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https://www.huffingtonpost.com/entry/plastic-waste-
oceans_us_58fed37be4b0c46f0781d426
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https://www.npr.org/2017/12/09/568797388/recycling-
chaos-in-u-s-as-china-bans-foreign-waste
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1 Ton
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5,774kWh
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685 Gal
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98MM Btu’s
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30 CY
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Recycled HDPE Bales

Recycled HDPE Flake

Recycled HDPE Pellets

Virgin HDPE Pellets Carbon Black Pellets

Recycled

Anti-
OxidantVirgin



NCHRP Project 4-32 – Performance of Corrugated 
Pipe Manufactured with Recycled Content

 $350,000 
 Completed in 2011 and published in NCHRP Report 696

NCHRP Project 4-39 – Field Performance of 
Corrugated HDPE Pipes Manufactured with Recycled 
Materials

 $600,000 
 Completed in 2016 and published in NCHRP 870

Evaluation of Corrugated HDPE Pipes Manufactured 
with Recycled Materials in Commuter Railroad 
Applications

 PhD Dissertation, published by Michael Pluimer, PhD in 2016



Highlights of Research 

 Recommendations to include recycled HDPE content in pipe 
manufactured per AASHTO M294

 Must meet or exceed current virgin resin requirements
 Criteria to ensure 100-year service life established



Service Life
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Creep

Fatigue
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𝑡𝑡𝑆𝑆𝑆𝑆𝑆𝑆 = 𝑡𝑡𝑆𝑆𝐶𝐶 + 𝑡𝑡𝑆𝑆𝐶𝐶
where

𝑡𝑡𝑆𝑆𝑆𝑆𝑆𝑆 = total time for slow crack 
growth
𝑡𝑡𝑆𝑆𝐶𝐶 = time for crack initiation
𝑡𝑡𝑆𝑆𝐶𝐶 = time for crack propagation

Notched 
Tests



Constant Stress Testing
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 Conduct UCLS test in water at at least 3 different 
temperature / stress conditions (E.G. 80 deg. C / 650 
psi; 80 deg. C / 450 psi; 70 deg. C / 650 psi)

 Use Popelar Shift Method (PSM) or Rate Process 
Method (RPM) to shift data from test temperature 
and stress to service temperature and stress:

Popelar Shift Method: Stress Shift Factor = e 0.0116(T2-T1)

Time Shift Factor = e 0.109(T2-T1)

Rate Process Method: 𝐥𝐥𝐥𝐥𝐥𝐥 𝒕𝒕 = 𝑨𝑨 + 𝑩𝑩
𝑻𝑻

+ 𝑪𝑪 𝐥𝐥𝐥𝐥𝐥𝐥 𝑺𝑺
𝑻𝑻



SSF =
e0.0116(T2-T1)

TSF =
e0.109(T2-T1)

Data point 
shifted to 23 
deg. C

23 Deg. C 
Mastercurve



500 psi

234 yrs.

Service Life Prediction Illustration



Lab Constant Stress
( Ohio University )

Simulated Field Installation 
( TRI Load Cell )



Pipe Description PCR Predicted Time to 
Cracking

Actual Time to First 
Cracking

Pipe 1 30 in. M294 pipe 0% > 2 yrs. > 1 yr. - No cracks

Pipe 2 30 in. F2648 pipe 49% > 2 yrs. > 1 yr. - No cracks

Pipe 3 30 in. Custom pipe 98% 58 – 148 days 101 days

Pipe 4 30 in. F2648 pipe 49% 1.4 – 3.1 yrs. > 1 yr. - No cracks

Pipe 5 30 in. M294 pipe 0% > 2 yrs. > 1 yr. - No cracks

Pipe 6 30 in. Custom pipe 98% 71 – 220 days 185 days

Pipe 7 30 in. Custom pipe 98% 73 – 172 days 185 days

Pipe 8 30 in. F2648 pipe 54% 203 - 578 days > 306 d - No cracks

Pipe 9 30 in. F2648 pipe 59% 139 – 357 days 300 days
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Pipe Spec PCR,
%

Dynamic Grip 
Displacement, 

mm (in.)

Peak-Peak 
Dynamic 

Strain, 
microstrain

Number 
of 

Cycles, 
millions

Results

1 1-1 0 +/- 0.05 
(0.002) 1200 1.0 No 

cracking

2 2-1 49

+/- 0.05 
(0.002)
+/- 0.13 
(0.005)

1200 – 1st

million
2700 – 2nd

million

2.0 No 
cracking

4
4-1 49 +/- 0.05 

(0.002) 1200 6.4 No 
cracking

4-1 49 +/- 0.05 
(0.002) 1200 10.0 No 

cracking







Thank You

Bryan Miko, P.E.
ADS, Inc.

(630)945-7189


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Highlights of Research 
	Service Life
	Slide Number 20
	Constant Stress Testing
	Slide Number 22
	Slide Number 23
	Service Life Prediction Illustration
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35

