
CHAPTER 3

GROUND IMPROVEMENT NEAR EXISTING LIFELINES

3.1 INTRODUCTION

Ground improvement near existing lifelines requires special considerations (Glaser and
Chung, 1995) because of the following:

●

●

●

●

●

●

●

Work vibrations may damage lifeline, which could have very serious consequences;

Soil needing improvement is obstructed by the lifeline;

Scope of work is of large areal extent, yet may be limited to a narrow right-of-way;

Subsurface conditions will vary greatly along alignment;

Extent of treatment required to protect lifeline is not known;

Exact location and condition of buried utilities might not be known; and

Improvement might adversely affect regional hydrology.

3.2 PIPELINES

3.2.1 General

AND CONDUITS

Great care must be exercised in the planning and execution of ground improvement near
existing pipelines and conduits. The following recommendations by Gould et al. (1992) for
excavation work near utilities and buildings directly apply:

Before construction the designer and contractor should investigate available
utility records and prepare composite drawings showing all information
obtained from these records. The utilities should be identified on site to the
extent of painting their position on the pavement before construction. Test pits
should be dug to verify that critical utilities are in the location indicated.
Similar procedures should be followed for affected buildings. All existing
records of overhead, below grade and adjacent structures should be investigated
to determine the location and nature of foundations and the sensitivity of these
structures to ground movement.
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An existing condition survey and an optical survey of all utilities and buildings
should be performed prior to construction. The contractor relocating utilities
during construction should maintain an accurate record of the relocated position.
Background levels of noise and vibration should also be determined before the
start of work. The monitoring program should continue for a sufficient period
after construction to assure that the utilities and structures have stabilized and
that no further movements are occurring. At that time a final condition survey
is performed to establish that damages have not occurred to the structures and to
protect against damage claims.

In addition, shut off valves should be identified. For some utilities, such as gas lines, it is
advisable to temporarily shut down the section where ground improvement will be performed.

The sensitivity of pipelines to ground vibration and deformation depends on a number
of factors (Ford and Bratton, 1991; O’Rourke and Palmer, 1994) including joint type, material
type, age, diameter, thickness, internal pressure, and configuration. Pipe failures and leaks are
most likely to occur at pipe joints and connections. Joint types most vulnerable include
threaded, caulked, and oxy-acetylene welded. Some pipe materials, such as cast iron, are rigid
and can break if significant ground displacement occurs. Other pipe materials, such as ductile
iron and steel, are more flexible and less susceptible to structural breakage. Pipes of great age
are typically highly sensitive. Pipes located below the ground surface, illustrated in Figs. 3.1a
and 3.1 b, are more likely to develop compressive and tensile forces in response to ground
deformation than pipes located above the ground surface or mounted in conduits, illustrated in
Figs 3. lc, 3. ld, 3. le, 3.1 f and 3.1 g. Site pilot studies are highly recommended to verify that
the method selected for ground improvement will not damage the pipeline.

3.2.2 Case Studies of Ground Improvement Near Pipelines and Conduits

Reported case studies of ground improvement near pipelines and conduits are not
common. The two reported cases that the authors are aware of are reviewed below.

3.2.2.1 Containment Wall at Utility Crossings, Michigan

As reported by Gazaway and Jasperse (1992), jet grouting was used to construct
sections of a vertical containment wall, up to 7.3 m deep, where underground pipes and other
utilities crossed the barrier. A typical section is shown in Fig. 3.2. In areas unobstructed by
underground utilities, the barrier had been constructed by the slurry trench technique. Jet
grouting was used to join the wall since utilities could not be removed or disturbed. Based on
the results of a pilot study conducted at the site, the center-to-center spacing of the jet grouted
columns was conservatively specified at 0.6 m for most of the work. Grout pressures were set
at about 40 MPa. Drill rod rotation and withdrawal rates were set at about 1.3 r.p.m. and 0.4
mhnin, respectively. To ensure closure beneath the larger diameter (up to 1.2 m) pipes, much
slower rotation and withdrawal rates were used. Near the smaller and more fragile conduits,
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column spacings were tightened, and rotation and withdrawal rates were increased. Jet
pressures of about 35 MPawere used forafew shofiperiods intheimmediate vicinity of
particularly sensitive conduits. Approximately 53Osquare meters ofcontainment btier was
installed by jet grouting. The jetting action caused no detectable damage to any of the
underground utilities.

3.2.2.2 Settled Pipes at Waste Water Treatment Plant

A concrete effluent channel and three buried concrete pipelines connected to the
channel at a waste water treatment plant had settled as much as 190 mm within two years after
their construction (Scherer and Weiner, 1993), Joints in the pipelines had opened as a result of
the settlement. The diameters of the three pipes were 1.22, 1.52 and 2.13 m. It was concluded
that settlement was caused by consolidation of a thick lens of very soft organic silt and clay
beneath the channel. To avoid costly excavation, dewatering, and problems posed by other
utilities within the area, the concrete effluent channel was raised and supported with
hydraulically driven steel mini piles located on the interior of the channel. The buried pipes
were raised and supported with compaction grout piles.

As described by Scherer and Weiner (1993), compaction grout piles were installed on
each side of the concrete pipe at joint locations or intervals not exceeding 3 m. The grout piles
were designed to have a diameter of about 0.6 m and extend from the shale bedrock at elevation
-15.2 m to the bottom of the concrete pipe at elevation +2.7 m, as illustrated in Fig. 3.3. The
cutoff criteria for grout injection was set at a maximum pump pressure of 4 MPa, or when
unwanted pipe lift or ground heave occurred. Grout injection volumes for the initial piles were
only 0.023 ms per linear meter within a dense sand layer overlying bedrock. Thus, the tips of
subsequent grout piles were located in the dense sand, about elevation +12.2 m. Following the
construction of the vertical grout piles, grout was injected beneath the center of the concrete
pipe to lift the pipe, as depicted in Fig. 3.3. Finally, the interface between the vertical grout
columns and concrete pipe was filled with additional grout to establish positive support. A
total of fifty-two vertical and angle grout columns were installed.

3.2.3 Liquefaction Remediation

Conceptual diagrams showing various types of ground improvement near a buried
pipeline are presented in Fig. 3.4. These diagrams suggest that the pipeline could be protected
from subsidence and uplift using permeation or jet grouting. Horizontal ground movement
could be prevented by any one of the five low vibration ground improvement techniques
depending on the constrains summarized in Table 2.7. Compaction, permeation and jet
grouting are capable of improving soil conditions beneath the pipeline. However, compaction
grouting, Fig. 3.4c, may not sufficiently compact soils immediately adjacent to the pipeline.
The in situ soil mixing and drain pile techniques could be effectively employed a short distance
away, as depicted in Figs. 3 .4c and 3 .4d. The safe application distance depends on the
condition of the pipeline, and the level of disturbance generated by the technique.
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The extent of treatment is determined from seismic stability analyses, and depends on a

number of factors including soil properties, stratigraphy, ground slope, pipeline-ground failure

crossing angle, depth of pipe burial, piping configuration, and anchoring. Permeation grouting,

jet grouting, or in situ soil mixing are alternatives for work limited to a narrow right-of-way.

Jet grouting and in situ soil mixing maybe the most effective techniques for soils with a high

silt content. The ground water hydrology would be least affected by compaction grouting and

drain pile, since no continuous barrier is formed. However, drain piles may create serious

problems if applied in dams and areas of artesian pressure.

62

smartworlD.asia

Smartworld.asia Specworld.in

Smartzworld.com 4 jntuworldupdates.org



(e)

(b)

(d)

(g)

Fig. 3.1- Piping Configurations (Hall and O’Rourke, 1991).
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Fig. 3.2- Construction of Cutoff Wall at Utility Crossing by Jet Grouting (after Gazaway and

Jasperse, 1992).
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Fig. 3.3- Underpinning and Leveling Settled Pipe by Compaction Grouting (after Scherer and
Weiner, 1993).
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Fig. 3.4- Liquefaction Remediation Near Buried Pipeline By Combination of Ground
Improvement Techniques.
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3.3 TRANSPORTATION LINES

3.3.1 General

Great care is required in the planning and execution of ground improvement near

existing transportation lines, such as roadways and rail lines. Sometimes the flow of traffic can

be temporarily stop or divert. However, it may be required that the-work not cause serious

damage to the roadway or rail line so that traffic flow can resume. Site pilot studies should be

conducted to verify that ground improvement will not cause damage.

3.3.2 Case Studies of Ground Improvement Near Transportation Lines

Reported case studies of ground improvement near transportation lines are not common.

Four cases involving a highway viaduct, two rail lines, and an airport runway are reviewed in

following paragraphs.

3.3.2.1 Highway Viaduct, San Diego

From the report by Jackura and Abghari (1994), the 1-805 viaduct crossing the San

Diego River, California, is about 36 m high and 1500 m long. It is a cast-in-place, prestressed

box girder design constructed in 1972. A simplified cross section showing the viaduct and

foundation soils is presented in Fig. 3.5. The soil profile consists of O to 6 m of well

compacted fill, underlain by 18 m of natural sand and gravel with interbedded layers of silt.

Corrected SPT blow counts, (N 1)60, in the upper 8 m of natural sand and gravel range from 6 to
59. It was determined that liquefaction would occur in the upper 5 m of natural sand and gravel

by a peak ground surface acceleration as low as 0.2 g. Estimates of possible horizontal ground

displacement ranged from 1.4 to 4.5 m, well above the maximum tolerable value of 0.8 m.

An underground buttress composed of stone columns was considered the most

economical alternative, and permanent dewatering the next best alternative. The buttress was

constructed between Bents 9 and 10 at the toe of the steepest ground slope, as depicted in Fig.

3.5. The width of the buttress, 15 m, was determined from seismic slope stability analyses

assuming an internal friction angle of 390 for the stone columns, and a minimum residual

strength of 1.44 lcl?a for the liquefiable soil. Right-of-way restrictions limited the length of the

buttress to roughly 85 m.

While stone column (vibro-replacement) in not one of the five low vibration techniques,
this case illustrates the application of other techniques when soil needing improvement is not

obstructed by the lifeline and when work vibration will not cause damage. One approach to

reducing near-surface vibration has been to pre-auger to the problem soil, and then lower the

vibratory probe down the augered hole before applying the vibro-replacement technique.
According to Baez (1995), the pre-auger approach has permitted ground improvement by
vibro-replacement to within 3 m of many near-surface lifelines.

66

smartworlD.asia

Smartworld.asia Specworld.in

Smartzworld.com 8 jntuworldupdates.org



3.3.2.2 Settled Railroad Embankment, Georgia

A section of rail line in northern Georgia passed through a sinkhole prone area (Brill
and Hussin, 1992). The rail line had been repaired a number of times by dumping ballast into
the depressions to maintain the grade. However, sinkholes continued to develop at an increased
rate. Rail traffic had to be slowed from 100 km per hour to less than 20 km per hour, and a
watchman was assigned to patrol a 600-m-long section of track 24 hours a day.

As reported by Brill and Hussin (1992), compaction grouting was used to remediate
conditions beneath the rail line. Grout holes were drilled at an angle from the eastern edge of
the embankment 1.5 m into bedrock, as depicted in Fig. 3.6. The holes traversed the dip of the
limestone bedrock, thereby enhancing the compaction process. Primary grout holes were
spaced on 6 m centers, with injection volumes set at 7.5 ms per linear meter of casing for the
first 0.9 m above rock, and 5 ms per linear meter in the soft/loose soil. These volumes were
generally achieved. Secondary grout holes split the primary holes, with injection volumes set
at 7.5 ms per linear meter for first 0.3 m above bedrock, 2.5 ma per linear meter for next 0.6 m,
and 1.2 ma per linear meter in softiloose soil. However, ground heave at the surface was
typically observed before these target volumes were reached. When secondary injections
seemed insufficient, tertiary grouting was performed between the secondary holes. A total of
1326 ms of grout was injected into 88 holes, Since the completion of the grouting program,
settlement of the ground beneath the tracks has stopped and trains have been able to resume
their regular speeds without a watchman.

3.3.2.3 Tunnel Construction Beneath Rail Line, Switzerland

A new underpass was to be constructed beneath a busy rail line that separates the town
of Fluelen from Lake Uri (Steiner et al., 1992). The upper 3 m of soil below the railroad
embankment consisted of gravel and cobble fill. The fill was underlain by wood and stone
rubble, remnants of a former boat landing facility. Below the rubble, fluvial and lacustrine
deposits were interfingered ranging from silt to gravel. These natural soils were characterized
by SPT blow counts between 1 and 10. The ground water table was located close to the surface
and was in direct contact with the lake. Two cut-off walls were needed to make dewatering
effective and prevent excessive settlement beneath the tracks.

As reported by Steiner et al. (1992), jet grouting was used to construct the two cut-off
walls. It was determined from a pilot study that columns with diameters of 1.5 m and 1.2 m
could be constructed with the double jet system and single jet system, respectively. The double
jet system, i.e. grout jet shrouded with air, was used to constructed columns with dip greater
than 200. The single jet system, which uses no air, was used for the flatter columns. Each wall
consisted of three rows of columns. The general arrangement columns for one row is shown in
Fig. 3.7. The outer row was constructed first, and the central row was constructed last with the
axes of columns shifted so that they were positioned between the outer and inner columns.
Cores taken from
between columns.

two borings drilled through the final wall revealed no evidence of joints
Core specimens after 28 days exhibited an unconfined compressive strength
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between 6 and 10 MPa. During the two months of jet grouting work, the tracks underwent 4

mm of settlement, about the same rate observed before the work started. Measured settlement

during excavation of the underpass was about 3 mm.

3.3.2.4 Tunnel Construction Beneath Airport Runway, Japan

A 70-m-wide unde~ass for vehicles was planned beneath a functioning airport runway

in Japan (Ichihashi et al., 1992). The runway had been built on top of a concrete slab supported

by steel sheet piles, as depicted in Fig. 3.8. However, not all sheet piles extended to the bearing

layer and some underpinning was necessary to support the excavation. The excavation would

require dewatering, which could also cause settlement. It was determined that settlement and

heave to the runway could not exceed 50 mm.

As reported by Ichihashi et al. (1992), jet grouting was used to form soil-cement piles

that extend to the bearing layer, and cut-off walls to prevent lowering of the water level outside

the excavation. Since the soil could be improved by jet grouting through chill holes less than

220 mm in diameter, minimal damage occurred to the runway. To prevent settlement, a steel

guide casing was first installed down to the top of the zone to be grouted, as illustrated in Fig.

3.9. The grout pipe was then lowered down through the guide casing and advanced to the final

depth, 2 m into the bearing layer. A tank containing a sand pump was attached to the casing

guide at the ground surface to prevent waste slurry from flowing onto the runway. A triple jet

system was used. Grout injection pressures varied between 30 and 40 MPa. Air injection

pressures varied between 0.6 and 0.7 MPa. The drill rod was withdrawn at a rate between 50
and 100 mrn/min. During the excavation of the tunnel, measured settlement and heave of the

runway surface was less than 3 mm.

3.4 SUMMARY

Upon reviewing the available cases of ground improvement near existing lifelines, one

quickly becomes aware that very little has been gathered on the subject. Nevertheless, limited

case studies showed that with great care and depending on their nature and condition

permeation and jet grouting could improve soil conditions immediately adjacent to lifelines.

Compaction grouting could be applied beneath lifelines, but may not sufficiently compact soils

immediately adjacent to them, The in situ soil mixing and drain pile techniques could be

effectively employed a short distance away from lifelines. Beyond a certain distance, other less

expensive ground improvement techniques, such as vibro-compaction and vibro-replacement,

could be used. A combination of techniques may provide the most cost-effective ground

improvement solution,
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Fig. 3.5-
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@Failure Plane 1
(before modification)
Safety Factor* <0.5

@ Failure Plane2
(after modification)
Safety Factor* = 1.8

*For dkdacement

o 20 m less than 0.3 m.

Cross Section of the 1-805 Viaduct Near the San Diego River Showing the
Generalized Soil and Underground Stone Column Buttress to Prevent Liquefaction-
Induced Lateral Spreading (after Jackura and Abghari, 1994).
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Fig. 3.6- Remediation of Settled Rail Line in
and Hussin, 1992).

Sinkhole Area by Compaction Grouting (kill
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Fig. 3.7- Excavation Support and Seepage Control by Jet Grouting Beneath Existing Rail Line
(Steiner et al., 1992).
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Fig. 3.8- Excavation Support and Seepage Control by Jet Grouting Beneath Existing Airport
Runway (Ichihashi et al., 1992).
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Fig. 3.9- Configuration of Guide Casing and Waste Slurry Recovery System Used During Jet
Grouting Beneath an Existing Airport Runway (Ichihashi et al., 1992).
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