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Text

Civil Engineering

Civil engineering, the oldest of the engineering specialties, is the planning, design,
construction, and management of the built environment. This environment includes all
structures built according to scientific principles, from irrigation and drainage systems to
rocket-launching facilities.

Civil engineers build roads, bridges, tunnels, dams, harbors, power plants, water and
sewage systems, hospitals, schools, mass transit, and other public facilities essential to
modern society and large population concentrations. They also build privately owned facilities
such as airports, railroads, pipelines, skyscrapers, and other large structures designed for
industrial , commercial , or residential use. In addition, civil engineers plan, design,and build
complete cities and towns, and more receritly have been planning and designing space
platforms to house self-contained communities.

The word civil derives from the Latin for citizen. In 1782, Englishman John Smeaton
used the term to differentiate his nonmilitary engineering work from that of the military
 engineers who predominated at the time. Since then,the term civil engineering has often been
‘used to refer to engineers who build public facilities ,although the field is much broader.

Scope. Because it is so broad,civil engineering is subdivided into a number of technical
specialties. Depending on the type of project, the skills of many kinds of civil engineer
specialists may be needed. When a project begins, the site is surveyed and mapped by civil
engineers who locate utility placement-water ,sewer,and power lines. Geotechnical specialists
perform soil experiments to determine if the earth can bear the weight of the project.
Environmental specialists study the project’s impact on the local area; the potential for air
and groundwater pollution,the project’s impact on local animal and plant life,and how the
project can be designed to meet government requirements aimed at protecting the
environment. Transportation specialists determine what kind of facilities are needed to ease
the burden on local roads and other transportation networks that will result from the
completed project. Meanwhile, structural specialists use preliminary data to make detailed
designs, plans, and specifications for the project. Supervising and coordinating the work of
these civil engineer specialists, from beginning to end of the project,are the construction
management specialists. Based on information supplied by the other specialists,construction
management civil engineers estimate quantities and costs of materials and labor,schedule all
work, order materials and equipment for the job, hire contractors and subcontractors, and
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perform other supervisory work to ensure the project is completed on time and as specified.

Throughout any given project, civil engineers make extensive use of computers.
Computers are used to design the project’s various elements (computer-aided design, or
CAD) and to manage it. Computers are a necessity for the modern civil engineer because they
permit the engineer to efficiently handle the large quantities of data needed in determining the
best way to construct a project.

Structural engineering. In this speciality,civil engineers plan and design structures of all
types,including bridges,dams, power plants, supports for equipment, special structures for
offshore projects,the United States space program, transmission towers, giant astronomical
and radio telescopes,and many other kinds of projects. Using computers,structural engineers
determine the forces a structure must resist: its own weight, wind and hurricane forces,
temperature changes that expand or contract construction materials,and earthquakes. They
also determine the combination of appropriate materials; steel, concrete, plastic, stone,
asphalt,brick,aluminum,or other construction materials.

Water resources engineering. Civil engineers in this specialty deal with all aspects of the
physical control of water. Their projects help prevent floods s supply water for cities and for
irrigation, manage and control rivers and water runoff, and maintain beaches and other
waterfront facilities. In addition, they design and maintain harbors, canals, and locks, build
huge hydroelectric dams and smaller dams and water impoundments of all kinds,help design
offshore structures,and determine the location of structures affecting navigation.

Geotechnical engineerihg. Civil engineers who specialize in this field analyze the
properties of soils and rocks that support structures and affect structural behavior. They
evaluate and work to minimize the potential settlement of buildings and other structures that
stems from the pressure of their weight on the earth. These engineers also evaluate and
determine how to strengthen the stability of slopes and fills and how to protect structures
against earthquakes and the effects of groundwater.

Environmental engineering. In this branch of engineering, civil engineers design, build,
and supervise systems to provide safe drinking water and to prevent and control pollution of
water supplies,both on the surface and underground. They also design,build,and supervise
projects to control or eliminate pollution of the land and air. These engineers build water and
wastewater treatment plants, and design air scrubbers and other devices to minimize or
eliminate air pollution caused by industrial processes ,incineration ,or other smoke-producing
activities. They also work to control toxic and hazardous wastes through the construction of
special dump sites or the neutralizing of toxic and hazardous substances. In addition, the
engineers desi’gn and manage sanitary landfills to prevent pollution of surrouding land.

Transportation engineering. Civil engineers working in this specialty build facilities to
ensure safe and efficient movement of both people and goods. They specialize in designing and
maintaining all types of transportation facilities shighways and streets,mass transit systems,
railroads and airfields, ports and harbors. Transportation engineers apply technological

knowledge as well as consideration of the economic spolitical ,and social factors in designing
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each project. They work closely with urban planners,since the quality of the community is
directly related to the quality of the transportation system.

Pipeline engineering. In this branch of civil engineering, engineers build pipelines and
related facilities which transport liquids, gases, or solids ranging from coal slurries (mixed
coal and water) and semiliquid wastes,to water,oil,and various types of highly combustible
and noncombustible gases. The engineers determine pipeline design, the economic and
environmental impact of a project on regions it must traverse, the type of materials to be
used-steel, concrete, plastic, or combinations of various materials-installation techniques,
methods for testing pipeline strength,and controls for maintaining proper pressure and rate
of flow of materials being transported. When hazardous materials are being carried,safety is a
major consideration as well.

Construction engineering. Civil engineers in this field oversee the construction of a
“project from beginning to end. Sometimes called project engineers,they apply both technical
and managerial skills, including knowledge of construction methods, planning, organizing,
financing, and operating construction projects. They coordinate the activities of virtually
everyone engaged in the work: the surveyors; workers who lay out and construct the
temporary roads and ramps, excavate for the foundation, build the forms and pour the
concrete; and workers who build the steel framework. These engineers also make regular
progress reports to the owners of the structure,

Community and urban planning. Those engaged in this area of civil engineering may plan
and develop communities within a city,or entire cities. Such planning involves far more than
engineering consideration; environmental, social, and economic factors in the use and
development of land and natural resources are also key elements. These civil engineers
coordinate planning of public works along with private development. They evaluate the kinds
of facilities needed,including streets and highways, public transportation systems, airports,
port facilities, water-supply and wastewater- -disposal systems, public buildings, parks, and
recreational and other facilities to ensure social and economic as well as environmental well-
being.

Photogrametry, surveying, and mapping. The civil engineers in this specialty precisely
measure the Earth’s surface to obtain reliable information for locating and designing
engineering projects. This practice often involves high-technology methods such as satellite
and aerial surveying,and computer—prbcessing of photographic imagery. Radio signals from
satellites,scans by laser and sonic beams,are converted to maps to provide far more accurate
measurements for boring tunnels, building highways and dams, plotting flood control and
irrigation projects, locating subsurface geologic formations that may affect a construction

. project,and a host of other building uses.

New Words and Expressions

term[ to:m ] n. RiE



predominate [pri'domineit] v. R ECHAL, (BE ) KL &
geotechnical[ ,d3i(:)au'teknikal ] a. HLTEH
specification [,spesifi'keifon] n. FEARN,BLEEH
supervise ['sju;pavaiz ] v. WE,EH,EH
subcontractor [ sabken'traekta ] n. BEAR.Bal, REREE
hurricane ['hariken] n. JRK
asphalt ['aesfaelt] n. M
aluminum [a'lju;minam ] n. 4§
lock [lok] n. 7K, ]
fill [fil] n. B4 HF
scrubber ['skraba] n. VAN, REB, EES
incineration [in,sina'reifon ] n. BR LB
toxic ['toksik] a. H#EOH,.HEM
combustible [kom'bastebl ] a. ZRE, TR K
ramp [rzemp] n. S, B, /TE
excavate [ 'ekskoveit ] v. IBH, Y, B, g
precisely [pri'saisli] ad. YEWHy, FiF
aerial [ 'earial ] a. SEMMEH.ELH
sonic [ 'sonik] a. FEN . TELN,.FATEHN
plotting [ 'plotiy ] n. W%, brE
municipal [mju(:)'nisipsl] a. WBUM, MILAY, 0 B8
commission [ka'mifan ] n. §4§E,§¥E($1ﬂi),§ﬁ%.
runoff ['ran,of] n. B RB.EFBMNE
drainage system - HkREG

Exercises
[. Answer the following questions in English.
1. What is the main idea of the seventh paragraph?
2. What is the oldest of the engineering specialities?
3. Why is civil engineering subdivided into a number of technical specialties?
4. In which specialty,civil engineers deal with all aspects of the physical control of water?
5. When does safety become a major consideration ?
i

- When a project begins, the site is

. Fill in the blanks with phrases and expressions from the list, changing forms when
necessary.

survey technological preliminary asphalt

aluminum subdivide oversee

high-technology
and mapped by civil engineers who locate
utility placement-water,sewer,and power lines.

Transportation engineers apply
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economic,political ,and social factors in designing each project.

3. iThis practice often involves methods such as satellite and aerial surveying,and
computer-processing of photographic imagery.

4. Because it is so broad,civil engineering is into a number of technical specialties.

5. Structural specialists use data to make detailed designs,plans,and specifications
for the project.

6. Civil engineers in this field B the construction of a project from beginning to end.
They also determine the combination of appropriate materials steel, concrete, plastic,
stone, ~,brick, yor other construction materials.

Il. Translate the following sentences into Chinese.

Many civil engineers choose careers that eventually lead to management. Others are able

" to start their careers in management positions. The civil engineer-manager combines technical

knowledge with an ability to organize and coordinate worker power ,materials ,machinery,and

money. These engineers may work in government-municipal scounty,state ,or federal.

V. Translate the following sentences into English.

L BE“Civil” R BFRTIEPHAR—A.

2. EA LRI MRS RS HENEBR TSR,

3. TR TAEEATRIT M T M, LR s 0B % ki 5 2 S e e,

Reading Material

Design Strategies and Traffic Control

For years,the design team grappled with the same constraints that the contractors are
now facing. The dilemma: how to build a wider roadway while avoiding side-hill cuts and
fills that, in many cases, were impossible anyway because of the steep terrain (There are
places where the cliffs actually overhang the bottom of the canyon).

The answer was a terraced arrangement with the westbound roadway higher than the
eastbound. Just for good measure, a concrete bikeway had to be installed along the entire
length. In places,this is cantilevered from the lower retaining walls.

Typically,the pavement slabs in both directions overhang the face of the retaining wall
by 6 ft. Precast double-tee retaining wall segments, 10 ft wide,are placed onto a continuous
reinforced footing. After being leveled and bolted into place, they are post-tensioned by
means of threaded rods that had been cast into the footing and inserted through ducts cast
into the stems of the tees.

Pavement slabs are constructed in 200 ft lengths with diagonal joints. Ducts for post-
tensioning strands or rods are then placed parallel to the joints in a crisscross pattern. This
allows two-way post-tensioning with all stressing taking place along one edge of the slab.
The advantage is the adjacent slab can be poured before the previous one is post-tensioned.
This design has performed well under traffic in a section that was completed several years

ago,and people seem to like the way it looks.



There are places,however,that do require excavation on the uphill side. Retaining walls
here are concrete panels held in place by soil anchors. Unsuitable geologic conditions "have
presented other problems. These vary from unstable talus with large voids to deep clay
deposits where embankments have settled about 2 ft. ‘

Because the precast systems could not tolerate differential settlement, the designers
began a program of experimental and phased construction that has evolved into a standard
two-phase operation. Various types of flexible retaining walls-fabric, wire mesh and earth
reinforced systems-have been installed. After primary consolidation, most settled just as
predicted.

Constructing bridge piers and abutments on loose talus was quite another matter. Voids
could collapse when superstructure loads were transferred to the foundation. Since deep
foundations had been ruled out by economic and ecology considerations, the talus was
stabilized so that spread footings could be used. This was done by injecting a cement grout
mixture at high pressure into the talus at the bridge foundation locations to create a
homogenous concrete mass.

This method also proved effective in an emergency at a spot where no such settlement
had been expected. The abutment of a cast in place box girder bridge settled soon after the
falsework was removed, and the superstructure had to be jacked in order to relieve
supercritical stresses. Immediate grouting stopped the subsidence,all settlement ceased and
no further problems were encountered with the structure.

The 39 bridges vary from less than 100 ft to more than 7,000 ft for a total of some 6
miles. Where there is sufficient space to stockpile materials,cast-in-place box girder bridges
are built. Space is a luxury, however,so the emphasis is on prefabricated superstructures.
Several segmental box girder bridges are already carrying traffic,and one steel box girder
bridge is now under construction. Future bridges are being designed as steel and concrete
alternates. '

The traffic control solution is also an innovative milestone. From the start,state officials
knew that with many contractors strung along the cramped ,narrow site and travelers with no
other route west or east, traffic coordination and management were a prime concern. The
worst crunch came in 1984, when the high runoff threatened to flood the canyon. Temporary
flood controls had to be constructed,and even under these emergency-conditions it took more
than 1. 5 hours to clear all vehicles from the canyon.

This incident prompted the state to put all traffic control in the hands of its management
consultant, DMJM, which-devised a coordinated program of flagging, radio communication
and having a one-way pilot car leading cars through the intensive construction activity.

“Our concern was to create an overall traffic control system rather than leaving it up to

the individual contractors,”

Trapani says. “We call the pilot car drivers °traffic
controllers’because they have to make minute by minute decisions about moving equipment
on and off lanes. They also have to deal with emergencies. ”

The pilot car traffic operation was tested successfully early in 1985 on a 3. 6 mile
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segment. It minimized the number of stoppages,gave contractors predictable times during
which they were free to use the entire roadway platform, virtually eliminated random
stopping or parking, and reduced the possibility of conflicts between motorists and
contractors. During the summer,the one-lane pilot car queue became so efficient that even
during peak traffic periods the roadway never had to be opened to two-lane traffic during
periods designated for one-lane operation.

A radio communication network (using RM high band as well as CB frequencies) linked
the pilot cars,all traffic control supervisors,CDOH construction field offices and key district
personnel,plus operators of the Shoshone Power Plant,whose personnel commuted through
the construction site,and the State Highway Patrol.

At first,planners expected that contractors’vehicles and equipment would join the one-
way traffic queue. But the new control system allows contractors to use the free lane adjacent
to the waiting queue and also the single auto travel lane between queues. This requires close
coordination by well trained traffic controllers who,in effect, make contract administration
decisions constantly on behalf of the state.

The fact that these controllers are hired and managed by DMJM instead of by the
individual contractors is what makes the operation unique. For 1986, the full traffic control
management plan will be directed by a traffic coordinator and an assistant who,while direct
employees of DMJM,will act as extended staff of CDOH. They will recruit,train and manage
all personnel.

Traffic management support personnel, while not direct employees of DMJM, will be
managed by the firm but supplied by a lease-labor service organization.

Advantages of the plan are clear delineation of responsibilities between the state and
individual contractors,and reduced contractor claims,more professional personnel ,and lower
costs. By including the professional services under the DMJM management consultant
contract,the state is protected by the firm’s insurance policies and other protective terms of
the existing contract. The state, on the other hand, has well trained support personnel
(flaggers,etc. ) who earn the same salaries as they did before but at considerably reduced
overheads.

Construction of I-70 through Glenwood Canyon is now 24 % complete. More than 35
separate construction contracts will have been awarded before the entire project is completed

in 1993,and costs are expected to be about $ 330 million.

New Words and Expressions

grapple ['grapl] v. ¥}

contractor ken'trackto ] n ITANKBA
overhang ['ouve'hap] v. &T2Z2LE,.BE
canyon ['kaenjon] n. kG . BE
cantilever ['kantili;va] v el EH



duct [dakt]

diagonal [dai'seganl ]

geologic [dzia'lodsik |

ecology [i(;)'kolad3i]
homogenous [ha'mod3zinas ]
abutment [a'batmant ]
falsework ['fo:lswark |
superstructure ['sjuipastraktfa]

grout [graut]

subsidence ['sabsidens]
prefabricate ['pri'faebrikeit ]
innovative [ 'insauveitiv ]
milestone ['mailstaun]]
cramp [kraemp ]
designate ['dezigneit ]
patrol [pa'traul]
side-hill

westbound

eastbound

double-tee

post-tension

crisscross pattern

retaining wall
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