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ABSTRACT: Although trenchlestechnology has become an economically viable alternative to open-cut
construction, the schools of civil and construction engineering are generally lagging behind in providing
instruction on trenchless technology to our undergrtelatudents. There is a lackkobwledge about the role
of trenchless technology in dealing with our underground infrastructure problems, and a general unawarenes:
among the design and construction professionals. The fundamentals of tretectiieetogy are multi-
disciplinary in nature; hence the field of trenchless technology can be taught at the undérdeagli This
paper addresses a multi-disciplinary approach to development of undatgradostructionwrriculum in
trenchless technology with instruction spanning the fields of soil mechanics, hydraulics, construction
specifications, contract administi@ti etc. The autors have found that building on the infrastructure of the
existing construction curriculum, and making maxitions to the wrriculum as you go along, is the most
practical @proach tdeaching the fast developing subject matter of trenchlebadémy.

INTRODUCTION

The demand for improved quantity and quality of community services sucitites and
communications has placed an ever increasimgen on planning, engineering, irstg, and maintaining these
services. According to &cent study , som@00,000miles of orroded and leaking wastever systems are
causing environmental problems. It is estigd that pproximately 200,000miles of pipelines are in need of
immedate repair or replacement. It is also estimated thatoximately 3% of the existing systems are being
added to this need annually. Trenchkeshinologytechniques offer an alternative for these situations in many
cases.

Trenchless technology methods by definition include all methods oflimgstar rehabiltating
underground ulity systems with minimum drsiption of the sudce. Trenchless thnology methods have
inherent advantages over conventional dig-up and install, or dig-up aadegppair métods. These
advantages include:

b Trenchless technology methods mmize disurbance to the existing environment, traffic, or congested
surface ounder surdce areas.
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b Trenchless technology methods are more suitable for difficult underground conditions, such as, high
water table and unstable soils.

b Trenchless technology methods require less exposed working area, therefore, they involve less risk fol
both workers and the community.

b Trenchless technology methods imiize damage to pavements andutisances to other iiities. The
life expectancy of pavements was observed to have been reduced 408 by pavement cufts.

b Trenchless technology methods provide less interference with exishitigswand enwionment,
providing opportunities for gater constructioproductivity.

b Trenchless pipeline rehabilitation rhetls uilize the host pipeline, thef@re, surrounding soils Wnot
be disturbed which would otherwise further the pipelgttlesment. This mimizes the neetbr spoil
removal, toxic disposal, and therefore, is more environmentally friendly.

The successful planning, design and execution of underground construction for conduits, pipelines anc
utilities ultimately depends on people wkisow how and when to bring the particulagqes oknowledge or
skills to bear on therojects. The objectives of this paper are to recognize additional educational needs and to
identify strategie$or meeting these needs. At the outset, it isanant to recognize two key points:

1. Most of the trenchless technology methods have been in existence less than 45 years.

2. The trenchless technology methods which are currently considered unconventional have not
generally been included in the undergratgucivil engineering or construction kemlogy
education or the telgboks used in such ecition.

THE TARGET AUDIENCE FOR
EDUCATION AND TRAINING

The audience for trenchleschnology edcation can be divided infour segmentsach with different
needs. First, there are the users of the utility systems, such as the city engineers, utility owpebdicamorks
officials. Trenchless methodslwot usually be considered as an optionnew or remedial construction unless
these individuals are knowledgeable about trencide$siology and its apphtions. Seand, there are the
practicing engineers who must design, evaluate constitiigt@#nd do value engineering studies; estiencosts,
and prepare the contract documents. The design engineers are eithenemtiseistaff of the ility owners
or work with a consulting engineering firm.
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The third audience is the construction manager or superintendent who works for a specialty or genera
contractor with trenchless construction capabilities. This audience has largely learned its tresutiniessgy
skills on the ¢b, but more and more individuals are entering this field with degrees in civil engineering or
construction technology. The needs of these professionals include knowledge of equipment, contract
administration, codes, construction catis and techniques, soil mechanics, fluidstamttaulics, time and
cost factors, estimating, cost engineering, and safety. Since the above three groups are usually civil engineer
or engineering technology graates, the bestpportunity to each future decision makersligdaugh civil
engineering or technology undergratiel airriculums. The progxtiveprofessionals in these areas are the
targeted audience of this paper.

The fourth audience is the machine operator, tilledioreman oitechnician who makes things happen
in the field. Their educational needs relate to machine operation and maintenance; on the job experience witl
different types of underground and @aj onditions; early recognition of operational problems and their
diagnoses; and safety and record keeping. Traditionally, these people have been trained on the job by
manufacturers and contractors.

OBJECTIVES OF CIVIL/CONSTRUCTION EDUCATION

The undergrachte education in engineering disciplines, whether it be civil, mechanical, or construction,
requires laying the foundation for the engineering fundamentals in basic and engineering sciences in addition
building the strength of our students in a partictéahnical specialty area. The civil and construction
engineering curricula must provide a responsive and evolving curriculum. It must emphasize a well-planned
general studies core and a relevant stdtihe-art sequence of major courdesarning (and teaching) is to be
viewed as a teaiprocess requiring the dedication of the students and the cafmrgned guidance of well-
qualified faculty in a mutual pursuit of knowledge. Teaaehing among faculty experienced in the
applications of arrenttechnology is essential to delivery of aseassful multi-disciplinary program of study.

Even though civil engineering schools are conservative, our students who are the future of our construction
industry must be schooled in both the conventional (open-cut) and non-conventional (trenchless methods)
aspects of design and installation of pipelineities, and onduits. Their decisionsilvaff ect the useful life of
structures for the next 100 years.

DEVELOPMENT OF CURRICULUM IN TRENCHLESS TECHNOLOGY

According to the criteria foaccreditingorograms in engineerirtgchnology, the Technology
Accreditation Conmission of the Accreditation Boafdr Engineering and Technology (TAC of ABE Thtes!°
"The field of technology is changing rapidly. Thus, the currencyaienal being taught and the people
teaching the material are of pamaumt concern to TAC of ABET. Faculty members must maintain current
knowledge of their field and understanding of the tasks industmyoexp(Criteria V.F.9)."
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Based on the above, the edtion ofour students must be responsive to the needs of the industry
because in the final analyses, it is theustry that hires our gradtes. Teaching tley with no emphasis on
real life applications ofurrenttechnology is an inapprojtie modefor engineering edtation. Keeping that in
mind, the authors haveilized the existing sequence aurses in their construction curriculum to deliver a
stateof-the-art edaation in trenchless taoology.

SEQUENCE OF COURSES

The step-by-step approach to edting students in theroad spctrum of construction with applications
of trenchless technology brought in at the petedmined points in theucriculum essentially follows the
sequence shown in Table 1. Academic instruction in trenchless techtexdtbgyques is highly applied in
nature. It bears on the strength of classical engineering sciences and theories; hence its fundamentals, as we
applications, are interspersed in statiyg)amics, material engineering, pipelingydraulics, soil mechanicstc.
Students in their design courses on reinforced etacsteel, and @od come to appreatie the irportance of
durablity and serveeallity of underground and above-ground infrastructure.

Table 1 - Sequence of Courses

Year Course Title Course Description Trenchless Technology Semester
Applications Cr. Hrs.

1 Methods & Introductory study of materials used in New pipe materials, 3
Materials of the construction industry. Construction introduction to trenchless
Construction methods and techniques including technology methods.

procedures of inspection.
2 Surveying | Introduction to basic principles of Use of lasers, line & grade 4
plane surveying with applications to determination in pipeline
engineering and construction problems,. construction, use of
surveying and locating
equipment.

3 Fluids and Introduction to fluid mechanics Hydraulic systems, I/l 3
Hydraulics including fluid statics and elementary studies and flow calculatipn

fluid dynamics. for pipeline rehabilitation
projects.

3 Construction Quantity take-offs and cost estimating Estimating quantities and
Estimating for conventional versus non- cost of trenchless projects.

conventional construction.
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3 Construction Specifications and contract Contract specifications and 3

C

Management administration, bonding and insurance. administration for trenchless
projects.
4 Soil Mechanics and|  Studies properties of soil with Soil/pipe/machine 4
Foundations applications in design and interactions and use of
construction. slurries in trenchless
projects.
4 Construction Importance of building the project Management of time & 3
Planning and within budget and time. budget in trenchless
Scheduling projects, effects of direct,

indirect and social costs on
the total cost of project.

4 Introduction to An introduction to design & A more detailed analyses of 3
Trenchless construction of trenchless projects trenchless design and
Technology utilizing horizontal directional drilling construction.

(Mini, Midi, and Maxi), pipeline
rehabilitation, microtunneling, pipe
jacking, auger boring, and construction
of temporary structures.

4 Topics in Heavy Underground construction is discussed Capstone course with 3
Construction in length. trenchless applications.

THE CAPSTONE COURSE IN
CONSTRUCTION TECHNOLOGY

Advances in trenchless technology during the last 10-15 years have contributed significantly to the
sophistcation of the conteporary construction industry. This afftsundergradate education significantly.
The thrust of edeation must be tprovide engineers and construction managers with a strong knowledge-base
of both conventional and non-conventional methods of construction. Owners and engineers should feel
comfortable in trying out the newer methods of construction, and til@gness to utilize thedtest advances
in technology should be reftted in thgroject specificationsgContractors should be encouraged to submit bids
that utilize @nventional and non-conventional approaches for underground infrastructure construction. This c:
all be feasible only if the decision makers have the appt@pbiackgound and training in the appropriate
disciplines of education.

Undergraduate educatiohauld include thedtest available témologies and the relevant code
requirements. Where there are code shortcomings, they ought to be brought to light. At the present time, thel
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a dearth of classroom texts on trenchtestinology. It is therefore important that wéizé¢ the available
resources from industry, such as case historiastofalprojects, to teacbur students.

CONCLUSIONS

In 1950's and 1960's, construction of highways and bridges wastafgstrinportance to our nation. In
1970's, trend shifted to improvement of sewers and wastewreatment plantRoughly about the same time,
mass transit and subway tunnairacted the nation's attemti Now it is time for ulization of trenchless
technology in our underground infrastructure. There is a need for development of instructional and resource
materialsfor delivering trenchlestechnology edcation at theindergradate level. There is a neéat building
alliances between Bools and industry to reduce dwgaition in training and educati. Recognizing the
restraints of curriculum developments at the level of undergtadengineering and teicology edeation, the
authors encourage the modétion of existing arriculums to include the sudgt matter of trenchless
technology apptiations. Case historiesviolving new installation methods, such as horizont&latiional
drilling, pipe jacking/micrainneling, and a variety of pipeline reliss#tion methods should be discussed within
the realm of undergradte education to give the studentsra@ad exposure to varioteschniques available to
solve underground infrastructure problems. The authors encourage schools of civil and construction engineer
to develop a course in trenchlésshnology snilar to the one they have developed at their own institution.
According to Dr. Ray Sterling, Dactor of the Trenchless Technology Center at Louisiana Tech University,

"The infrastructure provided by a society depends to at a large extent on a basic system of community values
As educators, it is imperative that we play a significant role in shaping those community values by developing
sound models of engineering aed¢hnology edcation that are not only pragmatic in nature but also ensure
building of an economically sound infrastructure. The future for trenctdebsology is bright; we need only to
steer gently and with resolve.
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