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- Currently 7 major railroads 
(Class I) and hundreds of Class 
II and III railroads comprising 
140,000 miles of track in U.S. 

- Revenues in the freight rail 
industry were $63B in 2009

- 1.4 million freight cars 
operating in 2009 (450,000 
Class I)

- Freight Rail Infrastructure 
Expansion Act of 2009 proposes 
increased funding and tax 
incentives for freight rail

- FRA recently announced 
$25M funding for high speed 
rail 



ENVIRONMENTAL 
ADVANTAGES OF RAIL

• Railroad fuel efficiency is up 94% since 
1980

• A freight train moves a ton of freight an 
average of 480 miles on a gallon of fuel (0.6 
liters of fuel per 100 km)

• According to Federal Railroad 
Administration, railroads are 2 – 5 times 
more fuel-efficient than trucks

• A single freight train can take the load 
of 280 trucks

• If 10% of current long distance 
highway freight switched to rail, national 
fuel savings would exceed 1B 
gallons/year (3.8 B Liters/year)









• TTCI –
Transportation 
Technology 
Center, Inc., 
Pueblo, CO

• FAST –
Facility for 
Accelerated 
Service Testing

• Typical train 
consist = 80 
315,000 lb (156 
ton) cars and 4 
GP-40 
locomotives



• We Used 

39 Ton Axle 

Load Cars 

(315,000 lb) 

for the test; 

TTCI started 

using these 

loads in 

1988



Live Load Transferred 

to Pipe

Cooper E-80 Load



TTCI
• Headquartered in 

Pueblo, CO at the 
U.S. Federal 
Railroad 
Administration’s 
Transportation 
Technology Center

• Includes 50 miles of 
test track for 
specialized full 
scale rail tests

• TTCI capable of 
accumulating 1 
million gross ton-
miles / day on high 
tonnage loop







(24” compacted 
to 98% SPD)

(6” sub-ballast, 
12” ballast)







-Instrumented 2 
58” pipes (1 for 
each backfill type)

- 16 strain gages, 
10 string pots on 
each pipe

- One end of pipe 
had an inline bell 
WT coupler; the 
other end a fabric 
wrapped split 
coupler

-Track loads 
directly over joints





EXCAVATION FOR THE PIPES



Excavating trench 
for the pipe







Installing the 
instrumented 
pipe sections





Bell and spigot 
WT joint

Split coupler 
Joint



Placing crushed 
stone backfill 
around pipe



SITE 1 – Crushed stone #57 
Backfill, vibrated with jumping 
jack

SITE 2 – Native soil backfill 
(ASTM Class III), vibrated with 
jumping jack



Pipe #2
Soil Backfill

Pipe #1
Stone BackfillFirst foot over pipe - Compacted to 94% 

SPD with small vibratory roller.

Second foot over pipe – Compacted to 98% 
SPD with loader and large vibratory larger 
roller.



Initial compaction of the native cover soil 



Final Compaction







Strains and Deflections were 
Measured:

• Statically, when backfill and track 
construction was complete

• Statically, after accumulating 1 MGT 
of Heavy Axle Load (HAL) traffic

• Dynamically, during 10 laps of train 
operations after completing 1 MGT of 
HAL traffic

• Statically, prior to train operations 
after accumulating 96 MGT of HAL 
traffic

• Dynamically, during 10 laps of train 
operations after completing 96 MGT of 
HAL traffic



Data Collection

(See Video)









Pipe Wall Strains from Construction and Backfill



Pipe Deflections from Construction and Backfill



Maximum dynamic wall strains from 40 mph train after 1 MGT



Maximum peak-peak dynamic wall strains from 40 mph train after 1 MGT



Maximum deflections from 40 mph train



Maximum peak-peak changes in deflection due 
to dynamic load from 40 mph train
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Measured vs. Allowable Deflections

Maximum Allowable 

Deflection per Standard

Maximum Measured 

Deflection From Construction

Maximum Measured 

Deflection from Dynamic 

Loading

Maximum Measured Total 

Deflection



Sample dynamic strain and deflection data for train pass



Dynamic distribution of wheel loads over track



Data was collected after 96 
MGT as well:

- Strains were slightly higher 
than after 1 MGT test (max 
strain increased by 600 
microstrain, or 0.06%)

- Deflections were slightly 
higher than after 1 MGT (max 
deflection increased by 0.2”, 
or 0.4%)

- Maximum circumferential 
shortening increased from 
0.5” to 0.8”



After 6 Weeks Static 
Load:

- One set of wheels 
parked over each pipe 
continuously for 6 weeks

- Negligible track 
deflection at the end of 6 
weeks; rebounded 
completely when train 
was removed 

-No track geometry 
maintenance needed after 
the test due to soil 
settlement or pipe 
deflection



- Maximum strain due to 
construction loads was -7300 
microstrain (0.73%) 
compressive

- Tensilestrains were 
negligible

- Maximum peak-peak strain 
due to dynamic loads was 
1173 microstrain (0.12%) 
compressive

- Maximum deflection due to 
construction loads was 1.46%

- Maximum deflection due to 
dynamic loads was 0.12%

KEY SUMMARY POINTS



KEY CONCLUSIONS FROM TTCI-Pipes performed 
acceptably through 96 
MGT

- No track geometry 
maintenance was 
required at test site 
due to pipe deflection 
or fill settlement

- Ride quality over 
the pipes was 
satisfactory

- The maximum 
deflection caused by 
dynamic loads was 
0.06” (0.12%)



CONCLUSION

• Large diameter 
corrugated HDPE 
pipe is recommended 
for railroad 
applications, 
including shallow 
fills, when properly 
installed

• Large Diameter 
corrugated HDPE 
pipe was included in 
the 2012 AREMA 
Specifications as a 
result of this study



QUESTIONS?


