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EFFECT OF BURIED PIPE INTEGRITY ON ROADWAY
SUBSIDENCE

INTRODUCTION

In the past several years, there have been several fire incidents that have dramatically
compromised the structural integrity of two heavily traveled New Jersey roadways: 1-80
and Route 9. On June 22, 2001, after a collision, a fuel truck burst into flames on 1-80
near Denville sending 3,200 gallons of flammable gasoline into the storm drains. On
October 20, 2004, a fuel tanker flipped over and burst into flames on Route 9 near
Sayreville sending 9,000 gallons of flammable gasoline into the storm drains where it
continued to burn. Luckily, in both cases, the storm drains did not lose integrity and
remained structurally sound after the fire. However, storm drains with low fire resistance
could lose structural integrity causing the roadway to subside or collapse. As a result of
these and other incidents, the effect of buried pipe integrity on roadway subsidence was
evaluated for a no-access interstate freeway and for a full access arterial roadway, both
falling under the auspices of the NJDOT. Figures 1 and 2 show traffic on 1-80 near Exit

38 and on Route 9 near Newark respectively.

SUMMARY

The performance of roadway pavement is significantly affected by the integrity of buried
pipes underneath. It is important that these pipes remain structurally sound during the life
of the roadway for a better performance and uninterrupted service. Damage or total of
loss of the pipe will result in structural damage to the pavement, excessive deflections,
and roadway subsidence or collapse. In the event of a roadway subsidence or collapse,
the roadway or sections of it will be fully or partially closed to traffic for repair. Road
closure and detours would cost the traveling public (trucking industry and passenger
vehicles) in travel delay and added vehicle operating costs. One-lane closures usually

result in approximately 30-60 minutes of delay per vehicle, and would cost the public in



gas costs and additional costs due to travel delays. The added cost of travel would cause

loss of revenues for businesses in New Jersey.

This report summarizes the results of an analytical investigation of the effect of buried
pipe integrity on roadway subsidence. Three different pipe diameters were evaluated
using typical cover on top of pipe and typical trench widths. The pipe diameters were: 24
in., 36 in., and 48 in. The pavement cross-section selected for this investigation was
typical for 1-80 and Route 9 in New Jersey. The applied loading consisted of an HS-25
truck wheel load. Two loading cases were analyzed: 1) buried pipes perpendicular to the
roadway, and 2) buried pipe parallel to the roadway. The results showed that for the case
when the pipe is perpendicular to traffic and when the pipe is completely damaged, the
pavement on top of the pipe suffers excessive deformations and eventually collapses. In
many of the cases investigated in this study, the roadway collapse occurred under the
pavement and soil self weight without vehicular loads. In other cases, the collapse
occurred due to moving vehicular loads. The collapse mechanisms were dependent on the
pavement and soil strength and pipe diameter. When the damaged pipe is parallel to
traffic, the pavement suffers considerable deformations in the case of the 24 in. pipe and
it collapsed in the case of 36 in. and the 48 in. pipes.

EFFECT OF PIPE LOSS ON ROADWAY PERFORMANCE

The effect of pipe damage or pipe loss below roadway surface was evaluated using
analytical simulations. The simulations were modeled using finite element analysis. The
finite element analysis method is well suited for the analysis of soil structure interaction.
A two-dimensional model was created for the soil-pipe-pavement system using roadway
cross-sections typical for 1-80 and Route 9 in New Jersey. The roadway sections of 1-80
and Route 9 are variable along the length of these roads because of the several repairs,
overlays, and widening over the years; hence, the chosen cross section was a typical
section representative of these roadways. The profile of the soil and pavement
surrounding the buried pipe has several layers of compacted soils on top of the pipe, base

and sub base layers, and asphalt concrete layers. Typical roadway sections for 1-80 and



Route 9 are shown in Figures 3, 4, and 5 for the 24-in diameter pipe, the 36-in diameter

pipe, and the 48-in diameter pipe respectively.

The standard truck loads in New Jersey are the AASHTO HS-20 Truck and Lane loads
and the Permit loads. The NJDOT specs also require increasing this load by 25% for
moment and shear calculations. The controlling load in our study was the truck load. The
truck loads consist of several concentrated wheel loads depending on the number of
axles. The maximum wheel load of the HS-20 Truck is 16 kips. This wheel load is
increased by 25% for design. Hence, a 20 kip concentrated wheel load was the vehicular
load used in this study. The concentrated load was applied as a moving load such that it

produces the maximum stresses and deformations in the system.

Case 1: 24-in Diameter Buried Pipe Perpendicular To Traffic

For this case, a computer model was created to simulate a 24-in diameter hole under the
roadway as was shown in Figure 3. The roadway section on top of the pipe consisted of
about 2 ft of compacted backfill, 2 ft of sub base and base materials, and about 16 in of
base course and asphalt concrete pavement. The width of the trench was 48 in. Figure 6
shows the roadway response as the vehicular load approaches the damaged pipe location
from left to right. The results show that roadway deformations are induced when the
vehicle is about 4 ft to 6 ft from the buried hole. As the vehicle moves closer to the hole,
the deformations increase. The maximum deformations occurred when the load was over
the buried hole. These vertical deformations became excessive as the load approached the
buried pipe location, and resulted in roadway subsidence and collapse as the vehicle load
passes over the hole. Figures 7, 8, and 9 show soil plasticization, soil vertical
displacements, and soil vertical stresses due to loss of pipe support respectively. The soil
plasticization shown in Figure 7 indicated that the soil has reached a plastic state
(irreversible deformations) in these shaded regions making it incapable of supporting
applied loads thus leading to failure. Figure 8 shows that the maximum vertical
deformations occur at the pipe location. Figure 9 shows that the stresses in the soil over
the lost pipe are very small while the stresses on either side of the trench are maximum.



This indicates that, the soil on either side of the trench is picking up the load that was
supported by the pipe and the roadway above it and that the soil on top of buried pipe can
not support any loads any more. For weaker soils, the analysis showed that the roadway
collapses under the pavement and the soil’s own self-weight without the application of

any moving vehicular loads.

Case 2: 36-in Diameter Buried Pipe Perpendicular To Traffic

For this case, a computer model was created to simulate a 36-in. diameter hole under the
roadway as was shown in Figure 4. The roadway section on top of the pipe was similar to
the case of the 24-in. pipe except that the trench width was increased to 78 in. For the
case of this pipe diameter, the analysis showed that roadway deformations are induced at
the instant the pipe is lost and without the application of any moving loads. These
deformations quickly become excessive and the roadway subsided and eventually
collapses. Figure 10 shows the soil plasticization (soil failure) under the weight of
roadway pavement and the compacted fill material over the damaged pipe. This is a
serious situation because a sudden large depression has developed in the roadway without
a warning. Several additional runs for this case were made using a stronger soil. These
runs showed that although the stronger soil did not collapse under its own weight, it did
collapse under the moving vehicular loads. Figures 11 and 12 show the vertical

displacements and stresses for the case of the 36-in. diameter buried pipe respectively.

Case 3: 48-in Diameter Buried Pipe Perpendicular To Traffic

For this case, a computer model was created to simulate a 48-in. diameter hole under the
roadway. The roadway section on top of the pipe was similar to the case of the 24-in.
pipe except that the trench width was increased to 90 in. Figure 13 shows the soil
plasticization (soil failure) under the weight of roadway pavement and the compacted fill
material over the damaged pipe. This is a serious situation because a sudden large
depression has developed in the roadway without a warning. Several additional runs for
this case were made using a stronger soil. These runs showed that although the stronger



soil did not collapse under its own weight, it did collapse under the moving vehicular
loads. Figures 14 and 15 show the vertical displacements and stresses for the case of the

48-in. diameter buried pipe respectively.

Case 4: Buried Pipes Parallel to Traffic

Buried pipes parallel to traffic are typically located about 4 ft. to 6 ft. from the moving
wheel loads. Therefore this case can be analyzed using the cases of pipes perpendicular to
traffic with the moving load located about 4 ft. to 6 ft. from the buried pipe. For the 24-
in. pipe, the analysis in Case 1 showed that when the moving load is about 4 ft. to 6 ft.
from the pipe, deformations are induced in the road way. However, for the 36-in and the
48-in., the self-weight causes excessive deformations in the roadway and eventual

collapse without any moving loads.

EFFECT OF PAVEMENT DAMAGE ON ROADWAY SERVICE

1-80

Roadway subsidence and pavement damage in the vicinity of a damaged buried pipe will

result in major disruption of traffic in the region for an extended period of time and will
require millions of dollars to keep this segment of the highway open. 1-80 provides direct
access for commercial trucking year round, as well as passenger cars and recreational
traffic. It is also a major source of support and survival for businesses along the path of
the Interstate in New Jersey. Pavement damage due to loss of pipe integrity may result in
full or partial closure depending on the extent of damage. In either case, traffic will be

disrupted and alternative routes will cost additional time and money.

The NJDOT traffic volume data for 1-80 for weekdays in year 2004 show that the
Average Daily Traffic (ADT) for the eastbound of 1-80 in New Jersey was 47,692

passenger cars, 29,044 two-axle trucks (4-Tire and 6-Tire), and 3,496 five-axle trailers.



For the westbound, the ADT was 59,937 passenger car, 25,135 two-axle trucks (4-Tire
and 6-Tire), and 4,239 five-axle trailers. The 2004 Average Annual Daily Traffic
(AADT) for 1-80 for weekdays was 83,916 vehicles for the eastbound and 92,714

vehicles for the westbound.

For the weekends in year 2004, the NJDOT traffic data show that the ADT for the
eastbound of 1-80 is as follows: 39,402 passenger cars, 21,230 two-axle trucks (4-Tire
and 6-Tire), and 1,104 five-axle trailers. For the westbound, the ADT’s were 51,004
passenger car, 18,272 two-axle trucks (4-Tire and 6-Tire), and 1,219 five-axle trailers.
The AADT for eastbound was 62,948 vehicles and for the westbound was 74,074

vehicles.

A total closure of the highway in two directions will affect approximately a total of
176,630 vehicles daily for weekdays. A partial closure or individual lane closure will
affect a portion of that volume depending on the magnitude, the location, and the time of
the day of the partial closure. Table 1 summarizes the daily traffic data for 1-80 on

weekdays and Table 2 summarizes the daily traffic data for 1-80 on weekends.

The highway closure will incur additional daily costs to the trucks carrying goods along
the Interstate in thousands of dollars per day. This would translate to added shipping
costs for goods transported to and from the region. The added shipping costs would in
turn affect the economic competitiveness for the goods produced in New Jersey and the

Northeastern region in general.

US Route 9

9]

The roadway subsidence and the subsequent pavement damage in the vicinity of a
damaged buried pipe will result in major disruption of traffic in the region for an
extended period of time and will require millions of dollars to keep this segment of the



highway open. US Route 9 provides direct access for commercial trucking year round, as
well as passenger cars and recreational traffic. It is also a major source of support and
survival for businesses along the path of Route 9 in New Jersey. Pavement damage due
to loss of pipe integrity may result in full or partial closure depending on the extent of
damage. In either case, traffic will be disrupted and alternative routes will cost additional

time and money.

The NJDOT traffic volume data for Route 9 for weekdays in year 2004 shows that the
Average Daily Traffic (ADT) for the northbound of US Route 9 in New Jersey was
14,702 passenger cars, 11,289 two-axle trucks (4-Tire and 6-Tire), and 208 five-axle
trailers. The 2004 Average Annual Daily Traffic (AADT) for weekdays for Route 9

northbound was 26,813 vehicles.

For the weekends in year 2004, the NJDOT traffic data show that the ADT for the
northbound of Route 9 was as follows: 13,924 passenger cars, 9,481 two-axle trucks (4-
Tire and 6-Tire), and 51 five-axle trailers. The AADT for weekends for the northbound of
Route 9 was 23,612 vehicles. Because no traffic counts were available from the NJDOT
for the southbound of Route 9, it was assumed that the traffic counts for the northbound

and the southbound were similar.

Therefore, a full closure of Route 9 in two directions will affect approximately a total of
53,626 vehicles daily for weekdays. A partial closure or individual lane closure will
affect a portion of that volume depending on the magnitude, the location, and the time of
the day of the partial closure. Table 3 summarizes the daily traffic data for US Route 9
northbound on weekdays and Table 4 summarizes the daily traffic data for US Route 9
northbound on weekends. Table 5 shows a summary of the average daily traffic volumes
for 2004 for Route 9 northbound only and 1-80.

The highway closure will incur additional daily costs to the trucks carrying goods along
US Route 9 in thousands of dollars per day. This would translate to added shipping costs
for goods transported to and from the region. The added shipping costs would in turn



affect the economic competitiveness for the goods produced in New Jersey and the
Northeastern region of the United States.

COST OF TRAFFIC DIVERSION AND ROAD REPAIR
Buried Pipes Perpendicular to Traffic (1-80 and Route 9)

For buried pipes that are perpendicular to traffic, removal and installation of a new buried
pipe system is most likely to result in full closure of traffic. Full closure of traffic on a
typical section on a typical day of 1-80 eastbound or westbound would require diverting
approximately 54,000 passenger vehicles, 25,000 two-axle trucks, and about 5,000 five-
axle trucks to alternate routes. It is estimated that a typical length of an alternate route
(detour) is about 10 miles. The cost of this traffic diversion from increased gas
consumption, additional driver and passenger commuting time, damaged goods, and
other interruptions, is estimated at $1,200,000 per day. The removal of the damaged
pavement and pipe materials and the excavation, installation of new pipe, and repaving
would require several days. It is estimated that the cost of removal of damaged pavement
and pipe materials, cleaning of the drains, and the installation of a new drainage pipe
system for a typical 100 ft length of the pipe is about $50,000 for the 24-in diameter pipe,
$60,000 for the 36-in diameter pipe, and $70,000 for the 48-in pipe. These estimates
include labor, equipment, and materials. The installation of a new pipe system includes
the cost of removal of damaged pipes and manholes, cleaning of the drains, installation of
a new pipe, new drains and manholes and repaving. The time needed to complete 100 ft
of pipe removal and installation with an accelerated schedule and with incentives is
estimated at five days assuming good weather conditions. Therefore the total estimated
cost for five days of traffic closure of 1-80 will be approximately $6 million in addition to

the installation costs.

For Route 9, the full closure of traffic on a typical section on a typical day of Route 9
northbound would require diverting approximately 15,000 passenger vehicles, 10,000

two-axle trucks and about 200 five-axle trucks to alternate routes. It is estimated that the



typical length of an alternate route (detour) is about 5 miles. Applying the same methods
of cost estimates used for 1-80, the full closure of Route 9 northbound will cost about
$700,000 per day and the total estimated cost for a five days of traffic closure is about
$3.5 million in addition to the installation costs. Similar cost estimates for full closure of
Route 9 southbound are to be expected. Cost estimates for full road closure and pipe
replacement for 1-80 and Route 9 are given in Table 6.

Buried Pipes Parallel to Traffic (1-80 and Route 9)

For buried pipes that are parallel to traffic, the damage of the buried pipe may or may not
result in pavement collapse. Whether the pavement over the pipe collapses or suffers
severe deformations, it is anticipated in this case that the damaged pavement is unlikely
to result in full closure of traffic. Rather, a partial closure of at least one lane will occur.
Closing one lane of traffic on 1-80, will not require alternate routes but will result in
significant traffic delays. The cost of these traffic delays resulting from increased gas
consumption, additional driver and passenger commuting time, more vehicle use,
damaged goods, and other interruptions, is estimated at about $400,000 per day. Closing
one lane of traffic on Route 9 will not require alternate routes but will result in significant
travel delays depending on the section of Route 9 where the traffic is interrupted. The
cost of this traffic delay resulting from increased gas consumption, additional driver and
passenger commuting time, damaged goods, and other interruptions, is estimated at about
$250,000 per day. The removal of the damaged pavement and pipe materials and the
excavation, installation of new pipe, and repaving would require five days. It is estimated
that the cost of removal of damaged pavement and pipe materials, cleaning of the drains,
and the installation of new drainage pipe system for a typical 100 ft length of the pipe is
about $50,000 for the 24-in diameter pipe, $60,000 for the 36-in diameter pipe, and
$70,000 for the 48-in pipe. These estimates include labor, equipment, and materials. The
installation of a new pipe system includes the cost of the removal of damaged pipes and
manholes, cleaning of the drains, installation of a new pipe, new drains and manholes and
repaving. The time needed to complete a 100 ft of pipe removal and installation with an
accelerated schedule and with incentives is estimated at five days assuming good weather



conditions. Therefore the total estimated cost for five days of one lane closure on 1-80
will be approximately $2 million in addition to the installation costs. On Route 9, the
total estimated cost for five days of one lane closure will be approximately $1.21 million
dollars in addition to installation costs. Cost estimates for partial road closure and pipe

replacement for 1-80 and Route 9 are given in Table 6.

CONCLUSIONS
Based on the results of this study, the following conclusions are made:

1. The loss of buried pipes perpendicular to the roadway surface resulted in roadway
subsidence and collapse in the vicinity of the pipe. For the typical roadway cross
sections analyzed in this study, namely, 1-80 and Route 9, the roadway subsided

and then collapsed under its own weight without application of any moving loads.

2. Analysis of the same typical sections for buried pipes perpendicular to traffic
using stronger soils showed that the roadway did not collapse under its own
weight but did collapse under moving vehicular loads. The stronger soil, under its
own weight, did not collapse but suffered excessive deformations.

3. The analysis showed that the same failure mechanisms (roadway collapse) were

observed for the 24-in, 36-in, and 48-in, pipe diameters evaluated in this study.

4. For the case where the pipes are parallel to traffic, the roadway surface suffered
excessive deformations under its own weight. Collapse was observed in several
cases under moving vehicular loads depending on the location of the moving load

and the roadway profile.

5. The total cost of road repair, a 36-in diameter pipe replacement, and traffic
diversion due to road closure for five days was approximately $6.06 million
dollars for 1-80 and $3.56 million dollars for Route 9.



6. The total cost of road repair, a 36-in diameter pipe replacement, and traffic delays

due to one lane closure for five days was approximately $2.06 million dollars for

1-80 and $1.21 million dollars for Route 9.
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Table 5. Average Daily Traffic for 2004 for US Route 9 and 1-80. (NJDOT, 2004)

) US Route 9 1-80
Vehicle Type and Travel Day NB SB* EB WEB
Auto Weekdays 14,702 - 47,692 59,937
Weekends 13,924 - 39,402 51,004
Two-Axle Weekdays 11,289 - 29,044 25,135
Weekends 9,481 - 21,230 18,272
Five-Axle Weekdays 208 - 3,496 4,239
Weekends 51 - 1,104 1,219
AADT Weekdays 26,813 - 83,916 92,714
Weekends 23,612 - 62,948 74,074
Total AADT (weekdays) 53626* 176,630
*  NJDOT traffic counts for Route 9 southbound were not available.
Northbound and southbound traffic counts were assumed similar.
NB = northbound, SB = southbound
Table 6. Approximate Costs of Road Closure and Pipe Replacement.
US Route 9 1-80
Item Full Closure | Partial Closure | Full Closure | Partial Closure

( Three Lanes)*

( One Lane)**

( Three Lanes)*

( One Lane)**

Cost of Damaged Pipe Removal and

Installation of New Pipe (36 in pipe) $60,000 $60,000 $60,000 $60,000
Cost Incurred due to Traffic Delays | o oy 500 | $1150000 | $6,000,000 | $2.000,000
and Traffic Diversion (5 days)
Total Cost $3.560,000 | $1.210000 | $6,060,000 | $2,060,000

* Full closure of traffic in one direction
** Partial closure (one lane) in one direction
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Figure 1. Traffic on 1-80 near Exit 38.



Figure 2. Traffic on US Route 9.
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Figure 3. Roadway section for 24-in diameter pipe.
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Figure 4. Roadway section for 36-in diameter pipe.
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Figure 5. Roadway section for 48-in diameter pipe.




o W W 74:/1"/[\ P -~
IS A S =17 1 ]
' i
| i
2 I
S |
l
|
||
A A
= ]
i 1.1
H I
i
|
|
l
|
|
Deformed mesh
(Step 66)
ey W I Pl
ot
_,IL

Figure 6. Progressive collapse of roadway surface for 24-in diameter buried pipe.
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Figure 7. Soil plastification (damage) for the 24-in diameter pipe.
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Figure 8. Vertical displacements in soil for 24-in diameter pipe.
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Figure 9. Vertical stresses in soil for 24-in diameter pipe.
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Figure 10. Soil plastification (damage) for the 36-in diameter pipe.



Figure 11. Vertical displacements in soil for 36-in diameter pipe.

Figure 12. Vertical stresses in soil for 36-in diameter pipe.
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Figure 13. Soil plastification (damage) for the 48-in diameter pipe.



Figure 14. Vertical displacements in soil for 48-in diameter pipe.

Figure 15. Vertical stresses in soil for 48-in diameter pipe.
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Figure 16. Typical program run screen showing log information that indicated the soil body collapsed.





