Florida DOT Pipe Advisory Group

Meeting Notes
October 30, 2013, 10 am - 4 pm, SMO

¢ Introductions / Sign in / Meeting Overview (Rick Renna — 5 min)

0 Attendee list:

PAG 10-30-13 Sign
In Sheet

e Welcome from the Chief Engineer (Tom Byron - 10 min)
o Tim Ruelke welcomed the PAG in the stead of Tom Byron.

0 Presentation:

i

Opening Remarks -
PAG 10-30-13.pdf

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

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

o Presentation:

7 v
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.

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

o Presentation:

7

PAG 2013 LRFD.pdf

o0 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
CSl on every job.

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

0 Presentation:

o haabe
ADS Sickels - PP DSL
- FDOT PAG 10-30-12




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.

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

e Presentation:

i

soil_box_PAG.pdf

e Dr. Raf Crowley gave an update and background to the research project on
flexible pipe time dependent creep.

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

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

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

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

e 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.



0 RCP Corrosion Cell (Mario Paredes - 30 min)

Presentation:

< ot
Reinforced Concrete
Pipe PAG Presentatior

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.

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

Larry gave a recap of the meeting yesterday.

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.

He explained that this process will certify inspectors.

o Change in pipe type, PVC, concrete, HDPE, and metal within the Gauntlet
has caused problems.

e FDOT wants more consistency in reports.

e 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).



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

O
O

)

0

Some of the attendees went out to look at the gauntlet.

Larry explained that they may bury the pipe runs but limited space is the
issue.

Larry explained that the runs need to be 100 ft to allow for an appropriate
test length for the inspection devices.

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.




Florida DOT
100-Year Design Service Life Testing for PP Pipe

October 30, 2013

Jon Sickels
Advanced Drainage Systems, Inc.
National Engineering and Applications Manager
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Presentation Outline

. History / Background

1. FDOT HDPE 100-Year DSL
Test Protocol Specifications

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

V. Testing for ADS/Hancor PP
Pipe






FDOT 100-Year DSL Test Protocol

FDOT Standard Specification 948-2

e Class Il HDPE
e 100-Year DSL

* Meet the requirements of AASHTO
M294 Plus:
— Stress Crack Resistance Testing
— Oxidation Resistance Testing






FDOT 100-Year DSL Test Protocol

Stress Crack
Resistance
(SCR)
e Pipe Liner Test

« NCLS test on pipe
liner &/or corrugation

RPM tests on
corrugation junction,
and mold
seams/vent tubes

Table 1

Pipe Location

Test Method

Test Conditions

Requirement

Pipe Liner

FM 5-572, Procedure

10% Igepal solution at 122°F
and 600 psi applied stress, 5

Average failure time of the
pipe liner shall be >18

A replicates hours, no single value shall
P be less than 13 hours.
Pipe 10% Igepal solution at 122°F Al;'::lfig: lt;?)ﬁ?se;;n;?nslizll
Corrugation’, ASTM F-2136 and 600 psi applied stress, 5 value shall be iess thai 17
(molded plaque) replicates
hours.
Determine failure time at
500 psi at 73.4°F = 100
23, years (95% lower
Test terri)fia?ue;é 1%6°F and confidence) using 15 failure
. , A4
applied stresses of 650 and tme xalues‘. .
450 psi. Test temperature The tests for ea;h condition
- 158°F and applied stress of can be terminated at
Junction FM 5-572, Procedure 650 psi- 5 replicates at each duration equal to or greater
B and FM 5-573 p gest cgndition than the following criteria:
110 hr at 176°F 650psi
430 hr at 176°F 450 psi
500 hr at 158°F 650 psi
- 3.
Single Test": o The average failure time
Test temperature 176°F and
applied stress of 650 psi.; 5 must be equal to or greater
PP replicates v than 110 hr
Determine failure time at
500 psi at 73.4°F > 100
Full Test™: years (95% lower
Test temperature 176°F and |confidence) using 15 failure
applied stresses of 650 and time values®.
450 psi. The tests for each condition
Test temperature 158°F at can be terminated at
Longitudinal [FM 5-572, Procedure| applied stress of 650 psi; 5 | duration equal to or greater
Profiles® C, and FM 5-573 replicates at each test than the following criteria:

condition

110 hr at 176°F 650psi
430 hr at 176°F 450 psi
500 hr at 158°F 650 psi

Single Test’:
Test temperature 176°F and
applied stress of 650 psi.; 5
replicates

The average failure time
must be equal to or greater
than 110 hr






T 100-Year DSL Test Protocol

AT Ll e
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 80°C
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
(<20% change)

Oxidation Resistance of Pipes

Pipe Location Test Method Test Conditions Requirement
2 replicates (to determine
Liner and/or OIT Test initial OIT value) on the as 75 0 minutes. minimum
Crown'” (ASTM D3895) manufactured (not incubated) ' -
pipe.
I iner and/or Incubation test Télg Zzzaglzil:ztt?; éﬂ;%?zign Average of 3.0 minutes”

%) FM 5-574 and OIT (no values shall be less than

Crown applied stress of 250 psi. One

test (ASTM D3895) OIT test per cach sample 2.0 minutes)
I iner and/or MI test 2 replicates on the as
7 (ASTM D1238 at manufactured (not incubated) < 0.4 g/10 minutes

Crown

190°C/2.16Kg) pipe.






PP - Technical Justification for 100-Year DSL

Primary Components for
Prediction of PP Pipe Service Life

Material
o Ultilize existing HDPE test methods for PP

 Oxidation Resistance
— Assure adequate anti-oxidant in pipe to prevent
environmental degradation

« Stress Crack Resistance — Confirmation of stress
crack resistance of PP.

— PP has substantially higher stress crack resistance;
confirmation of higher stress crack resistance is required.
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PP — Oxidation Resistance Testing

Oxidation mechanics of PP and HDPE are similar

A = depletion time of . + B C
antioxidants = " e >
T 100 . + Unstabilized
B = induction time to onset b : ! Polyproplyene
of polymer degradation s : i
@ ; :
C = time to reach 50% drop T 50 >
of a matenal property E :
3 = i
o ! »
= 10 : | Stabilized
E | {Polypropylene
g Antioxidants E E E
g 50 < - .
o ! ; :
& Critical : ! !
= e f i
o QT X i ¥ .

F 3

tiire ] _
Aging Time (log)
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PP - Oxidation Resistance Testing

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

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

[TYFYIYZ
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Oxidation Testing Duration Calculations for PP

Arrenhius Equation

Rate = — = A * exp (ﬁ)

time

where:

Rate = 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
876000hr _E ( ] ] J
—— =¢exp - -
t | R \85+273K 23+273K
876000hr [ —70000J/mol ] ]
————=exp _ - — Eq. 1.0
| 8.341J/mol — K\ 85+ 273K 23+ 273K

t= 6357hr(265 days)
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Comparison of Test Conditions for PP and HDPE

Activation Energy | Test Time @ 85°C
(KJ/mol) (days)
HDPE 75 186
PP 70 265

[TYFYIYZ
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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.

corrugation
removed
w
Circumferential T = Thickness
a = Notch
outer liner )
surface
inner lin
Longltud inal






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
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 hours,
no single test specimen’s
failure time shall be less than
71 hours

HDPE

PP

[TYFYIYZ
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PP Oxidation Resistance Testing

Requirements
Pipe Location Test Method Test Conditions Requirement
Inner Wall (liner) OIT Test (ASTM 2 replicates (to 25.0 minutes,
and/or Crown D3895) determine initial OIT minimum

value) on the as
manufactured (not
incubated) pipe

Inner Wall (liner) [Incubation test FM5-| Three samples for Average of 3.0

and/or Crown 574 and OIT test incubation of 264 | minutes (no values
(ASTM D3895) days at 85°C, 192 hall be less than 2.0
days at 90°C. One minutes)
OIT test per each
sample.

Inner Wall (liner) MFR test (ASTM | 2 replicates on the | <1.5¢g/10 minutes
and/or Crown  [D1238 at 230°C/2.16| as manufactured

Kg) (not incubated) pipe.
Inner Wall (liner) |[Incubation test FM5-| 2 replicates on the [MFR Retained Value
and/or Crown 574 and MFR test |three aged samples [shall be greater than
(ASTM D1238 at | after incubation of | 80% and less than
230°C/2.16 Kg) 264 days at 85°C, 120%123
192 days at 90°C, or
140 days at 95°C.
LML
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PP Stress Crack Resistance Testing

Requirements

Pipe Location

Test Method

Test Conditions

Requirement

Inner Wall (liner)

FM5-572, Procedure A

10% igepal solution at
50°C 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
failure time shall be
less than 71 hours. If
due to sample size this
test cannot be
completed 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.
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FDOT Standard Specification Section 948-7

948-7 Profile Wall Polypropylene (PP) Pipe.

PP pipe (12 inches to 60 inches) for side drain, cross drain, storm drain, and other
specified applications shall meet the requirements of AASHTO MP21-11. Mitered end sections
are not to be constructed of polypropylene. Use only concrete or metal mitered end sections as
indicated 1n the Design Standards.

All pipe produced and shipped to the job site shall meet the requirements of 105-3.2. The
manufacturer shall demonstrate that resin oxidation resistance will last using accelerated aging
by use of incubation tests in accordance with FM 5-574. Tests shall demonstrate that
stabilization package 1s present and that no degradation has occurred.

[TYFYIYZ
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QUESTIONS?

Thank You!

[TYFYIYZ
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K4

ENGINEERED SOLUTIONS

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.

© 2013 Contech Engineered Solutions LLC 1





Presentation Outline CsNTECH

ENGINEERED SOLUTIONS

Introduction
Product Description
Design (AASHTO LRFD Section 12)
Materials and Manufacturing (AASHTO MP 20- 10)
100-Year Materials Durability T
-HDPE
-Steel Reinforcement
6. Summary of Proposal

A e i

© 2013 Contech Engineered Solutions LLC 2





Section 1, Introduction C-sNTECH

ENGINEERED SOLUTIONS

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

© 2013 Contech Engineered Solutions LLC 3
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ENGINEERED SOLUTIONS

Section 2

Product Description

© 2013 Contech Engineered Solutions LLC 4





Section 2, Product Description CsNTECH

ENGINEERED SOLUTIONS

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

© 2013 Contech Engineered Solutions LLC 5





Section 2, Product Description, cont’d CsNTECH

ENGINEERED SOLUTIONS

Manufacturing Process

» Photos Deleted:
1. Pipe profile extrusion
2. Rib Placement
3. Rib capping machine
4. Profile winding

© 2013 Contech Engineered Solutions LLC 6





Section 2, Product Description, cont’d CsNTECH

ENGINEERED SOLUTIONS

Manufacturing Process, cont’d

Continuous Helical Welded Seam

» Photos deleted:
1. Pipe Sizing/winding

© 2013 Contech Engineered Solutions LLC 7
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Section 2, Product Descriptionn, cont’d C“NTECH

ENGINEERED SOLUTIONS

> Joints

= Bell and Spigot, gasketed
and Steel Reinforced

= Soll tight, tested to 3 psi*

= Water tight, tested to 15
pSI*

*when tested per ASTM D3212

© 2013 Contech Engineered Solutions LLC 8





Section 2, Product Description, cont’d CsNTECH

ENGINEERED SOLUTIONS

Materials

= High Density Polyethylene
o Virgin material, stress rated

o Cell Class (for pipe and fittings) 345464C per ASTM
D3350

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

© 2013 Contech Engineered Solutions LLC 9
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ENGINEERED SOLUTIONS

Section 3,

Design and Validation

© 2013 Contech Engineered Solutions LLC 10





Section 3, Design and Validation C:NTECH

ENGINEERED SOLUTIONS

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)

o Steel carries the applied loads. No
contribution from HDPE

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

© 2013 Contech Engineered Solutions LLC 11





Section 3, Design and Validation, cont’d CsNTECH

ENGINEERED SOLUTIONS

» Scope of Design Validation Study:

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

0 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

© 2013 Contech Engineered Solutions LLC 12





Section 3, Design and Validation, cont’d CsNTECH

ENGINEERED SOLUTIONS

Summary of Findings

o Large-scale burial tests on 24” and 60” pipe confirm that
structure deforms like conventional metal pipe

o 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 1207)

© 2013 Contech Engineered Solutions LLC 13





Section 3, Design and Validation, cont’d C“NTECH

ENGINEERED SOLUTIONS

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 Minimum Maximum Cover
Diameter 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] i .305 30 9.1

60 61.4 [1560] 1 .305 30 9.1

© 2013 Contech Engineered Solutions LLC 14
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ENGINEERED SOLUTIONS

Section 4

100-Year Materials Durability
-HDPE
-Steel

© 2013 Contec h Engineere d Solutions LLC 15





Section 4, 100-Year Materials Durability CsNTECH

ENGINEERED SOLUTIONS

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

© 2013 Contec h Engineere d Solutions LLC





Section 4, 100-Year Materials Durability, contd ~ GwNTECH

ENGINEERED SOLUTIONS

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

FDOT Sec. 948 Tests AASHTO MP 20-13 Tests
Diameters- - _
R SCR OIT, Initial & Melt Index, Stub Weld Tensile
Incubated Initial & Compression Strength
Incubated
Extrusion for 24 Diameter
24 H H H T H
Extrusion for 30-42 Inch Diameters
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

© 2013 Contech Engineered Solutions LLC 17





Section 4, 100-Year Materials Durability, contd ~ GwNTECH

ENGINEERED SOLUTIONS

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

v' 80 C/650 psi (minimum failure time =110 hrs.)
v' 80 C/450 psi (minimum failure time =430 hrs.)
v' 70 C/650 psi (minimum failure time =500 hrs.)

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

© 2013 Contech Engineered Solutions LLC 18





Section 4, 100-Year Materials Durability, contd ~ CwNTECH

ENGINEERED SOLUTIONS

SCR Typical Predicted Time to Failure, all Diameters

= G5,

3'4 | q"\& —

i 22 ™~ N
A ENEN N "
2.8 \‘\- & 80C

24
22 1
] 2 4 i g
log f ihouns)

Resule: -]
Predicted Faalure Tome of 23°C at 500psi1z 118749600 hours eor 13356 vyears ]
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Section 4, 100-Year Materials Durability, contd ~ GwNTECH

ENGINEERED SOLUTIONS

Oxidative Induction (OIT) Time and Melt
Index (MI) Initial and Incubated

» OIT Tested per FDOT Test Method FM 574, Procedure A
» Ml Tested per ASTM D1238-10

= One set, three replicates

» Samples taken in helical pattern

= [nitial 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

© 2013 Contech Engineered Solutions LLC 20





Section 4, 100-Year Materials Stability, cont'd CsNTECH

ENGINEERED SOLUTIONS

OIT and Ml Test Results

Diameter, Initial OIT, Time, Incubated OIT, Melt Index,
Inches Minutes Time, % Retained
Minutes
24 100.44 2.18 100.4
30 97.5 2.59 98.9
108.83 3.09 98.9

> 1Specification at time tests initiated: Incubated OIT 80°C/250 psi, 195
days, OIT 31 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.

© 2013 Contech Engineered Solutions LLC 21
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ENGINEERED SOLUTIONS

Section 4, cont’d

100-Year Materials Durability- Steel

© 2013 Contec h Engineere d Solutions LLC





Section 4, 100-Year Materials Durability, contd ~ GwNTECH

ENGINEERED SOLUTIONS

Conservative Environmental Usage Parameters

Proposed:

» 100-Year service life without limitation on roadway type or
application

» Market sensitive information removed

© 2013 Contech Engineered Solutions LLC 23





Section 4, 100-Year Materials Durability, contd ~ GCwNTECH

ENGINEERED SOLUTIONS

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.

© 2013 Contech Engineered Solutions LLC 24





Section 4, 100-Year Materials Durability, contd ~ GCwNTECH

ENGINEERED SOLUTIONS

» 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

© 2013 Contech Engineered Solutions LLC 25





Section 4, 100-Year Materials Durability, contd ~ CwNTECH

ENGINEERED SOLUTIONS

Pipe Sample Types Evaluated (Note damage on Ribs)

4-Rib, 72 Inch Diameter 8-Rib, 24” Diameter

© 2013 Contech Engineered Solutions LLC 26





Section 4, 100-Year Materials Durability, contd ~ GCwNTECH

ENGINEERED SOLUTIONS

Liquid Exposure Media of Interest

Resistivity, OHM-CM

Ca(OH)2 1,000
Ca(OH)2 10,000
Ca(OH)2 14,000

NaCl, 30 ppm 10,000

© 2013 Contech Engineered Solutions LLC 27





Section 4, 100-Year Materials Durability, cont'd CsNTECH

ENGINEERED SOLUTIONS

» 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>>>>>

© 2013 Contech Engineered Solutions LLC 28





Section 4, 100-Year Materials Durability, cont'd C:NTECH

ENGINEERED SOLUTIONS

Computed time to 50% Localized Rib Section Loss Based on Average
Corrosion Rates of 24 and 72 Inch Diameter Pipes?, Un-repaired Damage, Tested in Normally
Aerated Aqueous Solutions at Florida Atlantic Universityt?2

Pipe Diameter /Years

Exposure
Solution

371(0:)2 Market sensitive, proprietary data removed.
-Kohm-

cm
Nkl Summary of data:

10-Kohm-
cm Corrosion rates observed in FAU laboratory testing resulted in computations of

fjf“h)z metal loss rate that demonstrate steel reinforcing ribs amply satisfy 100-year
- O m_

cm DSL when pipe damage is un-repaired and without the application of corrosion

~10 mitigation considerations.
Kohm-cm,

NacCl - (30

ppm CI-)

'Based 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
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Section 4, 100-Year Materials Durability, cont'd CsNTECH

ENGINEERED SOLUTIONS

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 30





Section 4, 100-Year Materials Durability, contd ~ GCwNTECH

ENGINEERED SOLUTIONS

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 lllustration purposes, application of 60% reduction
to corrosion rate observed in the laboratory, the
projected time to 50% rib section loss appears as
shown>>>>>

© 2013 Contech Engineered Solutions LLC 31





Section 4, 100-Year Materials Durability, cont'd C*NTECH

ENGINEERED SOLUTIONS

Computed time to 50% Localized Rib Section Loss Based on

Corrosion Rates of 24 and 72 Inch Diameter Pipes?,
Un-repaired Damage, Tested in Normally Aerated Aqueous Solutions at FAUL2

- Pipe Diameter /Years

Exposure 12Avg.

Solution Corr. 243 30 36 42 48 54 60 72
In/yr.
fi(o:)z Market sensitive, proprietary data removed.
= O m_
cm
fg‘(sHh)Z Summary of data:
-Konm- . . . . .
cm Application of corrosion mitigation factors to “Worst-Case”
Ca(OH)2 corrosion rates illustrate conservativeness of proposed usage
i‘;KOhm' parameters. Note that proposed usage parameters use
10 “Worst-Case” (un-mitigated) corrosion rates reported in the
Kohm-cm, FAU study.
NaCl - (30
ppm CI-)

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
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Section 4, 100-Year Materials Durability, cont'd CsNTECH

ENGINEERED SOLUTIONS

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

© 2013 Contech Engineered Solutions LLC 33
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ENGINEERED SOLUTIONS

Section 5

Proposal Summary
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Section 5, Proposal Summary CsNTECH

ENGINEERED SOLUTIONS

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

© 2013 Contech Engineered Solutions LLC 35
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ENGINEERED SOLUTIONS

Thank You !!
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ENGINEERED SOLUTIONS
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ENGINEERED SOLUTIONS
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ENGINEERED SOLUTIONS

© 2013 Contech Engineered Solutions LLC 39





Extra slide deleted C:NTECH

ENGINEERED SOLUTIONS

© 2013 Contech Engineered Solutions LLC 40





		����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*����

		Presentation Outline

		Section 1, Introduction

		Product Description

		Section 2, Product Description

		Section 2, Product Description, cont’d

		Section 2, Product Description, cont’d

		Section 2, Product Descriptionn, cont’d

		Section 2, Product Description, cont’d

		Design and Validation

		Section 3, Design and Validation

		Section 3, Design and Validation, cont’d

		Section 3, Design and Validation, cont’d 

		Section 3, Design and Validation, cont’d

		100-Year Materials Durability�-HDPE�-Steel

		Section 4, 100-Year Materials Durability

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

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

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

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

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

		100-Year Materials Durability- Steel

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

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

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

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

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

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

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

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

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

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

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

		Proposal Summary

		Section 5, Proposal Summary

		Closing

		Extra slide Deleted

		Extra slide deleted

		Extra slide deleted

		Extra slide deleted




State Materials Research Park

* Welcome!






Florida DOT

e Our Mission

— To provide a safe transportation system that
ensures the mobility of people and goods,
enhances economic prosperity and preserves the
quality of our environment and communities.





How are we doing?

— 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






S-s3y

Percent of System Lane Miles

25%

20%

15%

10%

5%

0%

How are we doing?

STATE HIGHWAY SYSTEM HISTORY

Percent Deficient and Percent Resurfaced

Percent Deficient

20% 20%

Percent of SHS Resurfaced

— 6.4% 6.7% 6.7% 6.6% 6.7%

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

m Additional resurfacing performed incidental to other construction project work





The Future?

$ are in Billions

Figure 2

Construction Contract Letting History
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FDOT and Industry

Partners in delivering the work program
Bring the best materials to our projects
Use an objective data driven approach

Provide clear and concise specifications
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LRFD Pipe
Cover Heights

FDOT Pipe Advisory Group (PAG)
October 30, 2013

Rick Jenkins, P.E.






Overview

= |RFD Implementation

= LRFD Data vs old
FDOT Standard Index
205

= The Culvert Service
Life Estimator (CSLE)
2013 update

Culvert Service Life
Estimator 2013

Copyright @ FDOT 2013






LRFD Implementation

July 2013 Drainage Manual Appendix E

— Added "0OIld” FDOT Standard Index 205
as Appendix E

Manual (Jan. 1, 2014)
Appendix E

— Replace “"Old” FDOT
Standard Index 205 in
Appendix E with AASHTO
LRFD Cover Height Tables






Specific Changes to
January 2014 Drainage
Manual Appendix E

= Minimum Pipe Cover Control Point

= 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
Flexible Pavement

— Measured from top of pipe to bottom
of Rigid Pavement

Flexible Pavement Rigid Pavement

Base Course Base Course
Subbase

Minimum Cover
Minimum Cover

,:» Lm






Pipe Cover Control Point:
Continued

= Flexible Pipe Minimum Cover

— Measured from top of pipe to bottom
of Flexible Pavement

— Measured from top of pipe to top of
Rigid Pavement

Flexible Pavement Rigid Pavement
A

Base Course Base Course

Subbase

Minimum Cover

Al
!/f"‘-"\
Flexible
Pipe
‘*—-.._______,..«-‘/

Minimum Cover

::’_

Flexible
Pipe






LRFD Assumptions

Soil Properties
— Density = 120 pcf

Groundwater
— Pipes above GWT

Pipe Trench Excavation
— Per FDOT Specification 125-4.4

Pipe Trench Backfill
— Allowable soils, bedding, & compaction
per FDOT Specification 125-8

Pipes
— 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 CI. 11
Min /7 Max Cover

= Maximum Cover reduced and could Rr2

result in a higher class of RCP being
required

Concrete Class Il Pipe Size (in) vs Maximum
Cover Height (ft)

18 ft
16 ft

14 ft

—
N
-+

10 ft

8 ft

Cover Height (ft)

6 ft

4 ft
2 ft

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

= | RFD Cover Height M Standard 205 Cover Height






Slide 9

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 CI. 111
Min /7 Max Cover

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

Concrete Class 111 Pipe Size (in) vs Maximum
Cover Height (ft)

30 ft

PS5 ft

4 4 pd b4 b4
)3 22

N
(=)
=i
N
N

21 21 1

=

20 C (0

15 ft

HNNANN T

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

Cover Height (ft)

—
o
=

H LRFD Cover Height i Standard 205 Cover Height






Polyvinyl Chloride Pipe
(PVC) Changes

= Maximum Cover was increased

— 17’ max cover in e
Standard Index 205 SeSSti

— 40’ plUS Max cover -‘-‘A-L-‘J,'I.Il.‘."'HUI"IIH*'{;'?!'\';"!\*‘--'I-.l
';’lf,(rrflqu”{lj T

per new LRFD HH
criteria

WAGALLALL

= Minimum Cover
did not change
much at all
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RR3 Great slide!
Renna, Rick, 10/28/2013





Polyvinyl Chloride Pipe
(PVC) Changes: Cont.

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

Cover Height (ft)
N
ul
=

17 17

12 in 15in 18 in 21 in 24 in 30 in 36 in
PVC Pipe Size (in)

= | RFD Cover Height H Standard 205 Cover Height






Polyethylene (HDPE) Pipe

= HDPE Pipe very little
change with min cover

= HDPE Pipe change to
maximum cover

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

5 ft

20 ft

15 ft 17 17 17 17 17 17

o A

12 in 15in 18 in 24 in 30 in 36 in 42 in 48 in 60 in
HDPE Pipe Size (in)

over Heig

—
o
=

5 ft

0 ft

LRFD Cover Height kM Standard 205 Cover Height





Polypropylene Pipe (PP)

= Corrugated Polypropylene Pipe (PP) has
been 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 Changes

= Some maximum covers B
are less than with
Standard Index 205

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

— 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 LRFD

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

— Aluminum Round 2 2/3" X 172" > 54"

— Aluminum Round Spiral Rib > 66”

— Steel Round Spiral Rib 96"

— Aluminum Arch 2 2/3" x 172" > Equiv. 42"
— Aluminum Arch 3" x 1” > Equiv. 90”

— Aluminum Arch Spiral Rib > Equiv. 66"

— Steel Arch 2 2/3" x 172" > Equiv. 60"






Culvert Service Life
Estimator (CSLE)

RR4

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

= Updated to

match new LRFD
Data
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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

= Updated/upgraded diagram and pipe
material selection

.

":-,E%“Cul;teﬁ Semvice Estimator 20 13

ersion 5.0.01 | = eS|
File  Analysis  Settings  About
Enviromental Check Stuctural Chacle
Design Life (years) pH II J v ¥ Structural Check
100 *  Resistivity 2500 ¢ — b
Chlcrides 2000 « [ 3
Manning's o 0.012 o
- Sufates 1500« r
n Value @ =0.020 -
Diameter 36 Ll 3
Gace Type of Cuvert Service Lfe  Structual Chece Cover =

Hass

|”HCF} 1 Dt A 4 el I 200 jn]

16 (SRAP) £ Selea Cover

6300
6300
6300

m

14 (SRASP Flexible Pavement -
[RCF) Sty Cowverthickness

Calculate
- Flexible Pavement | iU
. the
(RCP) gy MeasUredirom Base Course | 6200
: bottem inside radius
(PVC) 2 Subbage

of pize. 6300

(oPE c300

This progra| ity to choose the propsr
culvert to { 3






Culvert Service Life Estimator
(CSLE) : Continued

= Updated and fixed bugs with the Jack and
Bore Casing Analysis

i g = —— —
£ Culvert Senvice Life Estimatar 20 ersion 5.0.0.1 [

File  Analyss Settings  About

Enviromental Checl Structural Checlk
Design Life (years) pH 4 * || Structural Check
100 *  Resistivity Il 3 Selected Cover = Hexible Pavement
Pavement Thickness = 3 inches
) Chlorides Ll r Entered Cover = 63 inches
Manning’s 2 0.012
. Sutaes | 180_| - :
nValue  =0.020 sm
Diameter |55 - , Sl
Gage | Tyoeof G Service Life of Jack and Bore Steel Casing bver =~ .
Pase Select Pipe Size 36Inches  ~  Theanalysisof the Jack &
{NFCP) No Dore stesl casing is 00 |
dependent on the =
16 (SFAP) Alul Metal Thich (Inches) 0.459 environmental results. B.00
14 (SFASP) Al B.00

{RCP) Stes h 0

(RCP) Stee Estimated Service Life 178.7 B.00

(PWC) Pahy B.00

e oo
1 Calculate Metal Thickness Bzsed on Service Life r

Service Life (Years) 100 Metal Thickness (Inches) Print
|

Hint: The red highlight indicates a warning from Index 205 or
FDOT Stendard Specification 125 with the selected product.

This program is intended for use 25 =n envi taland structural esta OMLY. Itis the designer's responsibility to choose the proper
culvert to meet all stuctual and hydraubc reguarement. Hor all metal ppe, the gage mdeated k5 the mansmum aliowable tor the selecied prpe
dizmeter and envirosmental condibions. Additional gage requs = must be e by the diess






Questions/Comments

= Rick Jenkins
richard.jenkins@dot.state.fl.us







. Corrosion of
Reinforced Concrete Pipe (RCP)

Mario Paredes, PE

State Corrosion Engineer
Corrosion Research Laboratory
State Materials Office
Florida Department of Transportation

Research Conducted by

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

Center for Marine Materials

FAU Department of Ocean and Mechanical Engineering FAU

FLORIDA ATLANTIC Hlonds e Uil FLORIDA ATLANTIC
UNIVERSITY UNIVERSITY






Table 4 - Part 1. Summary of Field Evaluations

, Overall
Site Description | A9¢ | Szé 398 = Cilvit
(yn) | (in) oH cr S04 p oH cr SO4 p Appearance
. (ppm) | (ppm) (Q-cml) (ppm) (ppm | (Q-cm)
5901 NE Waldo Rd (NB), 753 200 | 306' | 5500
01 | Gainesville FL iniand 7] 2 | 75 10 99 | 13000 | MNA NA WA | NA VG
US 301(NB) 0.7 mi. N of US 301 | : | 1
02 | and NE Waldo intersection. Iniand 17| 24 77%20 Qf; 1%2 17 ?330 NA NA NA | NA VG
Gainesville FL )
1907 Dale Earnhart Rd. (NB). 764" 12 2' 3200'
e i Iniand 17 | 30 e = & i NA NA NA NA VG
SR-666 (SB) NW side of Tom Draining out of
Stuart Causeway. Culvert outflows | seawall.
04 | o Boa Ciega (15100.5150)" | Crownbeiow | 3 | 18 847 | 2190 | 420 190 682 | 19200 | 3100 | 23 G
Madeira Beach FL high tide.
End of 127th Ave. E side of Gulf ?;2:};’:? out of 1600
05 | Bivd. (15100-3509)* : 2 | 36 871 331 96 , | 76 | 18100 | 3100 | 23 VG
s Crown below 40800
high tide.
End of Tilden St- W side of t?ég;“t;ggc'ﬂm -
06 | Bayshore Bivd. (15070-3516)* o = 42| 24 | g 0 98912 | 809 | 18453 | 3400 | 22 F-G
Dunedin FL PR Spve 91
high tide.
End of SanJose St. - W side of Ség:”g’;gc'ﬂm S ey g
07 gl;aynséré%el:?lvd. | 43 | 0 = Lo : 125 783 | 18656 | 3400 | 23 P
high tide.
SR 580 (SB) - NW side of the -
: Draining into 1
gg | Set Harhor Erkge (15050 fresh water 12 | 36 766 | 48 g 200 | 79 " 221 900 VG
3511) sl 0 0 353 61
Oldsmar FL
Notes.

" Inside soil sample (unless indicated otherwise, values are for outside soil samples)
? In-situ resistivity
3VG-G-F-P: Very good, good, fair, poor. See additional notes on structure condition in Table 4, Part 2.

* FDOT Project Number indicated as available






Examination of As-Received Materials

Specimen # Z10
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Examination of As-Received Ma@ﬂs

Two R-Pipes
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Interior concrete cover / Inch

Concrete Cover / Inch:

Type Z R
Average 1.24 0.715
Stand. Dev.  0.29 0.18





/Sewﬁce Life Equation RCP

1107 6b'” 1on’

SL = 1000 KO'37\/V 0.631 pH 14.1

~2.94x10°S +4.41

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





/ Service Life

800.0
Assumptions:
e bags of cement
9% water
600.0 Sulfates <1500
i pH>6
/4]
5 £00.0 =#-100 ppm Cl
v
= =0-200 ppm Cl
v
?5‘ 400.0 —#—300 ppm Cl
g ——500 ppm Cl
% 300.0 =700 ppm Cl
2!
=#=g9oo ppm Cl
200.0 ——1500 ppm CI
100.0
0.0

Concrete Cover (Inches)





Hypotheses
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






/

/

Laboratory Observations

P —

* 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

-100 A

distance (cm)

S
2-200 .
o
<
g A oLl
> -300
E mL2
:g L3
g 400 " oL4
g $ 4
a ¥ |
% ‘ m [ ]
-500 * = A | A
-600 + T T T T T
10 15 20 25 30 35
Distance (inches)
8
4
7 ® :
-6 [
Es
= + ©®
o 4
g # Inner- Dania
L3
6 [ | M Qutter-Dania
2
] @
0 T T
0.0 0.5 1.0 1.5

Cl- at rebar level ~ 7.5 kg/m3






No Cracks on the Surface






Some sections corroded more than others

Slgmflcant Cross sectlon loss

Lo

Chlorides at the rebar trace and as function of depth TBD
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OPC RCP significantly improved

12
Dnss at 3 years vs. 28 day results
10 *y RCP with fly ash Dnss as good as
< * HPC wet concrete
£ 8
o
= 0 + Type C Outer
>F<| = ot m Type C Inner
v
L 3 m + Type F Outer
S
e A ® Type F Inner
2
Pipe Type Average Average
0 . . Porosity (%) | absorption
0 10 20 30 (%)
Resistivity (K(2-cm)
9.135 3.980
Data indicates still large porosity but
10.385 5.399

disconnected.






P e -
Hypotheses

Service life of RCP is not always diffusion based Y

N

Corrosion rate would be limited if pipe is water X
saturated

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

If there is corrosion, the porosity can @

accommodate it without stresses that lead to
cracking.





Future Work

® Lots more field work
e [sthere oxide build up or just metal dissolution?
e Where are the oxides going?
e Identify point at which oxide build up cracks
pipe
e Instrument pipe to better understand behavior

e Laboratory experiments
e Characterize concrete at early ages
e Identify concentration of chlorides in
environment that activates corrosion of the
reinforcement





Questions?
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Purpose

In Florida
-feet above pipe crown
| bilized subgrade
Ja Department ansportation (FDOT)

tify pipes at risk of exceeding 5% deflection
nce — especially after early (30-day) inspection

eflection caused by three mechanismes:

= Densification
= Creep





Soil Box Dimensions
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Box Side-View






Approach

Soil Box Loading Mechanism





Approach
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Soil Box Loading Mechanism






Box Pressure Regulators
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Soil Box Laser System






il Box Pressure Cells
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§)il Box Pressure Cells





Backfilled i ox





Approach

Pipe Connection for Soil Box





Approach

ISOMETRIC VIEW FRONT VIEW

UNIVERSITY OF FLORIDA
FDOT SOIL BOX PROJECT

Pipe Connection for Soil Box





Approach

Soil Displacement Measurement





Pipe Ends





re-Deflection






Pipe Connection/ Flexible Membrane System





lest Preparation

Polyethylene Sheetmg/ Empty Soil Box





Test Preparation

First Lift of Soil (Compacted)





lest Preparation

After

Pipe Installation





lest Preparation

Filling the Soil Box





lest Preparation
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Iest Preparation
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Deflection Measurements
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lesting Procedure
















Irench Box Tests

Lifting Trench Box





Irench Box Tests

Trench Box in Soil Box





h Box Tests

Rémoval of Trenclh Box





6 inch HDPE w/trench box and
56 inch aluminum pipes
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Trench Box Soil Voids










lesting Difficulties
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Example of Soil Void During Testing





lesting Difficulties

Lift-Bag Failure Locations





esults Summary — 36 Inch Pipe

Vertical Deflection of 3 Points in 36" Pipe

HDPE pipes with |
Trenchbox Vertical slope

indicates failure |
® PVC 18" from East End
~ - B PVC Mdspan
Plastic Pipes ABVC 18 From West End
PVC 18" from Eas End (2)
r PVC Mdspan (2)
& PYC 18" from West End (2)
« HDPE L8 from East Enc
I HOPE Midspan
@ HOFE LT from WeztEnd
+ HDPE LE from East End (2)
HOPE Midspan (2}
~ MOPE LY from Wes End (2)
+ Steel 15 from Eazt End
= Ytee Mdspen
= Stee! 18" Drgm Wes frd
§ Stéel 1E from Eea End (2)
’ m. - } o Sheet Midspan (2}
High initial - i Y “ . t itee! 18 hom wes End (2)
- ® MOFE W) Trenth Box 18" frem East End

deflections ‘ - B HOPE w/ Tranch Box M dspen
Kl & MOPE w/ Trench Box 18" from Wea End
HOPE W/ Trenzh Box 187 fram East End (2)
HOPE w/ Trench Box Mdsgan (2)

Steel Pipes
30 40
Simulated Overburden (feet)






RESUIts Summary - 24 Inch Pipe

Deflection Comparison

24" Flexible Pipes A 24 HCPE 18" from East End (1)
[ S O i Gl T T T # 24 HCPE Midspan (1)

24 HCPE 18" from West End (1)
| 24 HCPE 18" from East End (2)
| M 24 HOPE Midspan (2)

| @ 24 HOPE 18" from West End (2)

- HDPE pipes

| + 24 Steel 18" from East End (1)
1 =24 Steel Midspan (1)
=24 Steel 18" from West End

# 24 Steel 18" from East End (2)

1 ™24 steel Midspan (2)

4 24 Steel 18" from West End (2)
T —_—

deflections

L T Steel Pipes

20 25
Simulated Overburden (feet)






Aluminum

Sample Creep Results —

Pipe
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Total displacements (Utot)
Extreme Utat 232.00°10 -3 ft

Computer Model

ilt)

UF Computer Model (Developed Before Box was Bu





Computer Model

Symmetry
boundaries

Soil bonded to
pipe surface.

1/4 Region
modeled

~
+—
(o8
[
©
©
+—
Q
4+
&
o0

36in. pipe

\/24 in. pipe

>
12 in. Bedding

| 5 ft modeled width

Simpson-Gumpertz and Heger Computer Model





sonclusions From Modeling and
Testing

to cause very little deflection

0.5%).

e difficult to quantify.

set at 3.5% by SGH





Density Variations

=oil Box Pressure Distribution at B0 psi
20
19
18
17
16
15
14
20

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

Model

UF Sophisticated Computer Model - Spiraled





-
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ore Sophisticated UF Computer

-------

UF Sophisticated Computer Model - No Spiral





nclusions

1s to effectively simulate
uter, more sophisticated

blown computer ahalysis may be
sary as data return from the field from
installed based upon interim guidelines.





