM5-572, Procedure A 10% igepal solution at 
50oC and 600 psi 


stress, 5 replicates


The average failure 
time of the pipe liner 


shall be greater than or 
equal to 100 hours, no 
single test specimen’s g p


failure time shall be 
less than 71 hours.  If 


due to sample size this 
test cannot be 


completed on the linercompleted on the liner 
then testing shall be 


conducted on a molded 
plaque sample.  If test 


time exceeds 100 
hours then sample can 


be removed without 
failure.







FDOT Standard Specification Section 948-7







QUESTIONS?


Thank You!Thank You!
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Overview of Contech’s Proposal to Florida DOT for: 
Approval of DuroMaxx® Steel Reinforced 
Polyethylene Pipe for 100-Year Culvert 


Service Life Applications 
Public Distribution Version* 


 
 
 
 


Presented by: 
Rodney G. Powers & Associates, LLC 


and: 
Darrell Sanders, P.E., Contech Engineered Solutions,  LLC 


 
Presented at FDOT Pipe Advisory Group Meeting, October 30, 2013 


*Market sensitive, proprietary information deleted from public distribution version. 
Revisions are shown in italics on slide numbers 1, 3, 6, 7, 23, 29, 32. Extra slide 
numbers 37-40 (not part of presentation) deleted.  
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1.  Introduction 
2.  Product Description 
3.  Design (AASHTO LRFD Section 12) 
4.  Materials and Manufacturing (AASHTO MP 20-10) 
5.  100-Year Materials Durability 
  -HDPE 
  -Steel Reinforcement 
6. Summary of Proposal 


 


Presentation Outline 
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Contech Proposal to FDOT: 
 Adoption of AASHTO MP 20-13 and ASTM F2562 for 


Steel Reinforced Polyethylene Pipe into FDOT Design 
Standards and Standard Specifications. 


  
 Approval of DuroMaxx® Steel Reinforced Polyethylene 


Pipe for highway drainage applications as follows: 
 
 100-Year service life without limitation on roadway type or 


application. 
 


 Market sensitive information removed 


Section 1, Introduction 


3 
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Product Description 


Section 2  


4 
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General Description 
 Steel reinforced polyethylene with smooth wall and exterior profile 


reinforced with galvanized steel ribs encased in polyethylene. 
 Continuous extrusion and helical winding process. 
 Continuous welded lap seam 
 Meets ASTM F2562 “Standard Specification for Steel Reinforced Pipe 


and Fittings for Non-pressure Drainage and Sewerage.” 
 Meets AASHTO MP 20-13, “Steel-Reinforced Polyethylene (PE) 


Ribbed Pipe…” 
 Designed to Manning’s “n” value of 0.012 


Section 2, Product Description 


5 
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Manufacturing Process 


Section 2, Product Description, cont’d 
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 Photos Deleted:    
1. Pipe profile extrusion 
2. Rib Placement 
3. Rib capping machine 
4. Profile winding 
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Manufacturing Process, cont’d 


Continuous Helical Welded Seam 


Section 2, Product Description, cont’d 
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 Photos deleted: 
1. Pipe Sizing/winding 
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 Joints 
 Bell and Spigot, gasketed 


and Steel Reinforced 
 
 Soil tight, tested to 3 psi* 
 
 Water tight, tested to 15 


psi* 
 
*when tested per ASTM D3212 


Section 2, Product Descriptionn, cont’d 
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Materials 
  
 High Density Polyethylene 


◦ Virgin material, stress rated 
◦ Cell Class (for pipe and fittings) 345464C per ASTM 


D3350 
  


 High Yield Galvanized Steel Reinforcement,  
 ASTM A653, 80 Ksi yield 


Section 2, Product Description, cont’d 


9 
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Design and Validation 
Section 3, 


10 
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Structural Design of DuroMaxx 
 Designed similarly  to Corrugated 


Steel Pipe 
 
 Follows AASHTO LRFD, Section 12 


◦ Ribs range from ~ 0.5” to 1” (similar to 
corrugated steel pipe (CSP) 


◦ Steel carries the applied loads. No 
contribution from HDPE  


 


 Design validated by Dr. Ian Moore, 
 Queens University, Ontario 


Section 3, Design and Validation 


11 
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 Scope of Design Validation Study: 
 


o Measure pipe performance under hoop compression up to the limits 
of the test equipment, 70 psi (480 kPa) 


 
o Measure pipe performance under biaxial compression up to 50 psi 


(350 kPa) overburden pressure 
 
o Modeling of the steel reinforced HDPE profile and comparison of 


results of the analysis to measured behavior 
 


o Finite element analysis to assess strain and stress distributions in 
the steel reinforced HDPE elements 


 
 Using the results ascertain adaptability of metal pipe design per 


AASHTO LRFD, Section 12 specifications 
 


Section 3, Design and Validation, cont’d 


12 
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Summary of Findings 
 
• Large-scale burial tests on 24” and 60” pipe confirm that 


structure deforms like conventional metal pipe 
 
• Stub compression tests on 24, 30, 48 and 60 inch diameter 


pipes confirm profile stability at required depths with sufficient 
factor of safety. 


 
• Level of strain measured in HDPE well within allowable limits 
 
• Results scalable across range of pipe diameters planned for 


this product (up to 120”) 
 


Section 3, Design and Validation, cont’d  


13 
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Application of Findings: Structural Design Checks to Establish 
Allowable Burial Depths per AASHTO LRFD Section 12 


Table 1, Demonstrated Allowable Cover Depths Based on AASHTO LRFD 
Section 12 Design Specifications and Design Computations 


Size Outside 
Diameter 


Minimum  
Cover 


Maximum Cover 


inch in. [mm] ft. m ft. m 


24 24.9 [632] 1 .305 50 15.2 


30 30.9 [785] 1 .305 50 15.2 


36 37.1 [942] 1 .305 50 15.2 


42 43.2 [1097] 1 .305 50 15.2 


48 49.5 [1257] 1 .305 30 9.1 


54 55.5 [1410] 1 .305 30 9.1 


60 61.4 [1560] 1 .305 30 9.1 


Section 3, Design and Validation, cont’d 
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100-Year Materials Durability 
-HDPE 
-Steel 


Section 4 


15 
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HDPE: 
 Testing on Representative Pipe Profiles by 


Independent Laboratories per FDOT Section 948 
including: 


 Stress-crack Resistance (SCR) 
 Oxidative Induction Time (OIT) Initial and Incubated 
 Melt Index (MI) Initial and Incubated 
 


 AASHTO MP 20-13 Testing 
 Stub Compression (all diameters) 
 Weld Tensile Strength 
 Test specimens authenticated by FDOT 


 


Section 4, 100-Year Materials Durability 


16 
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 Test Matrix- Florida DOT Section 948 Protocol (2013) and AASHTO MP 20-13  
 


Diameters- 
Inches 


FDOT Sec. 948 Tests AASHTO MP 20-13 Tests 


SCR OIT, Initial & 
Incubated 


Melt Index, 
Initial & 


Incubated 


Stub 
Compression 


Weld Tensile 
Strength 


Extrusion for 24 Diameter 


24 H H H T H 


Extrusion for 30-42 Inch Diameters 


30  H H H T H 


36 N/A N/A N/A T N/A 


42 N/A N/A N/A T N/A 


Extrusion for 48-60 Inch Diameters 


48 H H H T H 


54 N/A N/A N/A T N/A 


60 N/A N/A N/A T N/A 


H=Hauser Labs, T=Texas Research Institute 


Section 4, 100-Year Materials Durability, cont’d 
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Slow Crack Growth Resistance 
 Testing per FDOT Test Method FM 5-572, 


Procedure B (modified to reflect latest 
requirements for test conditions) 


 Type IV Samples, 3 sets, five replicates 
 Each sample captures pipe wall and wall/rib junction 


 Test Conditions 
 80 C/650 psi (minimum failure time =110 hrs.) 
 80 C/450 psi (minimum failure time =430 hrs.) 
 70 C/650 psi (minimum failure time =500 hrs.) 


 No failures 
o Tests terminated at 116, 457 and 570 hours, respectively 
 


 
 


Section 4, 100-Year Materials Durability, cont’d 
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SCR  Typical Predicted Time to Failure, all Diameters  


Section 4, 100-Year Materials Durability, cont’d 
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Oxidative Induction (OIT) Time and Melt 
Index (MI) Initial and Incubated 


 OIT Tested per FDOT Test Method FM 574, Procedure A 
 MI Tested per ASTM D1238-10 
 One set, three replicates 
 Samples taken in helical pattern 
 Initial OIT and MI on non-incubated samples 


 
 Incubation/Test Conditions for OIT and MI 
 85 C/250 psi, 265 days (modified in anticipation of 


specification change) Specification at time of testing was 
 80 C/250 psi, 195 days 
 


Section 4, 100-Year Materials Durability, cont’d 
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OIT and MI Test Results 
Diameter, 


Inches 
Initial OIT, Time, 


Minutes 
Incubated OIT, 


Time, 
Minutes 


Melt Index, 
% Retained 


24 100.44 2.18 100.4 


30 97.5 2.59 98.9 


48 108.83 3.09 98.9 


Specification1 ≥25 3 ± 11 80-120 


1Specification at time tests initiated: Incubated OIT 80°C/250 psi, 195 
days, OIT 3±1 minute. Tests run to anticipated specification change to 
80°C/250 psi, 265 days, OIT 3.0 minutes average, no values less than 2 
minutes. 
 
OIT Test method is suspect and is currently under review by FDOT. 
AO stability is demonstrated sufficient by MI and SCR test results. 


 


Section 4, 100-Year Materials Stability, cont’d  
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100-Year Materials Durability- Steel 
Section 4, cont’d 


22 
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Conservative Environmental Usage Parameters 
 


Proposed: 
 100-Year service life without limitation on roadway type or 


application 
 


 
 Market sensitive information removed 


Section 4, 100-Year Materials Durability, cont’d 
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Approach to Environmental Usage Parameters 
 
 Laboratory study to determine “worst-case” 
 corrosion rates of steel reinforcing ribs in water 


solutions of varying corrosiveness. 
 
 Conservative consideration of known corrosion 


mitigation factors. 
 
 Focus on conservation of Design Safety Factor 
 
 Conservative application of corrosion fundamentals. 


 
 


 


Section 4, 100-Year Materials Durability, cont’d 
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 Laboratory Study  
 
 Conducted by: Dr. Francisco Presuel-Moreno, PhD,  
 Florida Atlantic University (FAU) 
 
 Project Technical Advisor: William H. Hartt, PhD, P.E., 
  Professor/Director, College of Ocean Eng., FAU (Retired) 
 
 Sponsored by: Contech Construction Products, Inc. 
 
 Managed by: Rodney G. Powers, RGPA, LLC 
 
 Duration: Nine Months 


Section 4, 100-Year Materials Durability, cont’d 
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Pipe Sample Types Evaluated (Note damage on Ribs) 
 
    4-Rib, 72 Inch Diameter   8-Rib, 24” Diameter 


Section 4, 100-Year Materials Durability, cont’d 
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Liquid Exposure Media of Interest 


Solution Resistivity, OHM-CM 


Ca(OH)2 1,000 


Ca(OH)2 10,000 


Ca(OH)2 14,000 


NaCl, 30 ppm 10,000 


Section 4, 100-Year Materials Durability, cont’d 
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 Proposed Usage Parameters are Based on “Worst 
Case” Corrosion Rates 


 
 
“Worst-Case” Exposure Conditions: 
 Damage introduced on outer edge of rib encasement, unrepaired 
 Samples partially submerged in liquid solutions (damaged area 


submerged) 
 Liquid solutions normally aerated, room temperature 68 F 2 


Testing and Evaluation: 
 Half-cell potential evolution 
 Corrosion rate (polarization resistance) measurements using electrical 


impedance spectroscopy (EIS) 
 Corrosion considered to be confined to the immediate area of damage 


and to progress linearly with time across depth of rib. 
 From corrosion rates, determinations were made of time to 10, 20 


and 50 percent loss of rib section for each solution>>>>> 


 


Section 4, 100-Year Materials Durability, cont’d 
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“Worst-Case” Computed time to 50% Localized Rib Section Loss Based on Average 
Corrosion Rates of 24 and 72 Inch Diameter Pipes1, Un-repaired Damage, Tested in Normally 


Aerated Aqueous Solutions at Florida Atlantic University1,2, 


 
Pipe Diameter  /Years 


Exposure 
Solution 


1,2Avg. 
Corr. 
In/yr. 


 
24 


 
30 


 
36 


 
42 


 
48 


 
54 


 
60  


 
72 


Ca(OH)2 
1-Kohm-
cm 


Market sensitive, proprietary data removed. 
 
Summary of data: 
Corrosion rates observed in FAU laboratory testing resulted in computations of 
metal loss rate that demonstrate steel reinforcing ribs amply satisfy 100-year 
DSL when pipe damage is un-repaired and without the application of corrosion 
mitigation considerations. 


Ca(OH)2 
10-Kohm-
cm 
Ca(OH)2 
14-Kohm-
cm 
~10 
Kohm-cm, 
NaCl - (30 
ppm Cl-) 
1Based on average corrosion rate of 24 & 72 inch diameters per FAU tests; all other diameters use 
average corrosion rate and actual rib heights.  2Assumes uniform metal loss beginning at the outer rib 
edge and progressing inward 


Section 4, 100-Year Materials Durability, cont’d 
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Section 4, 100-Year Materials Durability, cont’d 


30 


Mitigation of “Worst-Case” Corrosion Rates 
  Common Corrosion Mitigation Factors 
 
 Duplex Synergy : 1.5 to 2+ times the sum of the life of the 


combined protective features, e.g., zinc and polymer. 
 
 Long-term vs. short-term corrosion rates: short-term 


(laboratory) rates can be up to an order of magnitude higher 
than long-term rates. 


 
 Continuous environmental exposure conditions due to 


burial versus normally aerated conditions in laboratory 
study: Significant, possibly 50% or more reduction in 
corrosion rate on buried steel. 


More>>>>>> 
 







© 2013 Contech Engineered Solutions LLC 


Corrosion Mitigation Factors, cont’d 
 
 Assume Conservative Corrosion Mitigation Factors: 


 
 Duplex Synergy:    25% 
 S-Term vs. L-term:    10%  
 Burial Condition:    25% 
Total Corrosion Reduction   60% 
 
 For Illustration purposes, application of 60% reduction 


to corrosion rate observed in the laboratory, the 
projected time to 50% rib section loss appears as 
shown>>>>> 


 
 


Section 4, 100-Year Materials Durability, cont’d 
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Mitigated Computed time to 50% Localized Rib Section Loss Based on              
60% Reduction of Average Corrosion Rates of 24 and 72 Inch Diameter Pipes1,          
Un-repaired Damage, Tested in Normally Aerated Aqueous Solutions at FAU1,2, 


 
Pipe Diameter  /Years 


Exposure 
Solution 


1,2Avg. 
Corr. 
In/yr. 


 
243 


 
30 


 
36 


 
42 


 
48 


 
54 


 
60  


 
72 


Ca(OH)2 
1-Kohm-
cm 


Market sensitive, proprietary data removed. 
 
Summary of data: 
Application of corrosion mitigation factors to “Worst-Case” 
corrosion rates illustrate conservativeness of proposed usage 
parameters. Note that proposed usage parameters use 
“Worst-Case” (un-mitigated) corrosion rates reported in the 
FAU study. 


Ca(OH)2 
10-Kohm-
cm 
Ca(OH)2 
14-Kohm-
cm 
~10 
Kohm-cm, 
NaCl - (30 
ppm Cl-) 
1Based on average corrosion rate of 24 & 72 inch diameters per FAU tests; all other diameters use 
average corrosion rate and actual rib heights.  2Assumes uniform metal loss beginning at the outer rib 
edge and progressing inward 


Section 4, 100-Year Materials Durability, cont’d 
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Summary of Conservative Features: 
 
 Worst case time to 50% localized rib loss typically 300 to 1000+ years, 


unrepaired 
 
 Mitigated time to 50% rib loss typically 600 to 2000+ years, unrepaired 
 
 Repair to HDPE likely to greatly enhance corrosion resistance 
 
 Florida shallow burial (Typ. <15 ft) results in enhanced design safety 


margin---Recall demonstrated allowable cover depths of 30 to 50 feet. 
 


 Proposed usage parameters  are extremely conservative 
and  are not dependent on repairs and mitigation factors   


Section 4, 100-Year Materials Durability, cont’d 
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Proposal Summary 
Section 5 
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Basis of Proposal: 


 Demonstrated design to AASHTO Sect.12 LRFD specs 
 
 Manufactured to AASHTO MP 20-13 and ASTM F2562  
 
 Demonstrated 100-Year HDPE durability to FDOT 


standards following Section 948 testing protocol for 
HDPE pipe 


 
 Demonstrated 100-Year steel reinforcement durability by 


independent (FL Atlantic Univ.) laboratory testing 


Section 5, Proposal Summary 
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Thank You !! 


Closing 
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State Materials Research ParkState Materials Research Park


• Welcome!Welcome!







Florida DOTFlorida DOT 


• Our MissionOur Mission
– To provide a safe transportation system that 
ensures the mobility of people and goodsensures the mobility of people and goods, 
enhances economic prosperity and preserves the 
quality of our environment and communities. 







How are we doing?How are we doing?


– Nevada and Florida each have the least amount–Nevada and Florida each have the least amount
2.2 percent–of structurally deficient bridges. ‐ See 
more at: 


– http://www.betterroads.com/66000‐u‐s‐bridges‐
classified‐as‐deficient‐in‐
2013/#sthash.nFgtv2m5.dpuf







How are we doing?How are we doing?







The Future?The Future?







FDOT and IndustryFDOT and Industry


• Partners in delivering the work programPartners in delivering the work program
• Bring the best materials to our projects


bj i d d i h• Use an objective data driven approach
• Provide clear and concise specifications

















LRFD Pipe LRFD Pipe 
Cover Heights


FDOT Pipe Advisory Group (PAG) 


October 30, 2013


Rick Jenkins, P.E.







OverviewOverview
 LRFD Implementation


 LRFD Data vs old  LRFD Data vs old 
FDOT Standard Index 
205


The Culvert Service  The Culvert Service 
Life Estimator (CSLE) 
2013 update







LRFD Implementation


 July 2013 Drainage Manual Appendix E
−Added “Old” FDOT Standard Index 205 


as Appendix E


 January 2014 Drainage 
Manual (Jan. 1, 2014) 
Appendix EAppendix E
−Replace “Old” FDOT 


Standard Index 205 in 
A di  E ith AASHTO Appendix E with AASHTO 
LRFD Cover Height Tables







Specific Changes to 
January 2014 Drainage y g
Manual Appendix E


 Minimum Pipe Cover Control Point


 Minimum Cover increased to prevent  Minimum Cover increased to prevent 
pipe placement within roadway base


 Minimum and Maximum Cover for Pipes







Pipe Cover Control Point


 Concrete Pipe Minimum Cover
Measured from top of pipe to top of −Measured from top of pipe to top of 
Flexible Pavement


−Measured from top of pipe to bottom 
of Rigid Pavement







Pipe Cover Control Point: 
ContinuedContinued


 Flexible Pipe Minimum Cover
−Measured from top of pipe to bottom 


of Flexible Pavement
−Measured from top of pipe to top of Measured from top of pipe to top of 


Rigid Pavement







LRFD Assumptions


 Soil Properties
D it   120 f−Density = 120 pcf


 Groundwater
Pipes above GWT− Pipes above GWT


 Pipe Trench Excavation
− Per FDOT Specification 125-4 4− Per FDOT Specification 125-4.4


 Pipe Trench Backfill
−Allowable soils, bedding, & compaction  Allowable soils, bedding, & compaction  


per FDOT Specification 125-8


 Pipesp
−Max. deflection = 5% Per FDOT SS 430 
−Max. strains per AASHTO







Concrete Pipe Min/Max Cover


 Minimum Cover reduced to 12” with 
Flexible Pavement and 9” with Rigid 
Pavement
− Formerly 7” below flexible pavt. base
− Formerly 9” below conc. pavt.







RCP Cl. II
Min / Max CoverMin / Max Cover


 Maximum Cover reduced and could 
result in a higher class of RCP being result in a higher class of RCP being 
required


Concrete Class II Pipe Size (in) vs Maximum 


17 17 17 17 17
16 16 16 16


15 15 15 1514 ft


16 ft


18 ft


Cover Height (ft)


12 12 12
11 11 11


10 10 10 10
9 9 9 9 9


8


14 14 14


6 ft


8 ft


10 ft


12 ft


ov
er


 H
ei


gh
t 


(f
t)


0 ft


2 ft


4 ft


6 ft


12 in 15 in 18 in 24 in 30 in 36 in 42 in 48 in 54 in 60 in 66 in 72 in 78 in 84 in 90 in 96 in


C
o


12 in 15 in 18 in 24 in 30 in 36 in 42 in 48 in 54 in 60 in 66 in 72 in 78 in 84 in 90 in 96 in
Concrete Class II Pipe Size (in)


LRFD Cover Height Standard 205 Cover Height


RR1


RR2
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RR1 consider using a background that will allow more horizontal room.  Thus, you can enlarge these types of graphs for visability.
Renna, Rick, 10/28/2013


RR2 If you state this rather than write it (or write it shorter), you will have more room for the chart.  This is an important chart.
Renna, Rick, 10/28/2013







RCP Cl. III 
Min / Max CoverMin / Max Cover


 Maximum Cover reduced and could 
result in a higher class of RCP being result in a higher class of RCP being 
required


Concrete Class III Pipe Size (in) vs Maximum 


2 2 2 2 2


25 ft


30 ft


Cover Height (ft)


17 17 17
16 16 16 16


15 15 15 15
14 14 14 14 14


24 24 24 24 24
22 22 22 22


21 21 21 21
20 20 20


15 ft


20 ft


ve
r 


H
ei


gh
t 


(f
t)


0 ft


5 ft


10 ftC
ov


12 in 15 in 18 in 24 in 30 in 36 in 42 in 48 in 54 in 60 in 66 in 72 in 78 in 84 in 90 in 96 in
Concrete Class III Pipe Size (in)


LRFD Cover Height Standard 205 Cover Height







Polyvinyl Chloride Pipe 
(PVC) Changes(PVC) Changes
 Maximum Cover was increased
− 17’ max cover in 


Standard Index 205
− 40’ plus max cover 40  plus max cover 


per new LRFD 
criteria


 Minimum Cover 
did not change 


h t llmuch at all


RR3
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RR3 Great slide!
Renna, Rick, 10/28/2013







Polyvinyl Chloride Pipe 
(PVC) Changes: Cont(PVC) Changes: Cont.


PVC Pipe Size (in) vs Max Cover Height (ft)


42


45


42 41 4140 ft


45 ft


50 ft


PVC Pipe Size (in) vs Max Cover Height (ft)


41 41 40 40
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PVC Pipe Size (in)


LRFD Cover Height Standard 205 Cover Height







Polyethylene (HDPE) PipePolyethylene (HDPE) Pipe
 HDPE Pipe very little 


change with min cover


 HDPE Pipe change to 
maximum cover


change with min cover


25 ft


HDPE Pipe Size (in) vs Max Cover Height (ft)
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HDPE Pipe Size (in)


LRFD Cover Height Standard 205 Cover Height







Polypropylene Pipe (PP)Polypropylene Pipe (PP)
 Corrugated Polypropylene Pipe (PP) has 


been added to Appendix Ebeen added to Appendix E
−Minimum is the same as HDPE and PVC
−Maximum Cover is comparable to the 


HDPE but less than PVC







Metal Pipe ChangesMetal Pipe Changes


 Some maximum covers  Some maximum covers 
are less than with 
Standard Index 205 


 Some minimum covers are less than with 
the 205 Standard Index 


A   lt f th  i i   b i  −As a result of the minimum cover being 
measured from bottom or top of 
pavement instead of the bottom of base







Pipes Not Allowed per LRFDPipes Not Allowed per LRFD


 Pipes NOT Allowed per LRFD 
that were allowed in the 
Standard 205


−Aluminum Round 2 2/3” x 1/2” > 54”
−Aluminum Round Spiral Rib > 66”
−Steel Round Spiral Rib 96”
−Aluminum Arch 2 2/3” x 1/2” > Equiv. 42”


Aluminum Arch 3” x 1” > Equiv  90”−Aluminum Arch 3” x 1” > Equiv. 90”
−Aluminum Arch Spiral Rib > Equiv. 66”
−Steel Arch 2 2/3” x 1/2” > Equiv. 60”Steel Arch 2 2/3  x 1/2   Equiv. 60







Culvert Service Life 
Estimator (CSLE)Estimator (CSLE)


 Used to check 
service life of 
Optional Pipes Optional Pipes 
and Jack and 
Bore Casings


 Updated to 
match new LRFD 
Data


RR4







Slide 17


RR4 This is an embarrassing picture for the metal pipe folks.  Might we use something else?
Renna, Rick, 10/28/2013







Culvert Service Life Estimator 
(CSLE) : Continued(CSLE) : Continued
 Updated/upgraded diagram and pipe 


material selection







Culvert Service Life Estimator 
(CSLE) : Continued(CSLE) : Continued
 Updated and fixed bugs with the Jack and 


Bore Casing Analysisg y







Questions/CommentsQuestions/Comments


 Rick Jenkins 
richard.jenkins@dot.state.fl.usrichard.jenkins@dot.state.fl.us








Francisco Presuel-Moreno, 
H. Balasubramanian, Y.-Y. Wu, B. Weber, B. Seo


Center for Marine Materials
Department of Ocean and Mechanical Engineering


Florida Atlantic University


Mario Paredes, PE
State Corrosion Engineer


Corrosion Research Laboratory
State Materials Office


Florida Department of Transportation


Research Conducted by











Consolidation Void


Steel Wire







Concrete Cover / Inch:
Type                     Z                      R
Average            1.24                 0.715
Stand. Dev.       0.29                 0.18
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Where:


C = Bags of cement per cubic yard


D = Concrete cover in inches


K = Chlorides in ppm


W = Percent Water in mix


S = Sulfates in ppm


41.41094.2
1022.4107.1


1000 3


1.14
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Concrete Cover (Inches)


100 ppm Cl


200 ppm Cl


300 ppm Cl


500 ppm Cl


700 ppm Cl
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1500 ppm Cl


Assumptions:
6 bags of cement
9% water
Sulfates < 1500
pH > 6







 Service life of RCP is not always diffusion based


 Corrosion rate would be limited if pipe is water 
saturated


 Corrosion rate would be very low underwater as 
there is limited oxygen


 If there is corrosion, the porosity can accommodate 
it without stresses that lead to cracking.







• Partially immersed in water


• Partially covered with water 
saturated sand


• Covered with water saturated sand


• Fully submerged in water







Corrosion spots have appeared within the reservoir
on some specimens, but no cracks


Immersed in Water Covered with Sand







• Potential measurements indicate active 
corrosion. In some cases to negative values 
indicative of limited oxygen availability (-600 to 
-750 mVsce)


• So far Corrosion rate proceeds at a high rate in 
all three conditions


• Oxygen concentration might be low but still 
high enough to allow for corrosion to proceed







Site 1: Dania Beach Marina  
• Age believed to be > 20 years
• Less than 100 yards from ocean. 
• Chlorides from salt spray and storm 


events
• Wet only during rain, but typically dry
• No cracks 


Cl- at rebar level ~ 7.5 kg/m3











Evidence that corrosion initiated at multiple sites.
Some sections corroded more than others


Significant cross section loss Corrosion initiated


Chlorides at the rebar trace and as function of depth TBD







Inspection suggest that
corrosion is taking place based 
on potential measurements


Site 2: Alton Road, Miami Beach







Pipe Type Average 


Porosity (%)


Average 


absorption


(%)


F 9.135 3.980


C 10.385 5.399


OPC RCP significantly  improved 
Dnss at 3 years vs. 28 day results
RCP  with fly ash Dnss as good as 
HPC wet concrete 


Data indicates still large porosity but 
disconnected. 







 Service life of RCP is not always diffusion based


 Corrosion rate would be limited if pipe is water 
saturated


 Corrosion rate would be very low underwater as 
there is limited oxygen


 If there is corrosion, the porosity can 
accommodate it without stresses that lead to 
cracking.







 Lots more field work
 Is there oxide build up or just metal dissolution?
 Where are the oxides going?
 Identify point at which oxide build up cracks 


pipe
 Instrument pipe to better understand behavior


 Laboratory experiments
 Characterize concrete at early ages
 Identify concentration of chlorides in 


environment that activates corrosion of the 
reinforcement












Florida Department of Transportation Pipe Advisory Group Meeting


October 30, 2013


Presented by: Raf Crowley, Ph.D., P.E.


University of North Florida


Department of Construction Management


Building 50, Room 2400


Jacksonville, FL 32224


r.crowley@unf.edu







 Pipe inspection in Florida


 Backfill reaches 3-feet above pipe crown


 After placement of stabilized subgrade


 Florida Department of Transportation (FDOT)


 Identify pipes at risk of exceeding 5% deflection 


tolerance – especially after early (30-day) inspection


 Pipe deflection caused by three mechanisms:


 Initial backfill


 Densification


 Creep







Soil Box Dimensions







Soil Box Side-View







Soil Box Loading Mechanism







Soil Box Loading Mechanism







Soil Box Pressure Regulators







Soil Box Laser System







Soil Box Pressure Cells







Soil Box Pressure Cells







Backfilled Soil Box







Pipe Connection for Soil Box







Pipe Connection for Soil Box







Soil Displacement Measurement







Pipe Ends







Pipe Pre-Deflection







Pipe Connection/Flexible Membrane System







Polyethylene Sheeting/Empty Soil Box







First Lift of Soil (Compacted)







Before After


Pipe Installation







Filling the Soil Box







Filling the Soil Box







Filled Soil Box







Loading Mechanisms on Soil Box







Deflection Measurements







Pressure 
Applied to 


Main 
Regulator 


(PSI)


Deflection 
Readings taken x 


hours after 
pressure is applied


0 1
5 1


10 1
15 1
20 1
25 1
30 1
35 1
40 1
45 1, 4, 8, 24
50 1
55 1
60 1
65 1
70 1
75 1
80 1
85 1
90 1, 4, 8, 24
95 1


100 1
105 1
110 1
115 1
120 1
125 1
130 1, 4, 8, 24







Pressure Adjustment











Lifting Trench Box







Trench Box in Soil Box







Removal of Trench Box







Trench Box Soil Voids







Soil Voids During Trench Box Testing







Example of Soil Void During Testing







Lift-Bag Failure Locations



















UF Computer Model (Developed Before Box was Built)







Simpson-Gumpertz and Heger Computer Model







 Creep appears to cause very little deflection 
(approximately 0.5%).


 Densification is more difficult to quantify.


 Interim guidelines were set at 3.5% by SGH







Typical Density Variations During Soil Box Test (HDPE Pipe 
Test, 60 psi bag pressure, Colorbar is in psi)







UF Sophisticated Computer Model - Spiraled







UF Sophisticated Computer Model – No Spiral







 Soil Box appears to effectively simulate 
overburden stress.


 To match to a computer, more sophisticated 
analysis required.


 A full-blown computer analysis may be 
unnecessary as data return from the field from 
pipes installed based upon interim guidelines.





