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Sectiom I Basfc knowledge for Port &
Chamnel Bngineering

Lesson 1 Careers in Civil Engineering

Engineering is a profession, which means that an engineer must have a specialized uni-
versity education. * Many government jurisdictions also have licensing procedures which re-
quire engineering graduates to pass an examination, similar to the bar examinations” for a
lawyer, before they can actively start on their careers.

In the university , mathematics, physics, and chemistry are heavily emphasized through-
out the engineering curriculum, but particularly in the first two or three years. Mathematics
is very important in all branches of engineering, so it is greatly stressed. Today, mathema
tics includes courses in statistics, which deals with gathering, classifying, and using numeri-
cal data, or pieces of information. An important aspect of statistical mathematics is proba-
bility, which deals with what may happen when there are different factors, or variables,
that can change the results of a problem. Before the construction of a bridge is undertaken,
for example, a statistical study is made of the amount of traffic* the bridge will be expected
to handie. ~

Because a great deal of calculation is involved in solving many problems, computer pro-
gramming is now included in almost all engineering curricula. Computers, of course, can
solve many problems involving calculations with greater speed and accuracy than a human
being can. But computers are useless unless they are given clear and accurate instructions
and information —in other words, a good program.

The last two years of an engineering program include subjects within the student’s field
of specialization. For the student who is preparing to become a civil engineer , these special-
ized courses may deal with such subjects as geodetic surveying, soil mechanics, or hy-
draulics.

The civil engineer may work in research, desgin, construction supervision, mainte-
nance, or even in sales or management. Each of these areas involves different duties, dif-
ferent emphases, and different uses of the engineer's knowledge and experience.

Research is one of the most important aspects of scientific and engineering practice. A
researcher usually works as a member of a team with other scientists and engineers. He or
she is often employed in a laboratory that is financed by government or industry. Areas of
research connected with civit engineering include soil mechanics and soil stabilization tech-
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niques, and also the development and testing of new structural materials.
Careful study is given to each project even before design work begins. The study in-

cludes a survey both of topographical and subsoil features of the proposed site. It also in-
cludes a consideration of possible alternatives. such as a concrete gravity dam or an earth-
fill embankment dam. The economic factors involved in each of the possible alternatives
must also be weighed. Today, a study usually includes a consideration of the environmental
impact of the project. Many engineers, usually working as a team that includes surveyors,
specialists in soil mechanics, and experts in design and construction, are involved in making

these feasibility studies.

Construction is a complicated process on almost all engineering projects. It involves

-

scheduling the work and utilizing the equipment and the materials so that costs are kept as ‘
low as possible. Safety factors must also be taken into account, since construction can be
very dangerous. Many civil engineers therefore specialize in the construction phase.
After the structure has been completed, it must be kept from falling into disrepair ;"
therefore many engineers specialize in maintenance. This is often a function of the privately
owned utility or governmental agency that will ultimately be responsible for the completed
structure. A large system like the California State Water Project obviously requires a large
maintenance staff under the supervision of qualified engineers.

Much of the work of civil engineers is carried on outdoors, often in rugged and difficult
terrain or under dangerous conditions. In addition, the work must also progress under all
kinds of weather conditions. The prospective civil engineer should be aware of the physical

demands that will be made on him or her.

New Words and Expfessions

1. Career V. %

2. civil engineering >+ KT
3. profession %l
4
5

16.

. government jurisdiction B 4TEIX 17.
.license & 1F W[ 18.
v. bar examination £ & # % ik 19.
7. mathematics ¥(%# 20.
8. physics ¥ % 21.
9. chemistry {L2¢ 22.
10. curriculum 2 IFIER 23.
(% curricula ) 24.

11. statistics 4t it 25.
12. data ¥ 26.
13. information ¥t%t. {3 8 27.
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14.
15.

probability #f%& i

traffic 2558 , 25

handle 4b3E, & 5%

computer programming %l it EHLEF
geodetic surveying il & =
soil mechanics 1 /1%
hydraulics 7K /1%

research #ff4%

design %3t

construction J T

supervision B, VB, 158
maintenance ¥
management 22# &

team PA.4H



28. finance ¥Hi

29. stabilization ¥ &

30. structural material 254 #

31. project (n.OIRHE it % TRRT
(v. O e

32. survey R, B E

33. topographical features i JE4F1E

34.subsoil J&+ . L. TE L

35. proposed site i £ HH 15

36. alternatives H¥ &

37. earth-fill embankment dam & + 1l

38. concrete B&E+

39

40.
41.
42.
43.
44.
45.
46.
47.
48.
49.

Notes

. gravity dam & /7131
environment #fi¥
surveyor il & A 5
feasibility aJ T
schedule H 2% HE
disrepair %1
privately owned utility F.8 23 F $lL A &)
be responsible for Rfe---- 1 3

rugged I 1K (¥

terrain M1 , I8

prospective K &)

1. which means that. .. . XEAEREHEBBENT. ¥BHA which AR BTE BN T

] engineering is a profession.

2. bar: HEERRIEREE, BRI BIF R
3. of the amount of traffic: XA A 41IE1E &8 A, 11 a statistical study . B HE LR
kiiEE AN E, N TEATEX—E TR AFEMIR, FUBEBIEEZ

&
the bridge will be. .. :iX

fall into disrepair . 1%  EEBHE.

-~y U

BA 2 ] L HIDLIBH traffic, MLAL BE T R BRIA which.
. 1t also includes a consideration of. .. :it 4% /3] #y study.

. that will be made on him or her: & E1E M 5. F L& physical demands.

Lesson 2 Hydrologic Cycle

“Hydrology treats of the waters of the Earth, their occurrence, circulation, and distribu-
tion. their chemical and physical properties, and their reaction with their environment, in-
cluding their relation to living things. The domain of hydrology embraces the full life history
of water on the Earth”. Engineering hydroiogy includes those segments of the field pertinent
to planning . design. and operation of engineering projects for the control and use of water. *
The boundaries between hydrology and other earth sciences such as meteorology, oceano
graphy. and geology are indistinct, and no good purpose is served by atiempting to define
them rigidly. Likewise, the distinctions between engineering hydrology and other branches
of applied hydrology are vague. Indeed., engineers owe much of their present knowledge of
hydrology to agriculturists. foresters, meteorologists, geoclogists, and others in a variety of
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fields.

The concept of the hydrologic cycle is a useful, if academic, point from which to begin
the study of hydrology. This.cycle is visualized as beginning with the evaporation of water
from the oceans. The resulting vapor is transported by moving air masses. Under the proper
conditions, the vapor” is condensed to form clouds, which in turn may result in precipita-
tion. © The precipitation which falls upon land” is dispersed in several ways. The greater
part is temporarily retained in the soil near where it falls” and is ultimately returned to the
atmosphere by evaporation and transpiration by plants. A portion of the water find its way -
over and through the surface soil to stream channels, while other water penetrates farther
into the ground to become part of the groundwater. Under the influence of gravity, both sur-
face streamflow and groundwater move toward lower elevations and may eventually dis-
charge into the ocean. However, substantial quantities of surface and underground water
are returned to the atmosphere by evaporation and transpiration before reaching the oceans.

The discussion of the hydrologic cycle should not give an impression of a continuous
mechanism through which water moves steadily at a constant rate. The movement of water
through the cycle is erratic, both in time and over area. On occasion, nature provides tor-
rential rains which tax surface-channel capacities to the utmost. At other times it seems that
the machinery of the cycle has stopped compietely and, with it, precipitation and stream-
flow. In adjacent areas the variations in the cycle may be quite different. It is precisely
these extremes of flood and drought that are of most interest to the engineering hydrologist,
for hydraulic engineering projects are designed to protect against the ill effect of extremes.
The reasons for these climatic extremes are found in the science of metecorclogy and should
be understood, in broad detail at least, by the hydroiogist.

Hydrologists are interested in more than obtaining a qualitative understanding of the hy-
drologic cycie and measuring the quantities of water in transit in this cycle. They must be
able to deal quantitatively with the interrelations between factors so that they can predict
the influence of human activities on these relationships. They must concern themselves with
the frequency with which extremes of the cycie may occur, for this is the basis of economic
analysis, an important determinant for all hydraulic projects.

New Words and Expressions

1. hydrologic cycle 7K CTEH 8. embrace f1¥5

2.hydrology KXX%¥ 9. segment ¥4

3.treat of #it 10. pertinent to %

4. occurrence 17 11. planning 1 %1

5. circulation {&¥F 12. operation 28 , 81k, &%
6. distribution 43 #i 13. earth science HiBR¥l ¥

7. domain ], S 14. meteorology K% %
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15.
16.
17.
18.
19.
20.
21
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.

oceanography %
geology Ht Jf#

no good purpose JoAE 41. substantial K B&#Y
rigid MEAEHY 42. constant A8 fy, B ¥
vague BRI 43. steady {HEW
owe much of...to IHIhTF 44. erratic FEEH
in a variety of firfj 45. on occasion & Hf
visualize %18 ,18% 46. torrential rain BF
evaporation X 47. tax FIE
air mass K H# 48. with it HHHE
condense ¥ %E 49. adjacent 3RITHY
in turn PR, X 50. extremes R AE , Bt %
result in & 51. flood #tsK
precipitation &7k 52.drought £
disperse 281,98 53.0f interest to XK 4#
temporarily it # 54. hydraulic engineering project (& hy-
retain £ &, 174% draulic project) 7KF| T
ultimately £ 55.l1 effect &R
transpiration 8% 56.broad detail HL$E:EY
surface soil £+ 57.in transit FEiEH+
find its way. .. to(F into) B3k, B} LBlX  58. predict Hiill
stream 1R, 78 59. concern themselves with 3.0
channel 1,3 ,KiE, & 60. determinant R EH &
penetrate %%

Notes

1. for the control and use of water . 1t i#l % iE{EE1& , {51 engineering projects.

. resulting: & 4ridl1E & 15 , B4 vapor.

[\]

39

40.

. groundwater 3 T /K
eventually B2

. which in turn may result in precipitation. J*3EBR %4k & 15 W 4] , B4 clouds.

. which falls upon land; R &4k € 38 8] , B4 precipitation.

near where it falls: & i& M ) , &4 soil.

. for hydraulic engineering projects are designed to protect against the ill effect of ex-

tremes : 1 JEBELRE N .

> W

Lesson 3 The Grand Canyon

The canyons of America’s southwest are deep. ancient openings in the Earth. They look
5



as if they formed as * the Earth split apart. But the canyons did not split. They were cut by
rivers. The rivets carried dirt and tiny picecs of stone that slowly ate away at the surround-
ing rock. For millions of years, the rivers turned and pushed, cutting deeper and deeper into
the Earth. * In their paths, they left great rocky divides in the Earth that extend for hundreds
of kilometers. '

A canyon is almost the opposite of a mountain. Narrow at the bottom; wider at the top.
It is as if a mountain were turned over, pushed into the Earth, and removed. Only its form
remains. The Grand Canyon in Arizona is one of the largest and most beautiful of all
canyons. It extends 450 kilometers.

When you come upon the canyon, walls of rock fall away sharply at your feet. In some
places, the canyon walls are more than a kilometer deep. Far below is the dark, twisting
line of the Colorado River.

On the other side, sunshine lights up the naked rock walls in colors of red, orange and
gold. The bright colors of the canyon’s walls are the result of minerals in the rocks. Their
appearance changes endlessly. . . with the light, the time of year, and the weather. At sun-
set, when the sun has moved across the sky, the canyon walls give up their reds and golds.
They take on quieter colors of blue, purple and green.

Hundreds of rocky points rise from the bottom of the canyon. Some are very tall. Yet
they are all below the level of an obsrever on the edge, looking over. *

Looking at the Grand Canyon is like looking back in time. Forty-million years ago, the
Colorado River began cutting through the area. * At the same time, the surrounding land
was being pushed up by forces deep within the Earth. Rain, snow, ice, wind and plant
growth rubbed away at the top of the new canyon. And below, the flowing river continued to
uncover more and more levels of ancient rock. Some of Earth’s oldest rocks are seen here.
Level upon level of granites, schists, limestones and sandstones.

The Canyon has several different weather environments. The top is often much different
from the bottom. On some winter days, for example, you may find cold winds and snow at
the top. But at the bottom, you may find warm winds and flowers.

The Indians left no records of their knowiedge of the Grand Canyon. Much of what we
know today was recorded bv '~hn Wesley Powell. In 1869, he became the first white Ameri-
can tu explere much of the Canyon. Powell and his group traveled in four boats. They knew
very littie about getting over the rapid, rocky water of the Colorado River. In many areas of
fast-flowing water, a boat could be turned over by a wave as high as a house. Powell and
his group spent more than three months on the river. They soon lost some of their food and
equipment. At one especially dangerous rapids. three members of the group left. As they
walked up and out of the Canyon, they were murdered by Indians. The rest of Powell's
group was lucky to survive. Starving and tired, they finally reached the end of the Canyon.

Powell’s reports and maps from the trip made him famous and greatly increased interest
in the Grand Canyon. But visitors did not begin to go to the Canyon in large numbers until
1901. That was when a railroad reached the area.
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Today, the Grand Canyon is known as one of the seven wonders of the natural world. in
1989, almost four-million people visited the Canyon. Many were from other countries. Most
visitors walk part way down into the Canyon along small, steep paths. It takes several
hours to walk to the bottom. it takes two times as long to get back up. Some visitors ride
muies to the bottom and back.

About 30, 000 people see the Canyon by air each year. They pay a helicopter or air-
plane pilot to fly them above and around the Canyon. About 17,000 people a year see the
Grand Canyon from the Colorado itself. They ride air-filled rafts of other boats over the
rapid, rocky water. These trips last from one to three weeks.

America’s National Park Service is responsible for protecting the Grand Canyon from
the effects of so many visitors. All waste material must be carried out of the Canyon. All
rocks, historical objects, plants and wildlife must be left untouched. As the National Park
Service tells visitors;“Take only photographs. Leave only footprints. ”

Many writers have tried to describe the wonder of the Grand Canyon. Yet writers re
cognize that it is impossible to put human meaning in such a place. * Writer and scientist
Larry Stevens says the almost overpowering silence and deepness of the Canyon shakes

people-at least briefly-out of their self-importance. He says it makes us remember our place
in the nature world.

New Words and Expressions

1.canyon :4F 12. granite £ X%

2.ancient HALH 13.schist {2

3. split 34FF 14.limestone K& , G KA

4.dirt Bt 15. sandstone #b %

5. tiny /MY 16. explore Bhix , K

6. twisting fHiTRY 17.rapids 2.2

7.naked REEH 18. survive EHF

8. mineral ¥4 19. mule 3%

9. appearance 4 20. helicopter HF Kl

10. purple ¥££ - 21.raft &

11. rocky point A% 22. overpower {8, i ik
Notes

1. look as if; EE R they formed K FEiE N, 5 H AT as ZRIEE.
9. cutting deeper and deeper into the Earth. 4 i %518 {E k15, deeper and deeper
into the Earth &} 2 %4fi cutting AIRTE .



3. looking over: FX4HAI{EIRIE , &1 an observer.
4. cutting through the area: J began #JEi% ,cutting A3 #H.

5. that it is impossible to put human meaning in such a place: X & WA].it K5 Fid,
FHAAER to put A REEH FiE.

Lesson 4 River

River is a large natural stream of fresh water that flows across land in & definite channel
for all or part of the year. Rivers range widely in their physical characteristics from narrow,
roaring mountain torrents to vast expanses of silently gliding water. The integral part rivers
have played in the development of civilization is undisputed. *

Rivers always have transportation routes, both on the water and along the adjacent
banks. Rivers are also suppliers of water and energy, and waste carriers for man and na-
ture. Through their flood deposits they have provided fertile level land. The land supplies
much of the world's food, often with the aid of irrigation from the stored floodwaters. For
these reasons, in spite of repeated catastrophic floods, river valleys have been cradies of
civilization and routes of exploration throughout time.

Supplying water is probably the most important economic role of rivers. Water, a re-
newable resource, is both the least expensive and most essential commaodity-except for air-
that man uses. As is the usual case where cost is not a major consideration, water is often
used carelessly. * The Cuyahoga River at Cleveland, Ohio (USA), for example, actually
caught fire because of the quantity of hydrocarbon wastes dumped in it. Such visible poliu-
tion is not as frightening as the other industrial wastes that may become even more toxic
when chlorine is added at a water treatment facility downstream.

in the developed nations major efforts are being made to clean up sewage and industrial
wastewater before it is discharged into rivers and streams so that the water may be used a-
gain downstream. Farming and mining practices are being modified to yield less sediment
and fewer pollutants. As a result of these efforts, many streams are running cleaner than
they have since about 1930.

The rich, irrigated farmlands of river floodplains, terraces, and alluvial fans in such
countries as Egypt, Pakistan, China, India, and Mexico and in the southwestern United
States are essential to feeding a major part of the world's people. One indicator of the value
of a river's contribution to fertile soil is the increased need for artificial fertilizer for Egyptian
fields no longer enriched each year by the floods of the Nile. Perhaps the extreme exampie
of a people adjusted to living with a river is the tens of thousands of people who take to
boats each year during the floods of the Ganges-Brahmaputra in Bangladesh. As the newly
formed bars in the river become islands during the recession of the floodwaters, the new

land is planted with a crop. The tops of the bars are said to be green with crops before the
flood is over.
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New Words and Expressions

1. fresh water %7K 24. visible B] BLAY
2. characteristic Hr1iE 25. pollution 15 %4
3.roar M0y, R 26. frighten B]4H
4. mountain torrent It , L& (TR 27. toxic HEM
5. vast expanse & 7K 15 28. chlorine &
6. glide ¥ 3, 1T 29. water treatment facility /K Qb3
7. integral A A A 30. sewage 57K '
§. civilization A5, 3C 1k 31. discharge iti%, HEAK
9. undisputed 2 J.5E [A] 32. modify T
10. route 3% , A RE 33. sediment LY. IBYD
11. supplier ity & 34. pollutant 75 4L
12. deposits TR 35.as a result of fE A G5 R
13.irrigation BT 36. irrigated farmland B B& M ,7KH
14.in spite of RE , A& 37. floodplain HEH!
15. catastrophic K E1EH 38. terrace [
16. river valley {4 39. alluvial fan W 5
17.cradle &K, R IFH 40. indicator &4, R
18. exploration % 41. fertile IBYRAY
19. renewable resource 7] F H IR 42. fertilizer AR
20. commodity & & 43. adjust to FERY e oo
21. catch fire & K 44.bar ¥PI
22. hydrocarbon BRE L &4 45. recession JHIR
23. dump {58 46.crop %, 1EY
Notes

As is the usual case where cost is not a major consideration: &3¢ & fid as 51 #3E
REL 404 5 9B N ) , B R A £ ) sas TENE TR EiE . WA R XU A —1- i where 3| H
618 ), B R B U T B BN A .

Lesson 5 Properties of Fluids

1. Density, Specific weight, and Specific gravity
The density p of a fluid is its mass per unit volume. In the international system of units
g



(St units), density o will be in kg/m*, which may also be expressed as units of N - s/
m'. *

Specific weight 7 represents the force exerted by gravity on a unit volume of fluid and
therefore must have the units of force per unit volume, such as N/m’.
Density and specific weight of a fluid are related as follows:

p=— or V=pg

Since the physical equations are dimensionally homogeneous, the dimensions of density
are

dimensions of Y = N/m? _ dimensions of mass kg
dimensions of g m/s’ dimensions of volume m?®

It should be noted that density p is absclute * since it depends on mass which is inde-
pendent of location. Specific weight ¥, on the other hand, is not absolute for it depends on
the value of the gravitational acceleration g which varies with location, primarily latitude
and elevation above mean sea level.

Specific gravity s of a liquid is the ratio of its density to that of pure water at a standard
temperature. In the metric system the density of water at 4(C is 1.0 g/cm?®, equivalent to
1000kg/m?, and hence the specific gravity (which is dimensioniess) has the same numerical
value for a liquid in that system as its density expressed in g/cm’ or in Mg/m?.

2. Viscosity

The viscosity of a fluid is a measure of its resistance to shear or angular deformation.
The friction forces in fluid flow result from the cohesion and momentum interchange between
molecules in the fluid. As the temperature increases. the viscosities of all liquids decrease,
while the viscosities of all gases increase. This is because the force of cohesion. which di-
minishes with temperature, predominates with liquids, while with gases the predominating
factor is the interchange of molecules between the layers of different velocities. Thus a
rapidly moving molecule shifting into a slower-moving layer tends to speed up the latter.
And a slow-moving molecule entering a faster-moving layer tends to slow it down. This
molecular interchange sets up a shear, or produces a friction force between adjacent layers.
Increased molecular activity * at higher temperatures causes the viscosity of gases to in-
crease with temperature.

Consider two parallel plates(Fig. 5. 1), sufficient-
ly large so that edge conditions may be neglected* , r'_—‘—'1
placed a small distance Y apart, the space between [T
being filled with the fluid. The lower surface is as- %
sumed to be stationary. while the upper is moved pa l
rallel to it with a velocity U by the application of a =
force F corresponding to some area A of the moving Fig. 5.1
plate.

T ‘g

Particles of the fluid in contact with each plate will adhere to it, and if the distance Y is

10



not too great or the velocity U too high, the velocity distribution will be & §taight line, and
the velocity gradient is a constant. '

AU
F~2

It may be seen from similar triangles in Fig. 5. 1 that U/Y can be replaced by the veloci-
ty gradient du/dy. If a constant of proportionality « is now introduced, the shearing stress ¢
between any two thin sheets of fluid may be expressed by

Y S A (5>
Equation (5-1) is called Newton's equation of viscosity, and in transposed form* it serves
to define the proportionality constant
T
= du/dy
which is called the coefficient of viscosity, the absolute viscosity. the dynamic viscosity
(since it involves force), or simply the viscosity of the fluid.

An ideal fluid may be defined as one in which there is no friction, that is. its viscosity is
zero. Thus the internal forces at any internal section are always normal to the section, even
during motion. Hence the forces are purely pressure forces. Such a fluid does not exist in re-
ality.

The dimensions of absolute viscosity are force per unit area divided by velocity gradi-
ent. In S| system the dimensions of absolute viscosity are as follows:

N/m? N e«s

Dimensions of g = —— = 5
s m

In many problems involving viscosity there frequently appears the value of viscosity di-
vided by density. This is defined as kinematic viscosity v, so called because force is not in-
volved. the only dimensions being length and time. as in kinematics. Thus

v =L

0
In the metric system the units of v are cm’, s.

New Words and Expressions

1. property #5ik 9.1atitude & &

2. fluid K 10. elevation & &

3. density & & 11.mean sea level FX¥EFH
4. specific weight EF (AHE) 12. metric system * |

5. specific gravity X% & 13. equivalent 84 F

6. system of units B {i | 14. Mg=megagram 10° 57

7. homogeneous —Z(#) 15. viscosity Ri#FtE K

8. dimension # 47,4k 16. measure B F
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