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ABSTRACT: This paper is an in-process case history of the North Hollywood Tunnel project.
Excavation of the shield-driven subway tunnels is currently in progress and has encountered numerous
difficulties in handling the diverse alluvial ground conditions. Geotechnical observations and
documentation will be discussed, including explorations, record-keeping, face mapping and ground
performance monitoring.- Measures _taken to prosecute the work are discussed including shield
\.
modifications, chemical grouting, and related elements.

l INTRODUCTION
Contract C0331 is the first construction contract let
on Segment 3 of the Los Angeles Metropolitan
Transportation Authority's Red_Line subway system.
Red Line Segment 3 connects the San Fernando
Valley communities with downtown Los Angeles to
the south.
The Contract scope consists of 3.2 km of twin
bore subway tunnels under Lankershim Boulevard, a
_crossover excavation shaft, an access ramp to tunnel
level, and a midline vent shaft/structure. The C0331
Contract excavates and completes the tunnels and
midline vent structure, whereas the remaining
facilities are turned over to the follow-on contracts.
Contract C033 ll-_ is projected to be completed in

early 1998 whereas Red Line Segment 3 is projected
to be in operation by approximately early 2001.

1.1 Contract C0331 Particqyants
The C0331 tunnels are being constructed for the
L.A. Metropolitan Transportation Authority (MTA)
by the general contractor, Obayashi Corporation.
The project designer is the Engineering Management
Corporation (EMC), a joint venture led by Parsons
Brinkerhoff and DMJM of Los Angeles.
Construction Management is performed by Parsons
Dillingham, a joint venture led by the Parsons

Infrastructure Technology Group, DeLeuw-Cather
Company, and Dillingham Construction, NA.

1.2 Objective of this Paper
Because this project is still in the tunnel excavation
phase and is currently involved in a number of
complex and contentious issues, this paper is
presented from an objective standpoint. The intent is
to present and discuss this interesting and unusual
project in a manner that can be useful to all readers.
Focus will principally be on the difficulties handling
the diverse ground conditions with the selected
equipment and the conventional and innovative
measures taken to prosecute the work.

2 PROJECT CHRONOLOGY
The early phases of the project involved the
excavation of the crossover shaft for it‘s vital initial
purpose as the working shaft for staging tunnel
excavation and concrete lining. Following
completion of the C0331 Contract, the crossover will
be finished as an operational subway train crossover
with associated facilities.
Tunnel excavation began February 13, 1995
and is currently approximately 75% complete. Due
to the tunnel excavation problems encountered to
date, the project is currently approximately l-year
behind schedule.

3 GEOTECHNICAL CONDITIONS
Excavating fromnorth to south, the C0331 tunnels
are to encounter approximately 2.6 km (80%) of
young alluvial deposits, followed by 0.3 km (10%)
of mixe_d face conditions, and finally 0.3 km (10%)
of softrock, known as the Topanga formation.
The first approximately 75% of the mining will
take place above the groundwater table, although
sections of perched groundwater are anticipated and
have been encountered. Groundwater is expected to
be especially problematic when mining under mixed
face conditions but is predicted to be manageable
when mining in the Topanga formation.
Cover over the tunnels varies from
approximately ll m at the crossover starting shaft to
approximately 27 m at the point of maximum cover,
near the critical crossing of the often-congested
Interstate I-134 freeway. Cover reduces again to
only 6 m at the crossing of the concrete-lined LA
river channel near the end of the alignment.

3 .1 Pre-Bid Investigations
Pre-bid investigations were documented in a project
geotechnical report and summarised' in the
Geotechnical Design Summary Report (GDSR),
which was included as a part of the Contract
Documents. The pre-bid investigations consisted
principally of 34 exploratory borings, i_ncluding 2
man-sized borings. Several borings were completed
as observation wells for groundwater monitoring.
The GDSR summarised the exploratory borings, the
associated laboratory testing, and the regional
geology and groundwater conditions, as well as
providing interpretative data.
_ The resiflts of the pre-bid investigations
pointed to a tunnel drive which would encounter a
wide range of geotechnical conditions, from soft
weak rock to running and flowing ground. Of
significance was the variable nature of the ground
and the anticipated presence of cobbles and boulders
in the alluvial deposits. Even when focusing on only
the granular soils, which were expected to be the
most problematic, the gradations, densities and
strengths were variable.

3.2 Post-Bia’ Explorations
Prior to the commencement of tunnel excavation,
numerous opportunities were taken to gain more
knowledge of the geotechnical conditions to be

encountered. Significant data was gained through
the logging and sometimes testing of soils
encountered in the borings drilled for deep' survey
benchmarks, soft-ground multiple-position borehole
extensometers, inclinometers, and observations
wells.
In addition, further exploratory holes were
drilled to assess the conditions for the in-scope
chemical_ grouting under the I-134 freeway and to
more closely assess the in-situ soil conditions once
the mining commenced and face control difficulties
developed.

3.3 Conditions Experienced To Date
The additional post-bid investigations did provide
exploratory information for expanded sections of the
tunnel drive but did little to improve the overall
understanding of the geotechnical environment.
This was due to the not unexpected variability of the
alluvial soils. This variability led to the conclusion
that there were limited benefits to justify
expenditures for continued investigations.
The alluvial deposits, for which most of the
additional investigation focused, proved to be three
dimensionally variable, demonstrating the
meandering nature of the San Fernando Valley
formations. This made accurate predication of the
conditions difficult.
Even before timnelling commenced, project
participants were aware that close observation of the
tunnel face, and the ability to react quickly to the
changing conditions, would be important factors.
Along these lines, a geotechnical inspector was
assigned to map the soil conditions at the face
whenever tunnel excavation was in progress. These
tunnel face maps are shared with all project
participants on a daily basis.
Another result of the challenging conditions
was the joint development of several contingency
plans for anticipated difficulties with the excavation.
These meetings identified and developed several
important contingencies including chemical
grouting, compaction grouting, pre-drilled surface
holes, mobilising special equipment on-site,
improving communication channels, special utility
monitoring, utility bypasses, and related items, some
of which are discussed herein.
A generalised summary of the
ipredicted/encountered geotechnical conditions is
shown in Figure 1.
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Figure l - Generalised Project Geologic Profile

4 TUNNEL EXCAVATION
Excavation of the 7 m outside diameter tunnels has
proved to be the single most challenging element of
this project. The tunnels are being mined using two
nearly-identical conventional open-face digger
shields under free air conditions. _
Tunnel excavation through the young alluvium
has been challenging due to both the variable nature
of the soils and the configurations and limitations of
the shields. The often random presence of cobbles
and boulders in the predominately non-cohesive
alluvium has been the most problematic conditions.

4.1 Shield Selection
The Contract Documents allowed considerable
latitude to the contractor in the overall selection of
the mining equipment. However, the tunnel shield
specifications also contained rigorous performance
requirements for stable and controlled excavation.
The main difficulty with the shield selection
was the wide ranging conditions characterised in the
GDSR. It would be difficult to expect a single
machine to ideally handle all such conditions.
Economic and schedule considerations would not
permit the use of multiple machines for a tunnel of
this length. Therefore the bidders were charged with
selecting the equipment which could best handle the
diverse conditions.
The relative freedom allowed in the Contract
for the type of shield resulted in the selection of low
cost, relatively simple digger shields which
Obayashi owned prior to bid. One of the selected
shields had been used previously on Red Line
Segment l 'in downtown Los Angeles.

Following the shield selection, which from a
practical standpoint had to be done by the contractor
pre-bid, significant issues and disputes developed as
the required shield was submitted for approval.
Through the approval process, the major elements of
the shield remained unchanged, but the shield
configuration was altered and the shields were
eventually approved with significant notations. The
final shield configurations and the disputes during
the shield approval process are now the subject of
claims associated with the subsequent tunnel
excavation difficulties.

4.2 Precast Concrete Segments
The shield is advanced by thrusting off of precast,
ungasketed, Lmbolted concrete segments using 16
individually-controlled 220-ton thrust jacks. The use
of these simple segments for initial support, followed
by the installation of a gas- and water-impenneable
membrane and a final cast-in-place concrete lining,
has been commonly characterised as the "Los
Angeles Method" since it was became a common
system during and following the construction of Red

Line Segment l. ,

Although this method has distinct advantages
for the Red Line, the principal disadvantage is the
reduced thrust resistance these segments provide.
The segments are not considered in the final lining
system (which consists of a 30 cm thick, cast-in
place, reinforced concrete lining). The relatively
thin precast segments have been subject to cracking
and damage under high shield thrust. The damage
appears to have been exacerbated by the point
loading effects of the individual thrust shoes. The
shield does not utilise a thrust ring.

The precast segments were not steam-cured
and were routinely removed from the forms after
only a 16- to 18-hourambient cure time. During
tunnel excavation, segment damage was not
uncommon and shield thrusts often had to be limited
to prevent segment damage. The problems with the
segments have become a limiting factor in tunnel
advance.

4.3 Tunnel Excavation Problems
Obayashi chose 'to utilise a jacking frame within the
crossover rather than excavating starter tunnels for
launching the shields. Because of the limited shield
tl'm1st capability associated with a lower-hemisphere
jacking frame, which was designed for
approximately 30% of the available thrust, the
excavator was used to dig ahead of the shield to
allow advance. The first l2_m of tunnel excavation
took place within a zone of soils which were
chemically-grouted from the ground surface and no
significant problems were encountered.
However, as soon as the shield advanced
beyond the grouted zone, face control was
compromised and ground was lost ahead and above
the shield. Following a period of mining in grouted
and ungrouted zones, with numerous voids created
over the shield, mining of the first tunnel was
stopped with less than 70 m completed.
The ensuing disputes centered upon the as
anticipated geotechnical conditions, the requirements
for shield performance, and the serious concerns
over. face control and losses of ground. As part of
the attempts to resolve the disputes and resume
mining, the second shield, which was near-ready for
launching, was modified within the crossover shaft.
The modified shield was then launched while the
first remained donnant. However, similar ground
control problems developed, although of a lesser
magnitude. It was then agreed that the mining would
be advanced with a more systematic program of
chemical grout injection, as needed, to improve the
soils in advance of tunnel excavation. The first
shield was also modified to a lesser degree and
excavation of both tunnels is ciurently progressing
with the as-modified shields and the programmed
chemical grout injection.

4.4 Mining Methods
Although the shield and the precast segment system
represent the fundamental "hardware" used for the
tunnel excavation, the manner in which these

elements are used is equally important to the success
of the project. _As such, the mining methods and
procedures have also been a significant subject of
disputes.
The principal issue with the mining methods
has been the use of the shield excavator. lnvariably,
all instances of face instability or loss of ground
could be attributed to digging ahead with the
excavator. Focus of many dispute "discussions" was
the necessity for this digging versus the shield
advancing predominately via thrusting into the
ground (cookie-cutter style). This key element of the
mining methodology remains unresolved.
Another important and related issue associated
with the mining methods concerned the techniques
for thrusting of the shield. Here the debate centered
on the continuous use of thrust versus the cycled' use
where the ground was dug first and then the thrust
was applied in short increments. Where the
continuous application of thrust was seen as a benefit
to face control and stability, the shield operators
were often concemed with overloading the segments
or the shield systems and instead opted for cycled
operations.

4.5 Shield Modifications
A schematic representation of the C0331 tunnel
shields is shown in Figure 2. The modifications to
the original configurations that were done during
construction consisted of the following steps:
° Rail extensions were added to the back of the
excavator' slides to allow the excavator to retract
farther back into the body of the shield. This was
seen as a benefit by increasing the range of
excavator movement, thus giving the shield
operator more flexibility in the use of the excavator
inthe changing conditions. With this change the
excavator could still be used to dig ahead where
necessary for shield advance but could also retract_
and be used to rake off the muck, which served to
improve support and control the face.
0 An approximately 90 cm hood extension was
added to the second shield to augment the face
control capabilities. The extension allowed for an
increased angle of repose for muck to support the
face while still allowing the excavator to be used at
the shield invert, if necessary, without
compromising face stability. The extension was
I not fitted on the first shield launched because such
a modification would have been prohibitively
costly for a shield already buried.

/E

o Two thrust jacks were added in the invert section
to increased the overall thrust capacity by just over
10%. The added thrust capacity was seen as-a
benefit in reducing reliance on digging ahead with
the excavator to advance the shield.
» Finally, both the upper and lower breasting tables
were extended ahead. In the case of the first
shield, without the hood extension, the tables were
extended-to the vertical projection of the hood.
For the second shield, the tables were extended
equally with the hood, thus maintaining a rake in
the face.
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Figure 2 - Tunnel Shield Schematic

4.6 Chemical Grouting Operations
The use of ground improvement techniques was
extensively discussed and evaluated both during
contingency planning before and after the start of
tunnel excavation. In order to continue tunnelling,
chemical grout injection was determined to be the
most effective means to pre-improve the ground.
Several methods to accomplish the chemical
grouting were reviewed. Grout injection from the
tunnel face and from the ground surface were both
used successfully. However, because advanced
grouting from the ground surface would allow for
more rapid excavation, it was selected as the
principal method. Grouting from the face would be
used only where buried utilities or traffic congestion
above the tunnel would precludeaccess for drilling
and grouting equipment.
All chemical grouting operations from the
ground surface have been performed by Obayashi's
specialty subcontractor, Hayward-Baker. After a
period in which several grouting patterns and mixes
were used, Hayward-Baker has performed the
majority of the grouting using the 3-hole "chevron"
pattern (holes on 150 cm spacings) with a 35-38%
sodium silicate grout.
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5 GROUND PERFORMANCE MONITORING
The use of conventional survey methods and
geotechnical instrumentation for ground
performance monitoring has been an important
factor in assessing the shield capabilities, mining
methods, and chemical grout effectiveness.
A large and organised team of surveyors and
geotechnical specialists is utili_sed to read, assemble,
reduce, and present the volumes of data generated by
the ground surface points, extensometers,
inclinometers and other monitoring elements. The
timely reporting of data is critical to the success of
the project and was a daily undertaking. Guidelines
were established in which responsible individuals
would be directly contacted from the field if certain
established values were reached or exceeded.
Of note were the use of automated, remote
reading dataloggers for the crossover and midline
vent shaft strain gauge systems. The benefits of
these remote reading systems to the turmel
instrumentation is recommend but could not be
economically brought on-line during the mining.
Expanded use of automated' systems for
extensometers and related instrumentation may be
utilised on future contracts.
During several trial sections, simple deep
settlement markers, consisting of a 15 mm rebar
anchored at the bottom of the hole into concrete and
then enclosed with a PVC sleeve and granular hole
backfill, were successfully used as an alternative to
borehole extensometers. The settlement markers are
not as accurate and cannot read at multiple depths,
but they are less expensive, faster to install, and do
not require a long-lead procurement time. More
widespread use of both deep and shallow (1 m depth)
settlement markers, as well as newer settlement
casing instruments, is recommended for future such

projects. V

6 TECHNOLOGICAL IMPROVEMENTS
Several technological improvements, sometimes
imiovative and sometimes commonplace, have been
identified and utilised to improve the success of the
key tunnel excavation operations.

6.1 CCTV Monitoring Systems
6

As a post-bid improvement, closed-circuit television
monitoring (CCTV) systems were installed in both
shields. Initial systems were installed to merely

allow quality and safety inspectors, as well as
supervisory personnel, to monitor the operations at
the face from the work deck behind, which is out of
direct view of the face, without impeding on the
workers in this highly cramped and congested area.
A special time-lapsed videotape recorder was later
installed to allow the events at the face to be
captured on tape. The videotapes are jointly
maintained for subsequent use in disputes or claims,
if necessary; Since the CCTV systems are only
contained in the shield and do not connect to the
ground surface for direct real time monitoring, they
have not been negatively perceived by the workers.
The CCTV systems appear to be a benefit and are
recommended.

6.2 Datalogger Recording Systems
Because of the importance _ofthe shield thrust on the
performance assessment, a system of periodic thrust
gauge calibrations has been implemented to provide
assurance that actual thrust pressures are monitored
in the tunnel. At one point the use of dataloggers for
the monitoring and recording of many shield
functions (excavator use, hydraulic pressures, shield
clock, etc.) was envisioned. Acquiring joint-use
time-lapsed records to document key system
functions is seen as a benefit in resolving disputes
and claims. However, retrofitting such systems with
work already in progress was deemed impractical
and not cost-effective. Such systems could be
economical if included in the bid documents and are
therefore recommended for future projects.

6.3 Computerised Survey Systems
The C0331 tunnels are the first on the Red Line to
utilise computerised continuous guidance/control
systems. Obayashi utilisesa system manufactured
by Leica/Dywidag for providing survey control and
assisting shield operators with making steering
adjustments. As a post-bid addition, Leica/Dywidag
has also provided a remote-monitoring system to
allow the construction manager to monitor shield
progress and survey control from the field office
above ground.

6.4 Communications Systems
Modern communications improvements have been
utilised, as practical and economical, to improve the
overall communications systems on the project.
._.,___

Field personnel now commonly use cellular phones
and two-way radios for real-time communication. ln
the tunnel, where many such technologies cannot be
used, a common phone line is being advanced with
the shields. This allows personnel in the shield to
communicate directly with the field offices above
ground, the surveyors and geotechnical specialist
monitoring ground performance (via cellular phone)-,
and even to individuals away from the site (i.e., at
offices downtown or 'at home).

6.5 Utility Interface and Monitoring
Serious concems for the integrity of several old
utilities overlying the tunnels led to the installation
of water main monitoring pits, and the
implementation of periodic utility surveys. In some
cases utility representatives were maintained on-site
during tunnel excavation to assist in monitoring and
to improve emergency response, if needed. In
addition, specific concems over a 60 cm sewer over
one tunnel led to the installation of an emergency
sewer bypass system that could made operational in
minutes should the seWer's integrity be lost or
threatened.

7 CONCLUDING REMARKS
Much negative publicity has been generated I
conceming the Red Line as a Whole, although
virtually none of this publicity was directly related to
the C0331 Contract. It is ,important to note that
much of such publicity is politically driven and
severely skewed, often well beyond the control of
the participants involved. Although the C0331
Contract has experienced problems, these problems
are not uncommon to _such undertakings and are
being responsibly dealt with by all participants.
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