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Central Artery/Tunnel Project (CA/T) in Boston, Massachusetts, USA: Construction

of diaphragm walls under limited headroom 

Construction de parois moulees sous hauteurs reduites

Daniel E. Himick -  Modem Continental Construction Company, Cambridge, Mass., USA 

Stefan Schwank -  Bauer Spezialtiefbau GmbH, Schrobenhausen, Germany

ABSTRACT: This paper describes the techniques and equipment used to construct structural concrete slurry walls in an urban 
environment through extremely variable and difficult soil conditions.

RESUME: Ce document presente les techniques et materiels utilises pour construire des parois moules en milieu urbain dans des 
conditions de terrain tres varies.

1. General Description of Boston’s CA/T Project.

The major north-south thoroughfare through downtown Boston 
currently consists o f four kilometers o f an elevated structure built 
in the early 1950's. This roadway, known as the Southeast 
Expressway and Interstate 1-93, cuts through the heart o f Boston’s 
waterfront district and feeds the tunnels to Logan Airport. Harsh 
New England winters have deteriorated the existing structure and 
continued populous growth created a need for a new and more 
efficient traffic pattern and structure to service the growing 
waterfront and airport areas.

The CA/T Project is to consist o f some 150 construction 
contracts totaling $8.8 billion U.S. dollars. Work began in 1987 
with the relocation of major downtown utilities and with the 
construction of the Third Harbor Tunnel to Logan Airport in East 
Boston, and is scheduled to complete in the year 2004. As of this 
writing, approximately 60% o f the work has been awarded, with 
the remaining portions to be under contract within the next two 
years.

One of the unique features o f the CA/T Project is that it contains 
some 350,000 square meters o f permanent structural concrete 
slurry wall, with approximately 40% of this wall being installed 
under the existing elevated structure.

2. CA/T Project C17A2 State to North Street.

In March of 1995, Modem Continental Construction Company 
was awarded the CA/T contract C17A2, and in March of 1996, 
Modern was awarded the adjacent contract C17A9.

C17A2 is 280 meters in length and contains 28,000 square meters 
o f structural concrete slurry wall 1100 millimeters thick, whereas

Figure 1: Typical section after completion

C17A9 is 500 meters in length and in addition to the normal civil 
works, contains 46,000 square meters o f structural concrete slurry 
wall 1100 millimeters thick.
The focus of this paper will be the slurry wall work for the C17A2 
project, which has been completed as o f this conference. The 
slurry walls for the C17A9 project are still underway and only 
about 25% complete.

2.1 General Site Description

The C17A2 project area is located in Boston along the corridor of 
the existing elevated Central Artery (1-93) viaduct. The general 
limits o f the project extend from State Street north 280 meters to 
North Street at the entrance to the Callahan Tunnel leading to 
Boston’s Logan Airport in East Boston. The existing elevated 
Central Artery structure, on grade roadways, sidewalks, and 
parking lots occupy the site. A variety o f urban structures abut the 
site. These include low and high rise residential, commercial, 
office, hotel and parking facilities. Several o f these buildings are 
historic structures and include the Quincy Market which attracts 
as many as 150,000 visitors per day.

2.2 Major Components of the C17A2 Project.

The primary components o f the project include: a mainline cut and 
cover tunnel with excavations ranging from 14 to 21 meters in 
depth, an exit ramp extending from the mainline tunnel to existing 
grade, Underpinning o f the existing elevated structure while 
maintaining daily traffic without any deviations, construction of 
various emergency egresses, pump stations, utility rooms, and 
installation and relocation of utilities.

The roof structure consists of steel girders 2 .4 meters thick placed
1.2 meters to 1.4 meters on center. The steel is capped by a 
concrete slab approximately 0.5 meters thick. Invert slabs are up 
to 4 meters thick. All concrete is 246 kgf7cm2. The walls o f the 
mainline tunnel are structural concrete slurry walls 1100 
millimeters thick ranging in depth from 28 to 40 meters.

2.3 Subsurface Conditions

The area was extensively glaciated during the Wisconsin Period. 
Repeated retreats and advances o f the glacier between 18,000 and 
12,000 years ago fractured and scoured the bedrock and left a 
complex deposit o f soils including basil tills, moraines, drumlins, 
and outwash deposits. During glacial retreats, fine-grained soils, 
including silts, clays and organic material, were carried to the 
ocean by rivers and streams and deposited in quiet marine waters. 
Finally, landfill was placed in many areas to reclaim low-lying
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and/or submerged areas as Boston expanded. The total thickness 
o f the soils and fill overburden in the Boston area is typically 21 
to 36 meters but locally extends up to 92 meters.

The fill material is generally five (5) meters deep and highly 
variable in composition. Most o f the fill is fine to course sand with 
a varying amount o f silt and gravel content. However, due to 
Boston’s waterfront history of land reclamation, the fill material 
contains miscellaneous materials, such as brick, wood, concrete, 
construction debris and rubbish (see obstructions).

Organic deposits are generally two (2) meters thick and slightly 
overconsolidated. SPT values are vary low (WOR).
A deposit o f marine clay averaging nine (9) meters deep over the 

depth of the slurry wall, exists below the organic deposit. This 
marine clay is known locally as Boston Blue Clay and was 
deposited during periods o f glacial stagnation whereby fine 
grained soils entered a quiescent marine environment via 
meltwater and run off from land and ice at the margins of the 
Boston basin. The Boston Blue Clay is stiff to very soft (WOR).

The glaciomarine deposit averaged depths of nine (9) meters The 
consistency ranges from unsorted materials pushed ahead o f the 
glacier to stratified estuarine and outwash materials. The 
glaciomarine on C17A2 contained a high degree of clay, but 
varying amounts o f course gravel, cobbles and boulders were 
found. Some boulders exceeded three (3) meters in diameter. SPT 
N-values ranged from 30 to greater than 100 blows per 30 
centimeters.

The glacial till is generally three (3) meters deep and consists of 
a dense heterogeneous mixture o f sand, silt, clay and gravel, with 
cobbles and boulders. SPT N-values exceeded 50 blows per 30 
centimeters.

The rock depth required by design averaged a depth o f six (6) 
meters. The rock is known as a Cambridge Argillite and contains 
inclusions o f basalt, andesite and diabase. It is highly variable, 
from very weathered and highly fractured, to hard and competent.

2.4 Obstructions

The project was known to have numerous obstructions primarily 
in two areas. The first area was in the fill material due to Boston’s 
history of land reclamation. Remnants o f old piers and wharves, 
building foundations, granite blocks, wood cribbing filled with 
stone, and wood and steel piling were found buried in the fill 
material. These were removed prior to slurry wall excavation 
through a pretrenching operation. The second area of obstructions 
was in the area o f the existing elevated artery. Steel pipe piles 
filled with concrete, up to thirty (30) meters in length, supporting 
the existing artery had to be removed after the artery was 
underpinned. During construction, numerous old abandoned artery 
piles (additional steel pipe filled with concrete and also up to 30 
meters in length) and concrete foundations were found.

2.5 Pretrenching and Guidewalls.

Due to the extensive nature o f obstructions, that in many cases 
extended through the deep clay to bear on the glacial tills, a 
pretrenching operation was initiated to remove all possible 
obstructions through the fill and organic layers. This work was 
performed in small work areas with a hydraulic backhoe to depths 
o f seven (7) meters. The trench was excavated in an open cut 
method within four to five hours for a distance of 5 meters. Upon 
completion of excavating and removing the obstructions, the 
trench was backfilled with either a dry lean concrete, or a slag 
cement and attipulgite clay mixture (known as Impermix). The 
Impermix was most suited as a backfill material, but required 
several days to set sufficiently to allow vehicular traffic to pass on. 
Any obstructions that could not be removed were located by 
survey and plotted onto the layout drawings. These obstructions 
were later removed by clamshell during the slurry wall excavation 
process Once pretrenching operations were complete, typical 
guidewalls o f .5 meters thick by 1.2 meters deep were constructed.

3. Slurry Wall Construction for the C17A2 Project.

3.1 Excavation Equipment

As noted previously, the project required construction o f 28,000 
square meters o f structural concrete slurry wall, 1100 millimeters 
thick, and to depths averaging 34 meters. Approximately 50% of

the slurry walls to be constructed, were under the existing elevated 
Central Artery with as little as Six (6) meters o f headroom. 
Groundwater tables were very high, up to within 1.2 meters of 
grade, therefore, lowering the existing grade had to be kept at a 
minimum. To handle these extremely variable conditions, Modem 
Continental /  Obayashi had Bauer Spezialtiefbau build two very 
different types of slurry wall excavators. One was a low-headroom 
hydraulic reverse circulation trench cutter called an MBC 30. 
Thesecond machine was a low headroom hydraulic clamshell, the 
first ever to be built by Bauer, attached to a Sennebogen BS 670 
crane with a low headroom boom also designed by Bauer.

Figure 2: The MBC 30

The MBC 30 measured 6.1 meters in height, and had a foot print 
of 5.8 meters in length by 3 .8 meters in width. A 560 kw hydraulic 
power pack was mounted onto the frame of the MBC 30 so that 
the machine was entirely mobile. The cutter head assembly 
weighed 20 metric tons and the two rotary cutter heads had a 
cutting force of 8 metric tons each. Fluid and cuttings were 
pumped at a rate o f 350 cubic meters per hour. The machine was 
capable o f excavating to a depth of 50 meters. The intent was to 
use this machine as the primary excavator for the project.

The Sennebogen 670 is a 60 metric ton crane with many features 
significant to a foundation contractor. The hydraulic set up on the 
crane is capable o f running a variety o f attachments such as the 
Bauer hydraulic bucket, or even a casing oscillator used to install 
deep caissons. Bauer designed and manufactured a low headroom 
boom with an extension to allow the crane to work both under the 
artery, and out in the open, without having to change out the entire 
crane boom.

Figure 3: The Sennebogen 670 with clamshell
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The crane and clamshell were configured to work within a height 
o f 5.6 meters and excavate to a depth of 45 meters. When in this 
configuration, the clamshell was only 15 cm above the ground 
when the crane was boomed up to its maximum This required the 
use o f a CAT 966 loader with a modified bucket to remove the 
spoil as it was excavated from the trench and then deposit into a 
standard dump truck. When out in the open, a boom extension was 
installed to allow the crane to directly deposit the spoil into a 
standard dump truck as the trench was excavated. The clamshell 
was approximately 3.7 meters in height and weighed 12 metric 
tons. Closing force was rated at 1200 KN. This machine was to 
provide the means for removing boulders and the existing artery 
piles after the required underpinning was in place.

Upon discovering the changed site condition consisting of 
numerous abandoned Artery piles and concrete foundations, many 
o f which fell along the slurry wall profile, the primary machine to 
excavate the slurry wall became the hydraulic clamshell. In fact, 
over 40 % of the slurry panels to be excavated were impacted by 
obstructions, necessitating the construction of a second hydraulic 
clamshell. It was impossible for the MBC 30 to excavate through 
these steel pipe piles filled with concrete. These pipe piles could 
not be extracted prior to excavation because they were made of 
jointed sections six (6) to twelve ( 12) meters in length, and pulling 
on the pile with sufficient force to remove them, simply pulled the 
piles apart, leaving most of the pile in the ground. The thought was 
then to have the MBC 30 excavate only the rock, but the fact that 
the hydraulic clamshells were able to excavate the highly fractured 
rock made it more efficient to use only the hydraulic clamshells. 
The MBC 30 was moved to the C17A9 project which did not 
anticipate these piles within the slurry wall alignment.

3.2 Panel lengths and Layout

The slurry panels were constructed utilizing the primary and 
secondary method. The contract specifications restricted the length 
of panels to 4.3 meters under the existing artery, to 6 .1 meters out 
in the open away from the artery. Panel layouts also had to 
accomodate existing artery foundations and footings, as well as 
various vehicular and pedestrian traffic alignments. In general, 
primary panel lengths averaged 2.8 meters and secondary panels 
averaged 4.6 meters.
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Figure 4: Typical panel layout

3.3 Slurry Plant and Fluid

Due to the large area o f clay and rock, Modem Continental 
decided to try the use o f a manmade synthetic polymer. The 
polymer is a patented formula developed by KB Technologies. 
The use o f this polymer dramatically reduced the need for 
desanding, particularly for the MBC 30, and eliminated the need 
for any bulk silos or storage area for the dry material to make the 
slurry. Typically, the polymer would settle out any solids in the 
trench during the excavation process so that when excavation was 
completed, only minor airlifting o f the rock was required to 
complete the excavation process. The desanding plant purchased 
for the project consisted of desanders, desilters, shaker screens and 
a centrifuge, all o f which were used minimally due to the use of 
the polymer.

3.4 SPTC Columns

The diaphragm wall for the project was not the typical structural 
wall. Reinforcing for the concrete wall consisted of WF beams 
(not reinforcing bar) spaced 1.2 meters to 1.8 meters apart. Beam 
sizes were 1 meter in width and varied from 343 kilos/meter to 586 
kilos/meter in weight. This wall was labeled a Soldier Pile Tremie 
Concrete (SPTC) wall.

Figure 5: Installation of SPTC columns

PLATE B 

PLATE C

Figure 6: Typical beam splice

The completed SPTC beams were shipped via rail to ihe jobsite 
to a staging area where they were checked and stored The beams 
were trucked in pairs to the trench on an as needed basis with 

specific restrictions. Per the contract specifications, delivery of 
materials or movement of equipment to the jobsite was prohibited 
between the hours of 6:30 am to 9:30 am, and 3:30 pm to 6:30 pm

In the open headroom conditions the beams were spliced once 
due to the long length (average length was 32 meters), and set into 
the trench with a 140 ton crane. In the low headroom cases 
underneath the existing artery, beams were spliced as many as 
eight (8) times due to the space limitations and then lowered into 
the trench using a Cat 980 loader with boom, and a pair o f 65 ton 
hydraulic winches hooked on to the bottom of the beams.

Each beam splice was a bolted connection consisting of 50 mm 
steel plates and 190 A490 bolts. The plates and beams were 
“match drilled” at a fabrication shop prior to delivery.

The beams were laced together with structural angle iron and 
lowered into the trench in pairs. The time to set beams varied from 
two (2) hours in open headroom to ten ( 10) hours in low 
headroom. Once the beams were lowered into place, an airlift was 
lowered into the trench and the bottom was cleaned one final time 
prior to concreting the panel.

3.5 Tremie Concrete

Concrete for the SPTC wall was a typical mix consisting of 275
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kilos of Portland Type I cement specified at 281.2 kgt/cm2, and 34 
kilos o f flyash was also added. Concrete was tremied through a 28 
cm tremie.

Depending on the number of SPTC columns in the trench, from 
one to five tremie pipes were used for a single panel pour. The 
specification required one pipe between each pair o f beams and 
the space between the last column and the end o f the trench. 
Concrete was batched off site by a local supplier and transported 
via ready mix transit trucks. The concrete was deposited directly 
from the transit truck into the tremie hopper.
The WF beams were used as stop ends on primary panels. A light 

gage “stayform” mesh material was bolted onto to the ends o f the 
beams to act as a confinement between the ends o f the beam and 
the sides o f the trench. Crushed stone (18 mm in size) was then 
placed in the area between the beam and the end o f the panel to 
keep the tremie concrete from filling this pocket. This material 
was then removed upon excavating the secondary panel, and filled 
with concrete during the subsequent tremie pour which created the 
connection between panels.

4. Future Contracts

As of September 1996, construction contracts totaling 
approximately $4 billion US dollars have been awarded on the 
Central Artery Project. The Owner intended to award an additional 
$3 billion US dollars by the end o f 1997 and another $2 billion by 
the end of 1998. These projects include more slurry wall work as 
well as sunken tubes, large jacked structures, deep support of 
excavations and a cable stayed bridge.
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