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Ohio Accelerated Pavement Loading Facility

• Owner/Operator: Ohio University
• Location: Lancaster, Ohio, USA
• Constructed 1996-1997
• Enclosed Chamber with Controlled Loading, Air Temperature and 

Subgrade Moisture
• -10°F to  140° F 
• Test Pit: (41 ft x 35 ft x 15 ft) 13.7 m x 11.6 m x 2.4 m deep
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Paving at APLF



Sensor Installation
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• Facility and Project Information

• Project Construction

• Instrumentation & Sample Data

• Summary

Presentation Overview
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Ohio University APLF Facility 



• Tests were done in Accelerate Pavement 
Loading Facility (APLF)

• Temperature controlled
• Fitted with Accelerated Pavement Testing 

Machine (APTM)
• APTM capable of exerting 30,000 lb dual 

tire load
• 3 high density polyethylene (HDPE), and 

2 polypropylene (PP) pipes buried in 
testing pit

• 48-inch diameter pipes – Ohio DOT Item 
304

• 36-inch diameter pipes – #57 Gravel
• All pipes subject to same cover 

conditions

Shallow Cover Experiment
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Presenter Notes
Presentation Notes
Add picture of just facility to prior to pipe picture



Pipe Material Information
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Pipe Material Young's Modulus 
(Short-term)

Ultimate Stress Limit 
(Short-term)

Young's Modulus 
(Long-term)

Utimate Stress Limit 
(Long-term)

PP 175000 3500 28000 1000

HDPE 110000 3000 21000 900

Pipe 
Material

Nominal Diameter 
(in)

Effective Area 
(in2)

MOI 
(in4)

PP 36 0.302 0.3703

42 0.34 0.3786

HDPE 36 0.268 0.3299

42 0.28 0.5295

Pipe 
Materiala

Nominal Diameter 
(in)

Effective Area 
(in2)

MOI 
(in4)

PP 36 0.302 0.3703

42 0.34 0.3786

HDPE 36 0.268 0.3299

42 0.28 0.5295

Liner Valley



Pre-Construction Demolition

Presenter Notes
Presentation Notes
Before we could get started we had to get the old concrete out! Here are images taken during the removal of the previous project. For those of you unfamiliar with the ORITE facility these pictures should help give a sense of scale to the size of the facility. The far right pictures shows the pit prior to the ramp being removed. You can clearly see the two different types of base material.



Pipe Installation

Presenter Notes
Presentation Notes
Once the bedding material was down and compacted, pipe transportation and placement could begin. Single lengths of pipe could be rolled around by hand but once assembled were manipulated using the excavator. You can see the pipe assembly and joints clearly in left picture. Sand-Cone Density and GeoGauge/Stiffness Gauge measurements were taking on the base layer of 304. Readings were taken at various locations underneath pipe centerlines (and several other randomly selected locations). 



• ASTM F1668 Construction Procedures for Buried Plastic Pipe
• 36” - uncompacted #57 gravel
• 48” – 304, compacted 4-inch lifts
• 4 ¼” layer of compacted 304 overtop

Embedment Construction Details
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Presenter Notes
Presentation Notes
ASTM F1668:
Specified minimum trench excavation width
Construction practices
Compacted lift thicknesses allows 12 inches  ODOT requires 4 inches when using a vibratory plate compator



ODOT Item 304

Embedment Materials - #57 vs 304
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AASHTO #57 Gravel



Embedment Material Soil Testing
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Embedment Construction
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Asphalt Construction Details
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Construction Details – Plan View
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Presenter Notes
Presentation Notes
As previously noted, the larger 48 inch pipes were placed in 304 embedment, while the smaller 36-inch pipes were placed in #57.
The difference in embedment height was to make up for the difference in pipe diameters, ensuring even cover conditions across all pipes. 
Pipe spacing was chosen to comply to AASHTO LRFD guidelines on adjacent pipe spacing, requiring 2*D of pipe measured between pipe centerlines. 



Asphalt Construction
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Instrumentation and 
Data Collection
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Data Collection Intervals
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0-10K 10K-30K 30K-
50K

50K-
80K

ROOM 
PIPE TEMP - (60-75F)
AC TEMP - (65-85F)

COLD 
PIPE TEMP - (<60 F)
AC TEMP - (<65 F)

WARM/HOT 
PIPE TEMP - (>75F)
AC TEMP - (>85 F)



Temperature 
Classification

Load 
Cycles

Asphalt Temperature Pipe Temperature
(top AC base) (bott. AC base) Invert Crown

TCC TCC2 TCC3 TCC4
ROOM 10k 71.7 70.0 67.2 68.5
COLD 30k 43.1 43.3 46.5 45.1
WARM 52.8K 96.0 89.6 73.4 79.9
HOT 60K 100.3 99.0 86.7 92.7

Temperature Data
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Presenter Notes
Presentation Notes
Put 80k load cycles temperature on here instead of 60k. 



Pipe Nomeclature
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ARCH/SHOULDER

CROWN

SPRINGLINE

INVERT

HAUNCH



Instrumentation - Typical Layout
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Instrumentation Location Plan
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Presenter Notes
Presentation Notes
MENTION: redundancy in sensors  1 forward & backward on the 48 inch diameter pipes, 1 forward on 36 inch (less concern)
potentially shoulder have had on at the shoulders of C instead of A 

NOTE: forward pass****** difference in A & B pressure sensor values. 



Strain Gages (SG)
• Biaxial gages placed at crown 

and springline on interior pipes
• Placed on corrugation valley to 

prevent liner interference

Pipe Instrumentation
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Early Strain Behavior
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304 #57vs.



Early Strain Behavior  Equillibrium
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304 #57vs.



Temperature Response – Pipe Strain

December 8, 2023RUSS COLLEGE, CIVIL ENGINEERING DEPARTMENT

10k - ROOM 30k - COLD 80k - HOT

140 με 25  με 315  με

305 με 70  με 690  με

Presenter Notes
Presentation Notes
Temperature drop caused a 60% drop is strain values. 
Higher temperature - 200% increase from previous room temperature runs
Note that values at room and hot temperatures both slowly return to zero rather than immediately like the cold temperature runs



• String Potentiometers (SP)
• 4.7 inch range potentiometers placed 

at crown, arch/haunch, springline and 
circumferential locations

• Fixed to corrugation valley 
• Thermocouples (TC)

• Placed and invert and crown locations

Pipe Instrumentation
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Early Deflection Behavior – 100 Load Cycles
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304 #57vs.

ALL VALUES VERY SMALL 

Presenter Notes
Presentation Notes
Progressive vertical deflections:
higher for pipes embedded in 304  unexpected, potentially more movement allows for in the looser backfill material
higher for HDPE pipes than their PP counterparts  higher area of PP pipes, making them stiffer over shorter ranges of motion
ALL VERY SMALL VALUES  could be due to uneven compaction or sensor installation differences. 
Arch deflections follows the same trends
Circumferential deflections: VERY SMALL, nearly identical across the pipes



Early Deflection Behavior  Equilibrium
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100 load cycles 1,000 load cycles



Temperature Response – Deflection

December 8, 2023RUSS COLLEGE, CIVIL ENGINEERING DEPARTMENT

10k 
ROOM

30k 
COLD

80k
HOT

0.011 in.

0.04 in.

0.0015 in.

0.015 in.

0.003 in.

0.015in.

Presenter Notes
Presentation Notes
Comparison of room temperature, cold and hot temperature runs.
Using room temperature as a baseline for comparison
Cold temperature deflections are extremely small
Behavior of the pipes between room temperature and hot temperature similar
Nearly 4x the amount of vertical deflection
Arch position return  asphalt movement on the other side of the pipe causes higher value after pass
Spring initial drop  asphalt shoving on side of pipe caused elongation or ovaling (ovaling picture)



• Pressure Cells (PC)
• In embedment material at crown, 

springline, haunch and arch locations
• Placed in thin layer of sand to avoid 

potential load concentrations
• Asphalt Strain Gages (SGA)

• Bottom of asphalt base layer, on top of 
compacted 304 layer

• Longitudinal, above pipe crown
• Thermocouples (TC)

• Bottom and top of asphalt base

Embedment & Asphalt 
Instrumentation
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Temperature Response – Pressure
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10k 
ROOM

30k 
COLD

80k
HOT

Presenter Notes
Presentation Notes
Similar to other sensors, increased temperature, increased sensor reading/response. Most notable response behavior between them is arch pressure becoming higher than crown pressure under cold temperature runs. 



Early Asphalt Strain Behavior
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304 #57vs.

Presenter Notes
Presentation Notes
No signs of progressive deflection, but drastically higher than subsequent values  thought to be due to asphalt compaction and settlement with embedment. 

LARGE drop in values once reaching 1,00 load cycles



Early Asphalt Strain Behavior  Equilibrium
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100 Load Cycles
200με

1000 Load Cycles
75με

60% + DROP

Presenter Notes
Presentation Notes
No signs of progressive deflection, but drastically higher than subsequent values  thought to be due to asphalt compaction and settlement with embedment. 

LARGE drop in values once reaching 1,00 load cycles. ACROSS ALL PIPES.




Temperature Response – Asphalt Strain
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50 με 20 με 160 με

10k - ROOM 30k - COLD 80k - HOT

Presenter Notes
Presentation Notes
Nearly identical overall response, with varying magnitudes. (add asphalt tempertues)



• Pressure Cells (PC)
• In embedment material at 

crown, springline, haunch 
and arch locations

• Placed in thin layer of sand 
to avoid potential load 
concentrations

Embedment & Asphalt 
Instrumentation
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• Measurements taken over pipe crowns 
midpoints between pipes

• Carriage travels the rail
• Onboard computer converts angles to 

elevations
• Elevation measurement every ½”

Asphalt Profilometer
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Asphalt Profile Results
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• Room and cold temperatures, up to 50,000 load cycles
• Deeper rut depth above pipe crowns

• “bounce” of pipes
• PP < HDPE rut depths above pipes

• higher stiffness of HDPE provided more support to adjacent 
areas



• No major differences between embedment materials
• No large differences in behavior between two pipe 

materials, across the temperature range tested
• Despite not achieving 2ft of cover requirement 

(AASHTO LRFD), all pipes performed very well
• Never approached anywhere near 5% deflection limit, 

even under most extreme temperatures (0.05” MAX)

Summary

December 8, 2023RUSS COLLEGE, CIVIL ENGINEERING DEPARTMENT



M ay 9, 2024Civil and Environm ental Engineering D epartm ent

Therm oplastic Pipes Perform ance at High and Am bient 

Tem peratures Under Shallow  Cover

Presenter:
Abdul Basit Dahar
PhD Student
Ohio University



• Introduction 
• Literature Review
• Research Gap
• Objectives
• M aterials and M ethods
• Results

Presentation Layout
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Background
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• Recent W ildfire Devastation: California's wildfires have 
intensified in recent years, causing extensive dam age to both 
forests and developed regions.

• Historic Scale of Destruction: Since 2015, the state has 
witnessed 15 of its 20 m ost destructive fires, leading to 
widespread annihilation of hom es and buildings across 
diverse landscapes, from  the Sierra Nevada foothills to the 
Coast Range.

• Intersection of Hum an Habitation and Fire Zones: The fires 
are increasingly occurring in populated areas— or conversely, 
m ore people are settling in fire-prone regions— introducing 
new risks for health and infrastructure.

• Post-Fire Hazards: Am ong the various dangers that follow in 
the afterm ath of these fires are buried infrastructure, including 
HDPE (High-Density Polyethylene) and PP (Polypropylene) 
pipes. These m aterials are com m only used for utilities and are 
at risk of dam age.

• Infrastructure at Risk: These buried pipes face threats from  
both static and m oving loads beneath pavem ents, which can 
be com prom ised or weakened by the intense heat and 
subsequent environm ental changes caused by the fires.
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M aterial-Level Testing
• Povolo et al., 1996
• R.W . Bonds, 2000
• M erah et al., 2003
• Am jadi& Fatem i, 2021

System -Level Testing
• Krushelnitzky& Brachm an, 2013
• Zhang et al., 2022

Literature Review



• Yield stress decreases linearly with tem perature increase 
from  32 M Pa at -10°C (263.15 K) to 9 M Pa at 70°C (343.15 K).

• Ductile fracture is the predom inant failure m echanism , with 
notable necking at room  and higher tem peratures.

• Linear correlation between yield strength of HDPE and 
tem perature:

• Form ula: 

ys = 112.85 -0.305T           263K  T  343K

• Theoretical support from  Eyring’s theory of viscosity.

ys= H/V + R/V ln(/A )T

*  Reference: Adapted from  M erah et al., 2003; R.W  Bonds, 
2000; Povolo et al., 1996.

M ay 9, 20 24Civil and Environm ental Engineering D epartm ent

Literature Review



• Significant findings indicate HDPE pipe deflections increase with 
tem perature.

• The study observed vertical deflections in sand-backfilled HDPE 
pipes increase by 1.3 tim es when tem perature rose from  22°C to 
80°C.

• This increase in deflection is attributed to greater circum ferential 
com pression at higher tem peratures.

• Even under prolonged pressure for 1000 hours, vertical pipe 
deflections continued to rise, although at a slower rate.
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Krushelnitzky& Brachm an, 2013

Literature Review



Am jadi& Fatem i, 2021

• The study revealed a decrease in creep strength and an increase in 
both creep strain and strain rate with rising tem perature.

• The Larson-M iller param eter, typically used for m etals, effectively 
correlated the tim e to rupture, stress, and tem perature data for HDPE.

• The M onkm an-Grant relation and the Findley power law were 
successfully applied to m odel the HDPE's creep behavior.

• The research also included longer-term  creep tests at room  
tem perature, validating the extrapolation accuracy of short-term  creep 
results to predict longer-term  creep life.

M ay 9, 20 24Civil and Environm ental Engineering D epartm ent

Literature Review



Zhang et al., 2022

• Sequential pressure and tem perature variations 
im pact deform ation and strain in HDPE pipes.

• Findings suggest alterations in pipe deform ation 
and strain distribution under environm ental stress.

• Em phasizes the im portance of understanding soil 
stiffness around HDPE pipes.

M ay 9, 20 24Civil and Environm ental Engineering D epartm ent

Literature Review



• Lim ited data of HDPE and PP pipes' m echanical properties during and after exposure to elevated tem peratures.

• Lim ited research on HDPE and PP pipes under shallow covers with static and dynam ic loads after exposure to high 
tem peratures.

• Lack of design equations for HDPE and PP pipes considering elevated tem peratures.

• Need for guidelines on the therm al interaction between adjacent HDPE and PP pipes.

Research Gap
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• To investigate the m echanical properties of HDPE and PP pipes across a range of tem peratures.

• To exam ine the response of HDPE and PP pipes under varying loads when installed under shallow cover.

• To develop and validate a full-scale finite elem ent m odel for HDPE and PP pipes under shallow cover, incorporating 
a param etric study with traffic load sim ulations.

• To develop design equations for HDPE and PP pipes that factor in elevated tem peratures.

• To establish guidelines for the therm al interaction between closely installed HDPE and PP pipes.

O bjectives
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M aterials and M ethods
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1-M aterial-Level Testing

• Coupons will be subjected to tensile testing while being heated.
• Coupons will undergo tensile testing after cooling from  elevated 

tem peratures.
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2-System -Level Testing at the APLF Facility of Ohio University, Lancaster Cam pus

M aterials and M ethods
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M aterials and M ethods



Instrum entation Setup
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Strain Gauges LVDTs

Propane Gas Heater
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M aterials and M ethods
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Finite Elem ent M odeling
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Crown displacem ent versus tim e response under a m oving truck with different truck speeds for  (a) very 
flexible pipe (10 KN/m ) (b) flexible pipe (30 KN/m ) (c) sem i-rigid pipe (100 KN/m ) (d) rigid pipe (1000 KN/m )

(a)
(b)

(c)
(d)

Am bient Tem perature
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Crown displacem ent versus tim e response at elevated tem peratures under a m oving truck with different truck 
speeds for (a) very flexible pipe (10 KN/m ), (b) flexible pipe (30 KN/m ), (c) sem i-rigid pipe (100 KN/m ), (d) rigid pipe 
(1000 KN/m ).

(a) (b)

(c) (d)

Elevated Tem perature



Thank You!
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