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Part of the Oakwood Beach Interceptor 
Project for the New York City Depart
ment of Environmental Protection 

(NYCDEP) required the use of a remotely con
trolled system consisting of a microtunneling 
machine and hydraulic jacks in order to install 
fiber glass sewer pipe. The use of this pipe jack
ing system and the use of the fiber glass pipe 
are relatively new in the United States. How
ever, many owners, engineers and contractors 
consider this approach to be a preferable alter
native for constructing sewers, especially in 
urban areas. This preference is due to the avail-

ability of microtunneling machines suitable for 
all types of soils and the elimination of disrup
tion and destruction that is generally associated 
with the traditional open cut method. · 

Briefly, the technique of pipe jacking consists 
of tunneling or boring a hole by utilizing a 
microtunneling machine and jacking a string of 
pipes with the help of hydraulic jacks. The 
microtunneling machine and jacks are re
motely operated by a single operator from a 
control panel located at the surface. The main 
jacks are located at the bottom of a jacking pit 
and, if required, intermediate jacks are located 
alQng the pipe string. · 

This method of pipe jacking was success
fully employed on a segment, designated as 
Contract 6B-2, of the Oakwood Beach Intercep
tor Sewer Project in Staten Island, New York, 
where a remotely controlled, fully automatic, 
mechanically balanced slurry shield tunneling 
machine was utilized. The entire Oakwood 
Beach Interceptor Sewer Project entails the con
struction of two pump stations and approxi
mately eight miles of sewer, six miles of which 
are underneath Hylan Boulevard. The comple
tion of the project will end the current disposal 
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FIGURE 1. Project alignment and contract site. 

of 1.5 million gallons per day (mgd) of raw 
sewage into Raritan Bay and will accept, in the 
future, a total design flow of 36 mgd. Figure 1 ' 
presents the entire project alignment and the 
segment covered under the contract. 

The contract work included the construction 
of 6,900 feet of four-foot diameter interceptor 
sewer either by conventional tunneling or by 
the direct pipe jacking method. The work also 
included twelve deep manholes. The contrac-
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tor opted to jack a 60-inch diameter fiber glass 
pipe. The sewer under the contract begins at the 
Richmond Avenue Pumping Station and runs 
west along Hylan Boulevard and ends at 
Poillon Avenue, thus forming the first reach of 
the West Branch Interceptor of the Oakwood 
Beach Water Pollution Control Project, WP-136. 
The sewer is located 65 to 92 feet below Hylan 
Boulevard, which is a heavily traveled thor
oughfare. 
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FIGURE 2. Physiographic provinces of Staten Island and New Jersey. 

Site Geology 

The project site is located within the Atlantic 
Coastal Plain Physiographic Province as 
shown in Figure 2. In the general vicinity of the 
project site, the coastal plain sediments are 

overlain by Pleistocene glacial deposits. Parts 
of the plain were repeatedly exposed and sub~ 
merged throughout the Tertiary period. 

The coastal plain deposits at the project site 
belong to the Upper Cretaceous Raritan Forma
tion, which is a fluvial deposit consisting of 
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FIGURE 3. Geological map of Staten Island. 

light colored sands and clays. The Raritan For
mation is disconformably overlain by the Mag
othy Formation, which was deposited in a 
coastal environment during the late Cretaceous 

10 CIVIL ENGINEERING PRACTICE SPRING 1992 

2 Miles 

Atlantic Ocean 

~ Beach Deposits 

~- Organic Sediments 

~t~f Terminal Moraine (Till) 

Cretaceous Deposits 

ss Palisades Diabase 

111 f Newark Group (Triassic) 

~ "f. 
1 Serpentine 

1/" ~ Manhattan Schist 

times and comprised of interstratified dark 
clays and light colored sands, and varved clays. 

The surficial deposits in the site area are from 
the Pleistocene and Holocene. The Pleistocene 



epoch is characterized by several stages of con
tinental glacial advance, the latest of which was 
the Wisconsin stage about 85,000 years ago. The 
natural forces associated with the glaciation 
caused considerable erosion in areas that were 
overridden by glacier and rapid deposition at 
glacial margins. The terminal moraine that rep
resents the limit of the Wisconsin stage glacia
tion crosses Staten Island and lies above the 
coastal plain deposits. The approximate extent 
of terminal moraine in the project area is pre
sented in Figure 3. 

The terminal moraine is composed of till, an 
unsorted (well graded) sediment containing 
particles that range in size from boulders to 
clay. The moraines in the project area are up to 
75 feet thick. During the glacial retreat, a signif- · 
icant number of outwash deposits were laid 
down in the vicinity of the site. These deposits 
tend to be more sorted (uniform) than till de
posits. 

The retreat of the Wisconsin ice sheet 
marked the end of the Pleistocene epoch and 
the beginning of the Holocene epoch during 
which surficial deposits of organic silts and 
clays, as well as beach and dune sands, were 
laid. The bedrock underlying the site is deeper 
than 200 feet. 

Subsurface Soil Conditions & 
Their Engineering Characteristics 
Prior to the preparation of contract documents 
by the NYCDEP, a geotechnical report was pre
pared by the department's geotechnical consul
tant based on more than 600 borings and a 
number of in situ field and laboratory tests. The 
report described the subsurface conditions and 
provided geological profiles. A plan view and 
simplified soil profile along the interceptor 
sewer alignment is presented in Figure 4. 

For clarity of presentation, materials en
countered in the borings have been grouped 
into three major geological stratum designa
tions: glacial (G), Cretaceous (C), and organic 
(0) soils. Each of the major designations is sub
divided into groups of strata with the same 
geological origin, but with significantly differ
ent grain size distributions. The detail descrip
tion of each stratum is provided in Figure 4. 
The profile shows glacial and Cretaceous soil 
types and groundwater levels encountered at 

each shaft location and along the tunnel align
ment. 

The stratifications suggest that a basin of 
Cretaceous soils existed that, at one time, ex
tended up to and probably above el. +35. This 
basin was subsequently eroded and filled in 
with G2 glacial outwash that was followed by 
the Gl till of the terminal moraine. 

The soils along the sewer alignment are gen
erally dense to very dense. Standard penetra
tion values for these soils average 30 blows per 
foot (and range from four to 100 blows per 
foot). 

The invert of the interceptor ranges from 65 
to 92 feet below the ground surface along Hylan 
Boulevard and approximately 30 to 50 feet 
below the measured groundwater levels. Nor
mal groundwater appears to be at, or slightly 
below, the sea level. 

The majority of the field and laboratory tests 
performed on the glacial and Cretaceous soils 
consisted of grain size analyses, Atterberg Lim
its and the determination of permeability: The 
range of grain sizes of these soils is presented 
in Figure 5. The anticipated behaviorc).l charac
teristics of site soils during tunneling is de
scribed in Table 1. For pipe jacking purposes, a 
detailed soil profile (including groundwater 
levels and anticipated soil behavior during 
jacking) is essential to determine the length of 
each pipe drive. 

Shaft/Manhole Construction 
As noted, the contract included the construc
tion of twelve manholes, from 11.5 to 15.5 feet 
outside diameter to a depth of 65 to 92 feet. The 
manholes were located at each point of inter
section along the sewer alignment and at points 
where the interceptor will receive future sewer 
connections. Moreover, the manholes were lo
cated in such a manner that their distance 
would be within a reasonable jacking range of 
600 to 800 feet. Figure 4 shows the sewer align
ment and manhole locations. The jacking dis
tance is a function of pipe size, maximum avail
able jacking thrtist, laser beam capacity and soil 
pipe friction, etc. 

The contractor selected shafts at four man
hole sites as jacking pits and the remaining 
manholes as receiving pits. The jacking pits 
were designed as rectangular shafts and the 

CIVIL ENGINEERING PRACTICE SPRING 1992 11 



? 
Cl) 

~ 
C: 
,Q -"' > 
Cl) 

i:u 

40 

30 

20 

10 

0 

-1 o' 

-20 

-30 

-40 

-so' 

-60 

-70 

-80; 

ai RP 
~ 1 
-o-' 
C: ~2 
~ jp 

..c: 
u 

c2 

JP Jacking Pit 

RP Receiving Pit 

3 Manhole Location & Number 
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C2 

N Standard Penetration Resistance 
Number of blows from 140-lb hammer 
free falling 30 in, required to drive 
2 in outside diameter split spoon 
sampler 12 in 

G Glacial Soils 

C Cretaceous Soils 

G1 Red-brown coarse to fine sand and/or gravel; 10 to 
15 percent silt/clay, occasional to frequent layers 
of silt/clay or clean sand; may contain nests of 
cobbles and/or boulders. SC, SM, SP-SM, GC, GM, 
GP-GM, SW-SM. N range = 4 to> 100, N average 
=> 25 

G2 Red-brown coarse to fine sand; 1 to 10 percent 
silt/clay, 1 to 35 percent coarse to fine gravel, 
occasional to frequent layers or pockets of_ 
silt/clay; may contain nests of cobbles and/or 
boulders. SP, SP-SM, SW-SM. N range= 4 to> 
100, N average=> 30 

G2A Red-brown coarse to fine gravel and/or sand; 1 to 
10 percent silt/clay, 35 to 100 percent gravel, 
occasional layers or pockets of silt/clay; may 
contain nests of cobbles and/or boulders. GP, 
GW, SP, SP-SM, SW-SM, GP-GM. N range= 4 to 
> 100, N average=> 30 

G3 Red-brown silt and/or clay; 1 to 50 percent 
· coarse to fine sand, occasional layers or pockets 

of clean sand; occasional organic inclusions, 
occasional cobbles. ML, CL, MH, CH, ML-CL. 
N range = 3 to 50, N average => 30 

C1 Light gray. tan or pink medium to fine sand; 10 to 
50 percent silt/clay, often micaceous; occasional 
layers or pockets of clean sand. SM, SC, SP-SM. 
N range= 6 to > 100, N average> 30 

C2 Light gray. tan or pink medium to fine sand; 1 to 
10 percent si It/clay, often micaceous; occasional 
layers or pockets of silt/clay. SP, SP-SM. 
N range = 6 to> 100, N average=> 40 

C3 Light gray and tan to dark gray silt and/or clay; 1 
to 50 percent fine sand, occasionally micaceous; 
occasionally slightly organic; occasional layers of 
fine sand. ML, CL, CL-OL. N range= 8 to 100, 
N average=> 30 

FIGURE 4. Subsurface profile along the sewer alignment. 
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FIGURE 5. Grain size curves for glacial and Cretaceous soils. 

receiving pits as circular shafts in order to min
imize shaft excavation and backfilling. The 
length of the tunneling machine, the length of 
the fully extended jacks and the length of each 
pipe section determined the size of the jacking 
and receiving pits. To accommodate the jacking 

equipment, the jacking pits were made larger 
than receiving pits. This difference in size pre
cluded using the receiving pit for one pipe 
drive as the jacking pit for the next segment. 
However, the contractor had planned to con
vert, if necessary, any receiving pit into a jack-
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TABLE 1 
Summary of Anticipated Behavioral Characteristics of the Site Soils 

Percent Fines 
Stratum Unified Soil Passing No. Percent 
Designation Class Symbols 200 Sieve Gravel 

Glacial Soils 

G1 SC, SM, SP-SM 1010 so Up to 90 
GM,GC 

G2 SP, SP-SM, Upto 10 Up to 35 
SW-SM 

G2A GP, GW,SP, Upto 10 Upto 100 
SP-SM, GP-GM 

G3 CL, ML, ML, > so Up to 50 
CL, CL-OL 

Cretaceous Soils 

C1 SC, SM, SP-SM 10 to SO <10 

C2 SP, SP-SM Up to 10 <10 

C3 CL, ML, ML, CL, >50 <10 
CL-OL 

Organic Soils 

01 CH-OH; OH, Ol, >50 
PT 

ing pit by constructing a tail tunnel to house the 
jacking equipment. A contract stipulation to 
maintain at least one 14-foot wide traffic lane in 
each direction on the boulevard above also con
trolled the size of each shaft. The size of each 
shaft, its excavation support system and other 
pertinent data are summarized in Table 2. Typ
ical photographs showing shaft construction 
are presented in Figures 6 and 7. 

The excavation was carried out with a com-
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Anticipated 
Anticipated Anticipated Behavior 
Cobbles & Behavior Below Dewatered or With 
Boulders Water Table Compressed Air 

Frequent, may Slowly raveling to Good, firm to 
contain nests cohesive running slowly raveling; 

cobbles & boulders 
may not impact 
stand-up time, fines 
content; 30 min. to 
1 day stand-up time 

Frequent, may Cohesive running to Rapidly raveling; 
contain nests flowing; less than 5 cobbles & boulders 

min. stand-up time will reduce stand-up 
time 

Frequent, may Flowing; no stand-up Running; no 
contain nests time stand-up time 

Frequent, may Slow to rapidly Firm; good stand-up 
contain nests raveling; will vary with time 

number of sand layers 
& stratum thickness; 
confined sand pockets 
may/low 

Only at Flowing to slowly Good; slowly to 
glacial contact raveling, depending on rapidly raveling, 

fines content; no except isolated sand 
stand-up time if under pockets; low 
full head stand-up time 

Only at Flowing; no stand-up Cohesive running to 
glacial contact time; high blows do rapidly raveling; 

not mean intergranular stand-up time Oto 4 
strength hours 

Only at Firm, but occurs Firm; good stand-up 
glacial contact mainly as thin layers time 

Only at Squeezing; low Slowing squeezing 
glacial contact stand-up time; stability to slowly raveling; 

factor of 5 to 17, stability factor< 4 
depending on shear with adequate air 
strength pressure 

bination of equipment that included an excava
tor, clam shell bucket and hand excavation. 
Typical shaft excavation also included pave
ment breaking with a hoe ram and the construc
tion of a circular concrete collar around the liner 
plate shaft. 

In instances where shafts were supported 
with soldier piles and timber lagging or steel 
sheet piling, excavation was carried out to ap
proximately two feet below each tier of steel 



TABLE 2 
Shaft Construction Data 

Distance Completed 
Between Shaft Shaft Manhole 

Manhole Manholes Size Depth Shaft Diameter 
Number (feet) (feet) (feet) Excavation Support Used as 

. 
Dewatering Size (feet) 

209 18 (dia.) 82 Steel Liner Plates & Ribs Receiving Pit 13.33 

2 615 22 X 32 82 Soldier Piles & Timber Lagging Jacking Pit 12.00 

3 514 18 (dia.) 95 Steel Liner Plates & Ribs 13.33 

4 595 18 (dia.) 85 Soldier Piles & Timber Lagging; Receiving Pit 
Deep Wells 

13.33 Around 
Steel Liner Plates & Ribs; .. Shaft 
Interlocking Steel Sheet Piling Perimeter 

5 899 22 X 32 76 Soldier Piles & Timber Lagging Jacking Pit & Sumps 12.00 
Inside the 

6 571 18 (dia.) 78 Steel Liner Plates & Ribs; Shafts 13.33 
Interlocking Steel Sheet Piling 

.. 
7 866 24 X 35 80 Interlocking Steel Sheet Piling Jacking Pit 12.00 

8 470 18 (dia.) 74 Steel Liner Plates & Ribs 13.33 

9 492 21 (dia.) 72 Steel Liner Plates & Ribs Receiving Pit 13.33 

10 590 31 (dia.) 70 Steel Liner Plates & Ribs; Jacking Pit 12.00 
Interlocking Steel Sheet Piling 

.. 
11 498 21 {dia.) 74 Steel Liner Plates & Ribs; 13.33 

Interlocking Steel Sheet Piling 
.. 

12'" 476 21 {dia.) 81 Steel Liner Plates & Ribs 

13§ Not Part of Contract Work Receiving Pit 

Notes: • Shafts not noted as jacking or receiving were excavated after the pipe was jacked through. 
" Interlocking sheet piling was used at the lower level of the manhole. 
"' Manhole 12 was eliminated from contract work. 
§ Manhole 13 was completed by others under the contract. 

bracing and various elements of the bracing 
system were installed. This process was re
peated until the shaft was excavated to the 
required subgrade. The timber lagging was 
packed with hay to fill any over excavation and 
to provide a filter medium for the groundwater 
infiltrating into the shaft. This method was ef
fective at most of the shafts except at Shaft 5 
where the timber lagging was lined with filter 
fabric that was anchored to the lagging with the 
help of extruded metal wire-mesh sheets. The 
filter fabric minimized the loss of fine soil 
particles where persistent infiltration of 
groundwater occurred into the shaft. 

with cementitious grout at low pressure in 
order to avoid the clogging of nearby dewater
ing wells. 

The excavation for some shafts required the 
installation of liner plates as the excavation 
progressed. After the plates were installed, steel 
ribs were placed in the shafts. The over excava
tion was packed with hay behind the liner 
plates and the void was periodically grouted 

A dewatering system of four to five deep 
wells outside the shaft, and one or two wells or 
sumps inside the shaft, was required at each 
shaft in order to facilitate the shaft excavation. 
However, dewatering was a very difficult part 
of this project. 

With the exception of Shafts 2 and 3, all shaft 
excavations were seriously hampered by the 
persistent infiltration of groundwater into the 
shafts at the interface of the G2 and C2 stratum. 
The inflow of groundwater washed in soil 
fines, which resulted in significant ground loss, 
especially at Shafts 5 and 4A. 

Numerous groundwater control measures 
- such as chemical grouting, a grout curtain 
wall, interlocking steel sheet piling, dewatering 
wells and sumps inside the shafts - were em-
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FIGURE 6. A view of a typical circular shaft and manhole construction. 

FIGURE 7. A view of a typical rectangular shaft serving as a jacking pit. 
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FIGURE 8. Fiber glass pipe with bell and spigot ends. 

ployed to overcome the dewatering difficulties. 
These efforts delayed the project completion. 

Fiber Glass Pipe Design Approach 
The contract documents specified the use of 
reinforced concrete sewer pipes; However, the 
contractor believed that the use of compara
tively high strength and high quality fiber glass 
pipe, coupled with installation via the remotely 
controlled direct pipe jacking method, offered 
an economical and innovative approach not 
only for this project, but also for future projects., 
The contractor believed that the use of fiber 
glass pipe would maximize the jacking dis
tance for each pipe drive and minimize the 
number of intermediate jacking stations. 

According to the pipe manufacturer, the fol
lowing inherent qualities of fiber glass pipe 
make it preferable for direct pipe jacking: 

• Its high strength reduces pipe wall thick
ness or allows higher jacking loads 

• Its light weight makes the pipe easy to 
handle 

• Pipe smoothness offers low surface fric
tion and requires low lubricant pressure, 
resulting in comparatively low installa-

tion cost 
• High quality control provides a better fit 

between two pipes, thus reducing jacking 
stresses 

• Low Manning's coefficient increases flow 
capacity and reduces the size of the pipe 
required for a given flow 

In essence, these factors determine the size of 
the jacks, the thickness of the pipe wall, the 
number of intermediate jacking stations and 
the lubricant pressure. Normally, the outside 
diameter of the pipe required is smaller than 
concrete pipe, which results in less excavation 
and hauling of excavated material. 

The contract documents required a 60-inch 
diameter pipe for direct jacking. The thickness 
of the pipe wall was based on the jacking thrust, 
which in turn was based on the jacking distance 
and the number of intermediate jacking sta
tions that were anticipated. Fiber glass pipe 
photos are shown in Figures 8 and 9. Figure 10 
presents a schematic of the joint details. The 
pipe dimensions were as follows: 

• Outside diameter: 62.9 inches 
• Inside diameter: 57.5 inches 
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FIGURE 9. A typical fiber glass pipe section with grout plug. 
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FIGURE 11. A schematic of the cutter head 
assembly. 

• Wall thickness: 2.7 inches 
• Length/ section: 10.0 feet 
• Weight/ foot: 385 lbs 

The Microtunneling Machine & 
The Pipe Jacking System 
This project utilized a remotely controlled 
microtunneling machine as shown in Figures 
11 and 12. It is basically a mechanically bal
anced slurry shield tunneling machine with a 
built-in cone crusher and cutter head in the 
front. The crusher can cope with any hard 
ground, including cobbles, gravels and boul
ders that are no larger than 30 percent of its 
outside diameter. The crusher converts the ex
cavated material into small particles so that the 
material can be transported in slurry form from 
the face of the tunnel to the slurry separation 
tanks at the surface. 

The crusher structure consists of an outer 
frame with a conical inner surface and a cone
shaped rotor to which a spoke-type cutter head 
is attached. The rotor spins eccentrically with 
respect to the center of the shield. The axial 
jacking thrust forces the excavated material 
into the slurry chamber. As larger particles 
travel through the decreasing space between 
the conical liner surface of the outer frame and 
the cone-shaped rotor, the larger particles are 
crushed into smaller and smaller particles and 
are eventually mixed and transported as slurry 
with other fine particles. This excavated mate
rial is pumped to a series of slurry separation 

FIGURE 12. A view of the pipe jacking ma
chine showing the cutter head. 

tanks at the surface, where the suspended sol
ids settle to the bottom of the tanks. These tanks 
are periodically emptied while the slurry is 
continuously circulated between the tunnel 
face and the tanks. 

The rear of the tunneling machine is 
equipped with numerous gauges and a laser 
target. These instruments are continuously 
monitored by a remote TV camera or a sensi
tized board that transmits readings to the oper
ator at the control panel located at the surface. 
The schematic of the tunneling machine and 
pipe jacking system is shown in Figure 13. 

The Microtunneling Machine. The machine's 
shield includes: 

• an electrically rotated cone stone crusher 
powered by electric motors; 

• hydraulic steering rams; and, 
• an instrument panel showing machine 

functions and guidance information (all 
of which are transmitted to the operation 
console station by a remote TV camera). 

The machine automatically counterbalances 
earth and water pressures at the tunnel face by 
mechanically coordinating excavation speed, 
cutting face pressures and jacking thrust, as 
well as by adjusting slurry pressure. 

Hydraulic Jacks. The hydraulic jack system 
consists· of four fully automatic, two-stage 
thrust jacks that can push long pipes in one 
action without stopping. An instrument dis
play on its control panel provides information 
on the cylinder speed, thrust, jack stroke and 
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FIGURE 13. Schematic diagram of the pipe jacking machine. 

the number of pipes driven, thus minimizing 
manpower requirements at the job site. 

The Slurry Circulation System. The circulation 
system is basically designed to balance or coun
teract the pressures exerted at the tunnel head
ing and to have sufficient flow velocity to pre
vent sedimentation of the excavated material in 
the slurry return hoses. The slurry pressure is 
maintained slightly higher than the hydraulic 
pressure at the cutting face. These design re
quirements are accomplished by using and 
controlling the slurry charging and discharging 
pumps and related valves, a pit by-pass unit 
and a magnetic flowmeter. The signals from 
these units are automatically transmitted to the 
control panel. 

Soil Separation Equipment. The slurry and ex
cavated soil from the tunnel face is transported 
to a series of settlement tanks at the surface 
where the excavated material is separated from 
the slurry before it is returned to the tunnel face. 
Since the excavated material is mostly granular, 
it can be easily settled to the bottom of the 
tanks, thus eliminating any need for decanting 
or drying in order to form a sludge. 
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Operation Console Panel. The operation con
sole panel is an electronic display panel from 
which all the machine functions, such as steer
ing, tunnel line and grade, slurry pressure, flow 
rates, etc., are controlled by one operator. 

System Installation & Operation 
Pipe jacking system installation included set
ting up the hydraulic jacks and the control 
panel, as well as the lowering of the tunneling 
shield, as shown in Figures 14 and 15. The 
jacking operation of the system consisted of 
pushing a string of pipe as the tunneling machine 
made a bore hole and the excavated material 
was transported in a slurry form to the surface. 

The installation of four hydraulic jacks with 
a total jacking capacity of 880 tons was pre
ceded by: 

• the construction of a reinforced concrete 
working mat in the shaft invert with pro
vision for a sump pump; 

• the pouring of concrete for the thrust wall; 
• placement of floor beams and guide rails; 

and, 



FIGURE 14. A view of the pipe jacking components, showing the push ring, hydraulic jacks, 
the thrust block and the placing of the fiber glass pipe for jacking. 

FIGURE 15. A view of pipe jacking in progress, showing fully extended jacks, the fiber glass 
pipe and the slurry recirculation system. 
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FIGURE 16. Typical setup of tunnel shield, entrance ring and slurry lines. 

• control panel set-up and all necessary 
electrical and mechanical hookups .. 

The slurry charge and discharge lines, recharge 
and discharge pumps, including slurry by-pass 
lines, were also installed (see Figure 13). The 
tunneling shield was lowered into the jacking 
shaft. 

Based on the total length of each pipe drive 
and the type of soil anticipated, the use of inter
mediate jacking stations (IJSs) at an average 
distance of 250 to 300 feet was contemplated. 
An IJS consisted of a steel sleeve equipped with 
sixteen 55-ton jacks. The use of IJSs required 
specially machined pipe so that the outside 
diameter of the sleeve would be same as the 
regular pipe to minimize jacking thrusts. 

The difficulties experienced in effectively 
dewatering the shafts required extensive grout
ing of the tunnel portal prior to the jacking of 
the shield. A chemical grout or cementitious 
grout was injected behind the timber lagging or 
liner plates in order to stabilize the ground 
around the eye of the tunnel. The grouting was 
generally effective with some loss of ground at 
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the time of the breaking away for each pipe 
drive. 

The cutting of timber lagging or steel liner 
plates, installation of an entrance ring with a 
heavy neoprene gasket and the pushing of the 
cutter head into the portal were mostly routine 
procedures that were performed without any 
significant events (see Figure 16). The shield 
was jacked into the portal after the slurry circu
lation system was primed with water and the 
operation of the rotor arm started to excavate 
at the tunnel face and force the excavated ma
terial into the slurry recirculation system. The 
first section of pipe was lowered into position 
while fully extended hydraulic jacks completed 
the jacking of the shield into the ground. After 
this point, the jacking procedure was repeated 
as a cycle with continuous monitoring of the 
jacking pressure, the rate of excavation, the 
slurry flow rate, the pressure at the tunnel face, 
etc. Moreover, the line and grade were also 
continuously monitored with the help of the 
control monitor that was manned by a single 
operator at the surface (see Figure 17). 

Based on the soil data and the interpretation 



FIGURE 17. A view of the operation console panel. 

of the above data, necessary changes were 
made in the jacking pressure, slurry flow rate 
and face pressure. All these data were recorded 
on a daily log. The shield was steered right or 
leftto maintain alignment and up or down for 
grade. 

A steel push ring was placed between the 
first section of pipe and jacks in order to evenly 
distribute the jacking thrust on the pipei there
after a 0.375- to 0.5-inch thick plywood ring was 
placed between the pipes in order to evenly 
distribute the longitudinal thrust at each pipe 
joint. The longitudinal thrust compressed the 
plywood rings to approximately 0.25 to 0.375 
inch. 

As a string of pipeline was being jacked, a 
lubricant - bentonite slurry - was injected 
through selected grout holes in the pipe. The 
bentonite slurry served two purposes: it tem
porarily filled up any voids due to over excava
tion; and it also reduced friction between the 
pipe and soil. IJSs were also added so that the 
thrust required to push a string of pipe would 
be within the capacity of the main jacks. 

Each IJS advanced a string of pipeline in 

12-inch increments. All IJSs and main jacks 
were operated in a sequence in order to move 
forward the entire train of pipeline. 

Initially, the need for continuous jacking was 
recognized to keep the pipeline from freezing. 
However, during the first pipe drive that con
sisted of only one shift per day, it was found 
that continuous jacking was not necessary. On 
more than one occasion, the pipe jacking was 
interrupted for as many as six weeks, and pipe 
jacking was resumed without any problem. 

Performance of the 
Pipe Jacking System 
The use of a remotely controlled microtunnel
ing machine and hydraulic jacks, coupled with 
the use of fiber glass pipe, was found to be a 
positive aspect of the project, except for some 
initial difficulties with the grout plugs and bell 
end sleeves of the pipe. Frequently, the pipe 
jacking operation was interrupted due to: 

• breaks in the slurry lines; 
• breaks in hydraulic hoses and electric ca

bles from high jacking pressure; 
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TABLE 3 
Summary of Field Data for Evaluating Pipe Jacking Machine Performance 

Pipe Range Range Range 
Jacking Range Jacking Jacking Jacking Number of 
From Jacking Pressure Pressure Pressure Soil 8-Hour Problems 
Jacking Pit Total Pressure Intermediate Intermediate Intermediate Stratum Shifts Used Jacking Encountered 
Number to Length Primary Jack Jack Jack Along the to Progress in the 
Receiving Jacked Jacks · Number 1 Number 2 Number3 Jacking Complete Rate Jacking Weather 
Pit Number (feet) (tons) (tons) (tons) (tons) Route Jacking (feet/shift) Sy~em Conditions 

2 to4 1,140 40-800 330.750 C2&C1 45 25 Grout Plugs 

2to 1 173 80-400 C2&C1 35 8/3-11 Mild 

7to 6A 1,114 70-800 400-550 280-500 C2&C1 29 38 Occasional 5/25-6/19 
Slurry Hose Mild 
&Power 
Pack 
(Hydraulics) 

5to 6A 300 80-720 C2 8 38 

7to 9 1,336 100-800 30().800 500-1,000 C2,G2 & C3 61 22 At850ft 2/23-5/2 
Pipe Cold to 
Movement Mild 

10to 13 1,564 80-800 35().800 300-800 300-500 G2 63 25 5/4-8/8 

10to9 452 80-440 

• high earth pressure at the face; 
• high soil-pipe friction due to varying soil 

conditions and inadequate amounts of lu
bricant slurry outside the pipes; and, 

• undersized slurry recirculating pumps. 

Occasionally, difficulties were also experienced 
in the operation of the intermediate jacking 
system, shield cutter head and power pack 
These problems appeared to be common in the 
routine operation of the system. 

The field data recorded during the pipe jack
ing operation is condensed and summarized in 
Table 3. The data included therein suggest that 
performance of the pipe jacking system (in 
terms of progress rate) depends on several fac
tors such as total length of the pipe jacked in a 
single push, the number of intermediate jack
ing stations installed, type of soil encountered 
along the pipe alignment and the severity of 
problems encountered in the jacking system. 
The weather conditions and the time of day can 
also influence the production rate. 

The data seem to indicate that the progress 
rate is mainly dependent on the length of the 
pipe continuously jacked in a single push and 
the number of intermediate jacking stations 
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Summer 
(Warm) 

G2&C2 11 41 Slurry Line 11/8-16 
Problem in Cold 
One Shift 

used within a single pipe drive. The plot of pipe 
jacking distance versus progress rate as shown 
in Figure 18 indicates that an average progress 
rate of 43 feet per shift was achieved for pipe 
jacking distances up to 500 feet. An average 
progress rate of 28 feet per shift was obtained 
between jacking distances of 1,100 to 1,600 feet. 
Although the progress rate should vary with 
the soil type encountered during jacking, no 
definite correlation seems to exist at this site 
(see Figure 19). 

Performance of Fiber Glass Pipe, Each section 
of fiberglass pipe was manufactured with a 
spigot end, a bell end with a fiber glass sleeve 
and three grout plugs (see Figures 8 and 9). The 
fiber glass pipe performed well with the excep
tion of initial problems with the grout plugs 
and the loss of bell end sleeves, which was 
accidently discovered after more than 2,300 lin
ear feet of pipe was already installed. 

High strength, low soil-to-pipe friction and 
the ideal fit of fiber glass pipe made it possible 
to jack a world record distance of 1,530 linear 
feet utilizing the microtunneling machine 
along with the use of three IJSs. The longest 
distance the contractor originally anticipated to 
jack in a single drive was 1,440 feet (between 
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FIGURE 18. The performance of the pipe jacking system on the project 

Manhole 5 and Manhole 7). This drive utilized 
a number o( intermediate jacking stations in 
conjunction with 880-ton main jacks. This feat 
was achieved without any failure of the fiber 
glass pipe, which is attributed to its low design 
strength and high quality. 

Only two pipes were recorded to have sus
tained damage when misalignment of spacer 
rings resulted in point loading on the pipe 
walls. This damage occurred during the pipe 
jacking drive from Shaft 7 to Shaft 5. 

The visual inspection of a couple of lead 
pipes, which were jacked through their receiv
ing pits, revealed minor scoring of the pipe 
exterior, although the presence of gravel was 
recorded during these pipe drives. No delami
nation was observed. During one pipe drive, 
the surface of the tunneling machine was in
dented to a depth of about 0.125 inch along its 
full length. 

Loss of Grout Plugs. Each section of pipe was 
equipped with three grout plugs to inject lubri-

cant in order to reduce soil-pipe friction during 
pipe jacking. These plugs also permitted grout 
injection after the completion of each pipe jack
ing drive in order to fill up voids between the 
excavated surface and' the exterior face of the 
pipe. According to the pipe manufacturer, each 
grout hole was initially fitted with a contractor
supplied plug and its fitting. The material of this 
plug and fitting was different from that normally 
used by the manufacturer for the pipes. 

During the first pipe drive from Shafts 2 to 
4, four grout plug fittings at scattered locations 
were found to be forced out into the pipe, which 
permitted infiltration of groundwater and fine 
soil particles into the pipeline. Fortunately, 
these occurrences did not result in ground run
ning condition. However, all new pipes were 
fitted with modified fittings in order to safe
guard against any potentially significant 
ground loss. Figure 20 shows the details of 
original and modified grout plugs. None of 
these modified fittings was found to have been 
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Number of Shifts to Complete Push 

-- Shaft 7 to 9 (Cretaceous) -+- Shaft 10 to 13 (Glacial) 

FIGURE 19. Curves showing the performance of the jacking system in glacial and Cretaceous 
soils. 

forced out. The loss of epoxy induced chemical 
bond between the pipe wall and the grout plug 
sleeve is believed to be the cause of the failure 
of the grout plugs. 

Loss of Bell End Pipe Sleeves. During the grout
ing of pipeline between Shafts 7 and 9, a bell 
end sleeve was found blocking a grout hole. 
The drilling of probe holes at pipe joints re
vealed that bell end sleeves were missing at 
some of the joints. 

Subsequently, during the pipe jacking from 
Shafts 7 to 5, one of the pipes was crushed due 
to the inadvertent misalignment or failure of 
the spacer ring. Efforts to replace this damaged 
pipe resulted in the loss of Shaft 7 as a jacking 
pit. At the same time, it also revealed that many 
bell end pipe sleeves were either damaged or 
completely dislodged from the body of the 
pipe, thus impairing the watertightness of the 
pipe joints. Seals were installed to restore the 
watertightness of these joints. 
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Approximately one in five bell end sleeves 
was found to be damaged or missing. All new 
pipes and their bell end sleeves were modified 
to make the sleeves an integral part of the pipe. 
Subsequently, the survey of these modified 
sleeves showed that only three percent of the 
sleeves registered localized damage. 

The line and grade of the entire pipeline was 
remarkably well within the specified tolerance 
of one inch vertically and 12 inches horizon
tally. In one instance of pipe driven from oppo
site directions, the pipes mated within 0.5-inch 
of each other, which eliminated a need for a 
manhole. 

Performance of the Microtunneling Machine. 
The contractor intended to use one shield for 
the entire project. However, two shields, one 
new and the other refabricated were utilized to 
expedite the project completion. Both shields 
performed well except that the refurbished 
shield required not only routine maintenance, 



Original Sleeve 

3 in ID 

2.85 in (+/- 0.025 in) 

2 in ID Threads 

Grout Plug Sleeve 

1. 2.675 ;n (+/- 0.0025 ~ --~ 

Modified Sleeve 
Note: Not to scale. 

FIGURE 20. The original and modified grout plug details. 

but also replacement of worn out parts. After 
its first use, the refurbished shield was found to 
have sustained significant damage to its me
chanical seals and similar internal parts. The 
cutter head also lost one of its teeth. 

Overall, the rate of pipe jacking was 30 feet 

per eight-hour shift per machine and there was 
no loss of ground at the surface associated with 
the tunneling operation. 

Conclusion 
The microtunneling machine, hydraulic jack-
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ing system and fiber glass pipe performed well. 
The overall system, consisting of these three 
elements, offers an effective means to install 
sewers and other utilities in normally trouble
some, heavily traveled and densely populated 
urban areas. Although the economics appear to 
be competitive with conventional tunneling, 
final selection of the method will depend on 
site-specific geotechnical conditions, required 
pipe diameter and contractor capability. In 
summary, consideration should be given to 
specify fiber glass pipe jacking as an alternate 
method where conditions require tunneling. 
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