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Sectiom 1 Basic knowledge for Port &
Champel 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 precedures 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 particutarly 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 factars, or variables,
that can change the results of a problem. Betore 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 handle. *

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-
hance. 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 laberatory that is financed by government or industry. Areas of
research connected with civit engineering include scil 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 topegraphical and subsoil features of the proposed site. It also in-

cludes a consideraticn 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, usuailly working as a team that inciudes surveyors,
specialists in soil mechanics, and experts in design and construction . are involved in making

these feasibility studies.

s

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: *
theraefore 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 cutdoors, 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 i %

2. ¢ivil engineering 1. AR T#

3. profession k.

4. government jurisdiction B 47 E X
.license ®iF Wik

.bar examination I 4§ %X

a1t

[

7. mathematics 3% 20.
8. physics #) 384 21.
9. chemistry k2 22.
10. curriculum &3 E 23

(¥ curricula

11. statistics Ziit3 25
12. data $ri 26
13. information ¥t 1 & 27

2

14.
16.
16.
17.
18.
18.

probability 2

traffic 3%l , 25

handle 438 &%

computer programming f it EHLRF
geodetic surveying it R ¥

soil mechanics 1 775

hydraulics /K 71%

research iR

design ®if

. construction i T,

. supervision B, IF & . 519
.maintenance 4 #
.management 77 . E A
.team FA R



28. finance ¥ Eh

29. stabiiization B &

30. structurat material b0k

31. project (n. YR H it &), 7R, LHERT
(v. )

32.survey M & HE

33. topographical features it F 45 it

34.subsoil W+, E . T2+

33. proposed site T W T Y

36. alternatives tLEH &

37. earth-fill embankment dam 1 -1

3%. concrete {B¥+

39.
40.
41,
42.
43
44,
. privately owned utility R E SR EFLAF)
46.
47.
48.
49.

Notes

gravity dam & J; 1
environment FIE
surveyor JHE AR
feasibility =] T%
schedule HfEZHE
disrepair 5%

be responsible for e 1
rugged iKY

terrain M4 . iR
prospective K R¥

1. which means that. .. ;X EEREHEEAE . LB which ABHEWMEENE

/5] engineering is a profession.

]

. bar: MREEHRYE R GRE BRI B BIF R

3. of the amount of traffic: X MFEIEE &, #54% a statistical study . B AHEHK
ERiEENSE, N TES PRI TREFHENER, FUHEHRHEEZL

N

L

falt into disrepair . 1% . REBIE,

-] N

the bridge will be. .. XA 8 WA UM traffic . I 4k &8 T SCEXIE which.
1t alsc includes a consideration of. . . it {t# L] ] study.

that will be made on him or her : B2 iE WG] . FE LA B 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 hydrology includes those segments ot the field pertinent
to planning . design. and operation of engineering projects for the controi and use of water, ”
The boundaries between hydrology and other earth sciences such as metecrclogy, oceano
graphy . and geclogy are indistinct, and no good purpose is served by attempting io define
them rigidly. Likewise, the distinctions between engineering hydrology and other branches

of applied hydrology are vague. Indeed. engineers owe much of their present knowiedge of

hydrology to agriculturists, foresters, meteorologists . geclogists. and others in a variety of
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fields,

The concept of the hydrologic cycle is a useful, it 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
atmosphera by evaparation and transpiration by plants. A portion of the water find its way
over and through the surface soil to stream channels, whiie 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 intc the ocean. Mowever. substantia! quantities of surface and underground water
are returned to the atimosphere by evaporation and transpiration hefore reaching the cceans.

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 cver 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 cycie has stopped completely 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 enginsering hydrologist,
for hydraulic engineering preojects are designed to protect against the ill effect of extremes.
The reasons for these climatic extremes are found in the science of meteorology and should
be understood, in broad detail at least, by the hydrologist.

Hydrologists are interested in more than obtaining a qualitative understanding of the hy-
drologic cycie and measuring the guantities 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 ocour, for this is the basis of economic
analysis, an important determinant for all hydraulic projects.

New Words and Expressions

1. hydrolegic cycle 7K 3L HEFF 8. embrace A%

2. hydrolegy 7K L% 9. segment B4

3.treat of it 10. pertinent to Hx
4.ocourrence fE4E 11. planning % %I

5. circulation {§¥ 12. operation 25 , 1 {F, 8F%
6. distribution 4+ 7 13. earth science Hizkfl

7. domain 3 R . 909 14. meteorology AR F
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15.
18.
17.
18.
15,
20.
21.
22.
23.
24.
25.
26.
27.
28.
29,
30.
31.
32
33
3d.
5. find its way. . . to (5 into) B3k R B
36.
37.
38,

oceanography &%
geology 4

no good purpose JoUHE
rigid MEHE)

vague SRR

owe much of...to I9¥F
in a variety of fjtf
visualize 128,185
evaporation E %

air mass ‘X Hi

condense & &

in wrn AT, X

result in §2
precipitation F&E7K
disperse 43858
temporarily ¥ i #
retain 129 . {35
ultimately g%
transpiration 8%
surface soil £+

stream 1B, 38
channel ##,3E./KiE ., 88
penetrate %%

39. groundwater T 7K

40. eventually B 24k

41. substantial K E#)

42. constant 7Ry, B ¥

43. steady {EEHY

44. srratic REEH

45. on oceasion B

46. torrential rain BF

47.tax FE

48. with it

49. adjacent SRR

50. extremes & {8 R IHIHENR

51. fiood #AK

52.drought +8

53.of interest to A& MR

54. hydraulic engineering project (8§ hy-
draulic project) K& T#

55.1 effect JBR

56. broad detail #E{EHEH)

57.in transit FIEH S

58. predict Fi il

59. concern themselves with 3.0

60. determinant - EEH %

Notes

resulting. & HAVEE . &M vapor.

tremes ; 2 JE R P08 W 5] .

. for the controt and use of water . fi-if 4 IE{F 21 , 2 1 engineering projects.

which in turn may result in precipitation. % 3ER 75 & & 5 , 1848 clouds.
which falls upon land; AR EIH: E 18 I\ A . #54 precipitation.
near where it falls: Ei8 M A &4 soil.

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

Lesson 3 The Grand Canyon

The canyons of America’s southwest are deep . ancient openings in the Earth. They look
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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, culting 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.
[t is as if a mountain were turned over, pushed intoc the Earth, and removed. Only its form
remains. The Grand Canycn in Arizona is one of the largest and most beautiful of all
canycns. |t 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 betow is the dark, twisting
ling of the Colorade River.

On the other side, sunshine lights up the naked rock walis 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 tail. 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 surrcunding 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 t¢
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 mugch 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 ne records of their knowiedge of the Grand Canyon. Much of what we
know today was recorded by ~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 little 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 maore than three months on the river. They soon lost some of their food and
equipment. At one especially dangercus 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 1o 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 tc go to the Canyon in large numbers until
1901. That was when a railrcad 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 intc the Canyon along smail, steep paths. It takes several
hours to walk to the bottom. it takes two times as long to get back up. Some visitors ride
rmules 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 Colcorado 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 briefty-out of their sel-importance. He says it makes us remember our place
in the nature world.

New Words and Expressions

1. canyon M4 12. granite (£ %&

2. ancient H 1Ly 13. schist F ¥

3.split F 14.limestone K&, 1 KA

4. dirt B 1 15. sandstone #b %

5. tiny 1% Y 16. explore HhH, IR

6. twisting i # 17. rapids & . A

7.naked RE M 18. survive £

8. mineral ¥ 19. mule 38

9. appearance $H1 20. helicopter EF Kl

10. purple 16 - 21.raft £

11. rocky point A% 22. overpower Hf#, il iR
Notes

1. look as if: & &R 2 .they formed N FiEMH JEHE A as 2R EKHE.
9. cutting deeper and deeper into the Earth. #1417 #IE{EK1E .deeper and deeper fl
into the Earth L 2% 1M cutting [FAE .



3. looking over: A4HAEITEAR TR , #E1 an observer.
4. cutting through the area: % began HIEEiE ,cutting BT HFH .

5. that it is Impossible 16 put human meaning in such a place: K%M 45).it g 3| Fif],
BHiRAES o put ARE LN EiE.

Lesson 4 River

River is a large natural stream of fresh water that flows across land in a 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 fertiie 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 cradles 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 commodity-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, Ohic (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 elforts, many sireams 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 example
of a people adjusted to living with & 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 isiands 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.

8



New Words and Expressions

1. fresh water Jk7K 24. visible A IL&Y
2. characteristic $fL 2t. pollution 15 34
3.roar M0, MER 26. frighten 7]H
4. mountain torrent WL, LIE 3R 27. toxic H M
5. vast expanse ™ 7K 5 28. chloring &
6. glide ¥ 30, 1T 29. water treatment facitity /Kb
7. integrat 2H AL A% 30. sewage 757K '
&. civilization SRR, 4k, 31. discharge it 4%, BEi
9. undisputed Z 5] 32. modify Bk
10. route £¢ 5% . MRS 33. sediment T4 BV
11. supplier {iLfy# 34, pollutant 534
12. deposits iR 35.as a result of {E K- BIFERE
13. irrigation FE7E 36. irrigated farmiand B &AM, K H
14.in spite of B2, "% 37. ftoodplain HEH#
15. catastrophic ® E 4K 3&. tetrace [ Hh
16. river valley i & 39. alluvial fan T H
17. cradle f£18 , g 1k 4C. indicator & 7%, 5%
18. exploration IR 41. fertile AERAY
19. renewable resource T F H WIE 42. tertilizer A
20. commodity T 43. adjust to & [ ve-er
21. catch fire & K 4. bar 70
22. hydrocarbon BRE L34 45. recession &R
23. dump {5 46. crop [F1% . £
Notes

As is the usual case where cost is not a major consideration: M % & CiA as 3193
KB 4 S B N LIBT3 8) sas EVA PR EE . W LA E 1 where 5[ HEY
@ 13718 ), B B Th BE A 2% T 2 1B M)

Lesson 5 Properties of Fluids

1. Density . Specific weight. and Specific gravity
The density » of a fluid is its mass per unit volume. In the international system of units
5



(SI units), density e will be in kg/m?. which may also be expressed as units of N » s°/
m'. *

Specific weight ¥ 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 foilows:

oo ¥y

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

dimensions r)f}'_ _ Nym' _ dimensions of mass kg
dimensions o f 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 absoiute for it depends on
the value of the gravitational acceteration g which varies with location, primarily latitude
and eievation 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 ta shear or angular deformation.
The friction forces in fluid flow result from the cohesion and momentum interchange between
molecuies 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 paraliel plates(Fig. 5. 1}, sufficient-
ly large so that edge conditions may be neglected~ , ]"—‘—‘1

placed a small distance Y apart, the space between IT o T i 1—=F
being filled with the fluid. The lower surface is as- vy {7 L

sumed to be stationary, while the upper is moved pa I du

rallel to it with a velocity U7 by the application of a l —

force F corraesponding to some area A of the moving Fig, 5. |

plate.

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

10



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

Al?
F o —Y-

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

72%2#%3#% (5-1)
Equation (5-1) is called Newion's equation of viscosity, and in transposed form * it serves
to define the proportionality constant
T
“= duldy
which is calied the coefficient of viscosity. the absolute viscosity. the dynamic viscosity
(since it involves force), or simply the viscosity of the fluid.

An ideal fiuid may be defined as one in which there is no friction, that is, its viscosity is
zern. Thus the internal forces at any internal section are always normal 1o 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 ! system the dimensions of absclute viscosity are as follows;

N/m* N5

1 - ]

) [

[hmesions of g o=

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

p— £

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

New Words and Expressions

1. property £t 9. latitude 4 B

2. fluid i & 10. elevation &%

3. density & & 11. mean sea level “FX4 ¥ @
4. specific weight EFF (FHE) 12. metric system

5. specific gravity 8T # & 13. equivalent #5234 F

5. system of units 8% {3 i 14. Mg=megagram 10° 5

7. homogeneous —E(#) 15. viscosity ##itE ¥ 5

8. dimension &4, #f 15. measuwe 5
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17. resistance L. HLILH 27, edge condition i1 F & (4

18. shear B747, 175,89 h . ¥ h 28. application of force /1

15. angular deformation #1787 Z9. particle fiff &

20. cohesion N 30. adhere ¥

21. momentum #) & 31. velocity gradient IR
22. interchange i 32. similar triangles M= AT
23. molecule 4T 33. proportionality Lt

24. diminish ¥ /]s 34. coefficient &%

25. predominate & {389, BB X KC M A7 Y 35. internal force B 7
26. parailel F478) , 848y

Notes

1. density g will be in. .. which may also be expressed as. .. AR 34,

2. It should be noted that density is absolute; A} H7 It Jy5|F1d.that density p... A FiE
WA, Heh absolute B AT, B o BARSE  HEEL, B L HREERE N, B
DR A N1 3 -

3. increased molecular activity : molecular 1 817 1€ 2 i% 1811 & 17 actvity. increased 7%
i %4 EAE BT . 1510 activity.

1. sufficiently large so that edge conditions may be neglected: ] Gl %5 T which are,
3k R #1818 ML 8] . B4 two parallel plates.

5. in transposed form 418 SIB{ERE .

Lesson 6 Prestressed Concrete

The rapid growth from 1845 onwards in the prestressing of concrete shows that there
was a real need for this high-quality structural material. The quality must be high because *
the worst conditions of loading normally occur at the beginning of the life of the member, at
the transfer of stress from the steei to the concrete. Failure is therefore more likely then
than later, when the concrete has become stronger and the siress in the steel has decreased
because of creep in the steel and the concrete, and shrinkage of the concrete. Faulty mem-
bers are therefore observed and thrown out early, before they enter* the structure, or at
least before it becomes inconvenient to remove them.

The main advantages of prestressed concrete in comparison with reinforced concrete
are:

(a) The whole concrete cross-section resists load. In reinforced concrete about half the
section. the cracked area below the meutral axis, does no useful work. Working deflec-
tions * are smaller(Fig. 6. 1).
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(b High working stresses are possibie. In reinforced concrete they are not usually pos-
sible because they result in severe cracking which * is always ugly and may be dangerous if
it causes rusting of the steel.

(¢) Cracking is almost completely avoided in prestressed concrete.

8teel Reinforcement

[t_‘ 7*)] L__' 1

' Before Loading '

Before Stressing Up Or Loading

Compressed Face Q
—=—" Prestressed But Not Loaded

——

Shaowing{Upward bending (Hogging)

A —

Prestressed And Foaded '

Crack onTension Face
After Loading

Reinf d Concrel z
orced Lonerele Beam Smatl Deflectinon Than

Reinforced Concrete Beam)

Prestressed Congrete Beam

Fig. 6.1  Prestressed conerete and renforeed conerete

The main disatvantage of prestressed concrete is that much more care is needed to
make it than teinforced concrete and it is therefore more expensive, but because it is of
higher quality less of it * needs to be used. It can therefare happen that a solution of a struc-
tural preblem may be cheaper in prestressed concrete than in reinforced concrete, and it
does often happen that a solution is possible with prestressing but impossible without it.

Prestressing of the concrete means that it is placed under compression * before it car-
ries any working load. This means that the section can be dasigned so that it takes no ten-
sion or very little under the full design load. it therefore has theoretically no cracks and in
practice very few. The prestress is usually applied by tensioning the steel before the con-
crete in which it is embedded * has hardened. After the concrete has hardened enough to
take * the stress from the steel. some of the stress is transferred from the steel to the con-
crete.

The most important part of a precast prestressed concrete beam are the tendons and
the concrete. The tendeons. as the name implies * . are the cables. rods or wires of steel
which are under tension in the concrete. Before the concrete has hardened (before transfer
of stress). the tendons are either unstressed (post-tensioned prestressing) or are stressed
and held by abutments outside the concrete{pre-tensioned prestressing). While the concrete
is hardening it grips each tendon more and more tightly by bond along its full lentgth. End
anchorages consisting of plates or block are placed on the ends of the tendons of post-ten-
sSioned prestressed units, and such tendons are stressed up at time of transfer, when the
concrete has hardened sufficiently. In the other type of prestressing, with pre-tensioned ten-
dons, the tendons are released from external abutments at the moment of transfer, and act

13



on the concrete through bond or anchorage or both, shortening it by compression, and them-
selves also shortening and losing some tension.

Further shortening of the concrete(and therefore of the steel) take place with time. The
concrete is said to creep. * This means that it shortens permanently under load and spreads
the stresses more uniformly and thus more safely across its section. Steef also creeps, but
rather less. The result of these two effects is that prestressed concrete beams are never
mare highly stressed than at the moment of transfer. *

New Words and Expressions

1. prestressed concrete Tl JHRE#EE 1 19. tension 3K 71,501

2. from. ..onwards M PRI 20. design load & H#
3. loading fii% 2l.embed HE

4. transfer {&i% 22. harden i

5. failure @R 23. precast Tl

6. creep %HEN. IR 24. beam B, MR R R BACE )
7. shrinkage Y48 25. tendon T, B &
8. faulty E 26. cable 4§

9. reinforced concrete H{fiE%E T 27.rod ¥

10. cross-section HE# T , 750, #E 28. wire & B2 LR
11l.crack F3¥, 544k 29, post-tensioned /& 7% 1
12. working stress ¥t fI R 1, TAER ) 30. abutment % 3, ¥
13. neutral axis F 1%k 31. pre-tensioned 3k
14. defiection HRE 32.grip B ER

15. severe =H#H 33.bond ¥ & 5

16.ugly &Y 34. anchorage 4 &

17. rust 4§ 35. permanently 7K A

18. compression &4

Notes

1. beceuse RiEHIA, 3IAERKE A . T A8 because of E4tid], TEEMARE
creep. life of member . # {459 8 Bl WM . {3 Rl %4 .

2. enter 75 i =become a member of; B & ~ TR A, — TR .

3. working deflection: TYEHERE . i3 R “F R ITBIOE".

4. which Is. .. BE VL 18 M &), 8510 cracking. — R BN FRALES R, BE
XGRS RN R B A KK A AR .

5. of higher quality : - H184E1E . less of it il a smaller quantity of it, it {3/® press-
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ressed concrete.
6. place something under compression . {## LR 2| EHESD.
7. in which 3| A1 E 8 M H)i% ] concrete, which 1§ concrete, it & the steel.
8 ...enough+to+ T EZ B, - RaE---B] L+, has hardened enough to take;
EETEL B RLL .. to take. . . J& enough (94 5053,
9. as the name implies . M4 X %,
10. ...is said to creep; ( A FR-- P TRE,
11. ...is that. .. that 3] A #2:E M F. naver more highly stressed than at the moment of
transfer . B % RSB WA RTINS HERH N A" WEEFRR TR -
FeeR g R T ARKGE AR 2 BT T AR 6 A3

Lesson 7 Surveying

Surveying may be defined as the art of making measurements of the relative positions of
natural and man-made features on the earth’s surface, and the plotting of these measure-
ments o some suitable scale to form a map, plan or section, *

In practice. however, the term “surveying” is often used in the particular sense of
meaning those operations which deal with the making of plans, i. e. working in the two di-
mensions which form the horizontal plane, and the term “leveling” covers work in the third
dimension, namely the dimension normal tc the horizontal. * Thus we have—

Surveying; Operations connected with representation of ground features in plan.

Leveling: Cperation connected with the representation of relative difference in altitude
between various jJ.ints on the earth's surface.

The work of the surveyor can be divided into four parts.

Field work; Making and recording measurements in the field.

Computing: Making the necessary calculations to determine locations, areas, and
volumes.

Mapping : Plotting the measurements and drawing a map.

Stakeout; Setting stakes to delineate boundaries or * to guide consiruction aperations.

There are many types of surveys, each so specialized that a man proficient in one
branch may have little contact with the other branches. * The more important classifica-
tions . described briefly, are:

Plane surveying ; Surveying in which the curvature of the earth is neglected. It is appli-
cable for small areas.

Geodetic surveying: Surveying in which the curvature of the earth is considered. [t is
applicable for large areas and long lines and is used 1o precisely locate basic points suitable
for controlling other surveys.

Topographic surveys: Surveys made for tha purpose of preparing maps showing lcca-
tions of natural and artificial features. and elevations of points on the ground.



Route surveys: Surveys of and for* highways. railroads, pipelines, transmission lines,
canals. and other projects which do not close upon the starting points.

Hydrographic surveys: Surveys of lakes . streams, reservoirs, and other bodies of wa
ter.

Construction surveys: Surveys to provide locations and elevations of structures.

Photogrammetric surveys: Surveys in which photoraphs. either terrestrial and aerial * ,
are used.

It can be unconditionally stated that{(a) no measurement is exact. (blevery measure-
ment contains errors, (c)the true value of a measurement is always unknown . and therefore
{d) the exact error present is always unknown. * These facts are demonstrated by ncting
the following two statements; No matter how * large a number a person selects, there is al-
ways a larger one; regardless of how small a number is chosen, a still smaller one exists.
When a distance is scaled with a rule divided into tenths of an inch, the distance can be read
only to hundredths of an inch (by interpolation). If a better rule graduated in hundredths of an
inch is availabie, however , the same distance might be estimated to thousandths of an inch.
As better equipment is developed, recorded measurements will more closely approach their
true values.

Mistakes are caused by a niisunderstanding of the problem, by carelessness, or by
poor judgment. Large mistakes are often referred to as blunders, and are not considered as
errors, they are detected by systematic checking of all work, and must be eliminated by re-
doing part or all of a job. I is very difficult to detect small mistakes, because they merge
with errors. When not detected, these small mistakes must therefore be treated as errors,
and will contaminate the various types of errors.

New Words and Expressions

1.surveying &% . J& 14. proficient ¥&38

2. features HFiE, M4 15. classification 4135

3. plotting YEE , 2 E . 1722 16. curvature 38

4. plan FHEH 17. transmission line %t ¢
5. section M7 & 18. hydrographic surveys 7)7H il &
6. leveling KM & 19. terrostrial B HLEY , MU EHY
7. horizontal 7K1 » 7K F-28 , KK 20. aerial 2% F @9, i EHY

8. representation 75 21. error iR

0, altitude & E 22. demonstrate 3% B

10. field work B #b4Ed, #h L 23. interpolation PY#fik

11. stakeout T#E, B HERE 24. approach 1T, fri%

12. stake 25. judgment i iy

13. delineate F§#: /5 26. blunder X%
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27. detect 85t 29, contaminate ¥ & . jih B
28. merge 5 3

Notes

1. Surveying may be defined as. . . , plan or section. ;iX H] B & . &8/~ @ B4, survey-
ing B2EiE. may-+be-+defined( R¥ENiF g9 iF £ A K E -&181F,as the art BB
% A1E . of making. .. section & &1 art 1 F1E.

2. In practice,. . . to the horizontal. . B4 ¥ i and EFRIH 3. 87 —8] ) the
term “surveying” is often used in the ... horizontal plane, B4t F A H &4, K4
which deal with. .. plans, &1 %15 ) 4] , % {i operation. i. e. working in. .. plane #
making of planes #4118 fiZiE.

3. to delineate boundaries or to guide construction operations: B or EBHF I
REXEE, HEHRE.

4. There are many types of surveys. each so specialized that... other branches,
gach. .. B4 T HEK K IAEHE H4EEEMNYT . each so specialized=each type of
which is so specialized f£1ff types.

5. ofand for, BA“BTH N T "HRIBAERTE Z . HERNT REEH, RLIEH
EEEHRTEERL¥E.

§. in which photographs. . . are used & i in which 35 % & 5] i surveys. TiJE
2517117 42 either terrestrial and areial £ Ff ¥ &1 photographs B /5 B E 1.

7. I %3] 848, ST MBI that S AT @), (), (0), (DI FHFF A8 AR IEERE.
(d) &1 i present {EEIE, B4 error.

8. No matter 1 regardiess of ¥ WRHE . B4 33 I EER LB RENE.

Lesson 8 Soil Particles

Partical size. Many soil descriptions and classfications are based on the size of the soil
particles. This is the simplest criteria for soil description. Soils are commonly named gra
vel, sand, silt and clay, on the basis of the parlicle size. The dividing line between these
categories is arbitrary, and as is common to arbitrary definitions.

It is obvious that natural soils most frequently consist of particles from more than one
size group. * in such a case, the soil is named after the principal constituent. For example,
a soil that is predominantiy clay but also contains some silt is called a silty clay. One conve-
nient method of naming mixed soils * is the Public Roads Administration system, shown in
Fig. 8. 1. The triangular graph has three coordinate axes representing * the percentages of
clay, silt, and sand that constitute the soil. Special names are assigned to various combina-
tions of the three compenents, as designated by the areas within the triangle. Thus if a soil
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is composed of 40 percent
sand, 35 percent silt. and 25
percent clay, it is caled a
clay loam. This is shown as
point A in Fig. 8. 1.
Particle-size distribution.
An adequate description of
the particle-size characteris-
tics requires the determina- r

tion of the percen tages of the

70 \
soil that* fall into the differ- N o ray [ Siy N
0, /SanaClayions{™ pr=-= e o

ent size ranges. A—f i 20

SIEVE ANALYSIS. The T U
particle-size distribution is

. . ! n

determined by means of sieve o 16 @ 3% 4 s0 e 70 80 % 100
analysis if the particles are “Silt —-

Fig- 8.1 Public Roads Admimstration system of soil classification.

sufficiently large. The speci-

men is shaken through a set of sieves with progressively smaller openings. As an example
the results from a sieve analysis are given in Table 8-1. The amount retained on a particular
sieve reprasents the fraction that is larger than the sieve size on which it is retained but
smaller than that of the preceding sieve. * The result may be presented in the form of a fre
quency diagram, as shown in Fig. 8. 2(a). The vertical axis denotes the percentage of the
soil that falls within a particular size range. In engineering practice. the cumulative percent-
age (Fig. 8. 2.b) is more commonly used. In this graph the ordinate is the percentage of the
soil that is smaller thar a given size. Thus the values on the cumulative graph are obtained
by summaticn of the values on the frequency curve. To obtain the percentage finer than a
given size, say 0. 149mm (No. 100 sieve), we sum up all the percentages on the frequency
curve for all size ranges below 0. 149mm, beginning with the smaliest fraction (see last col-
umn in Table 8-1). In practice, the cumulative graph is usually drawn as a smooth curve.

Table 8-1 Sieve Analysis Data
Sieve no. Opening.mm| 4 retained % fmer Sieve no. Opening ,ton | % retained by finer
- ]
8 2.38 0 100 100 G. 149 49 21
16 1. 19 1 99 200 0.074 16 3
30 0. 550 11 84 401} 0. 037 5 o]
a0 (. 297 27 6l |

HYDROMETER ANALYSIS. The finest sieve has an opening of about 0. 04mm. Hence for

particies finer than 0. 04mm, it is necessary to use the hydrometer analysis. In the hydrome-
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Fig. 8.2 Particle-size-distr bution curves
ter analysis, a specimen of soil is dispersed in water and made intc a thin suspension. When
left standing . the particles settle to the bottom at velocties which are related to their sizes
by Stocks'law.

The large particles settle out first. After a given time interval #. only particles finer than
a certain size still remain in suspension. According to Stocks’law, the velacity of a spherical
particle failing through water (through distance y during time rdis

Vzl_?Li

t 18y
in which p denotes the viscosity of water, D the diametler, ¥, and 7, the unit weights of the
soil particles and water respectively. and y the distance traveled. From this we get

_ 184 ha _
D—-.fysvyw,./ ; (8-1)

Thus above a depth v and after a time ¢, all particies have a diameter smaller than D as
given by Eq. (8-1).

2

The amount of sail particles that remain in suspension at depth v is determined by the
hydrometer are calibrated to read directly the number of grams of soit in suspension.

From the particle-size-distribution curve, two frequently used constamts can be ob-
tained. One is the diameter at 10 percent finer. which means that 10 percent of the soil par-
ticlas are finer than this size. This is known as the effective diameter. [),,. The other con-
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stant is the uniformity coefficient, which is the ratio of the diameter at 60 percent, or Dg, 10
Dy, The etfective diameter is of considerable practical significance because it may be used
to estimate the permeability of the soil. The uniformity coefficient (as the name implieg) is
an index of the uniformity of particle size. For a socil in which the particles are of about the
same size, Dg, and D,, are close to each other and the uniformity coefficient is ciosed to 1.

For a soil with a wide range in particle size, D, is much greater than D.., and the uniformity
coefficient is large.

New Words and Expressions

1. criterion (criteria B MER] ., 33 17. fraction &4 . ¥ 2%, 34

2. particle size R #8, FR A/ 18. preceding BT & #4

3. gravel #0585, Bk A 19. frequency diagram 3532 H 7 &

4.sill ¥ihb 20. cumulative B LY

5.clay $61- 21. ordinate # A 1R

6. category F#3&, % H 22. summation S f{

7. arbitrary =28, A A8 23. frequency curve FiZK il &

8. constituent A% (% 24, hydrometer HE it

9, constitute 20 A, 25. suspension B2 Bi#k

10. assign 78, 15K, R T 26. time interval 0B}

11. combination Z1% 27. spherical BRIE ¥

12. designate fRiR 28. calibrate ¥ ¥, B E B E

13.loam 4 29. effective diameter H R

14. percentage B & 30. index &5l 7

15. sieve analysis i3 8247, T 2 BT 31. uniformity 3575704

16. specimen A FE 32. permeability &1, BEE
Notes

1. one size group: —fP%IiR,

2. ...method of naming mixed soils. 4% A naming 4t 7 %% »mixed soils A EH)
®iE.

3. has three coordinate axes representing. . . : 431d] representing 1 R&4h E1E.

4. the percentages of the soil that fall into the ditferent size ranges. A% %AV that £
R B 5 I, 159 soil. that ZEME] P T which 5 3%, BUR O] ARG,

5. larger than the sieve size on which it is retained but smaller than that of the preced-
ing sieve. on which it is retained ¥ & M), 1 size. that UL IE sieve size.
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Lesson 9 Probability and Statistics

The purpose of this book is 1o introduce two important branches of modern applies
mathematics : Probability Theory and Statistics. Both of these are relatively new subjects,
the main developments having taken place within the last century. and both are rapidly ex-
panding in theory and application. lndeed, it has now reached the point where some knowl-
edge cf these subjects is necessary if cne is to read newspapers and magazines intelligent-
ly.

The study of probability was initially stimulated by the needs cof gamblers, and games of
chance are still used to provide inferesting and instructive examiples of probability methods.
Today ., probahility theory finds applications in a large and growing list of areas. It forms the
basis of the Mendelian theory of heredity . and hence has played a major part in the develop-
ment of the science of Genetics. Modern theories in Physics concerning atomic particles
make use of probability models, The spread of an infectious disease through a population is
studied in the Theory of Epidemics, a branch of probability theory. Queusing theory uses
probability models to investigate customer waiting times under the provision of varicus fev-
els and types of service (e. g. numbers of checkou counters, telephone operators, comput-
er terminals. etc. ). Although it is impossible to deal thoroughly with such diverse and com-
plex applications in an intreductory book, it is possible to lay the ground work and present
some of the simpter applications. The first part of this bock deals with methods of building
probability models and handling them mathematically. This provides the foundation for the
statistical methods described in later chapters, as well as for advanced study on Probability
Theory itself.

Statislics was originally used to refer to the ccllection of data about the state or nation,
such as size of the population, or the levels of trade and unemployement. Many statisticians
are still involved in the important task of providing government with accurate statistical in-
formation on the basis of which* the need for and effectiveness of their actions may be
judged. However, the domain of application for statistical methods has increased rapidly
during the twentieth century. and* now includes virtually all areas of human endeavour
where data are collected and analysed. The data may come from census results, question-
naires, surveys, of planned experiments in any field. There may be large quantities of data,
as from a population census, in which case methods of accurately summarizing and simplify-
ing the data are required. At the other extreme ., many years of work and great expense may
be necessary to obtain a few measurements in a scientific experiment, One may then wish to
determine whether the data are in agreement with some general theory, or perhaps uge the
data to estimate physical constants. Because data are so difficult to obtain, it is important
to extract the maximum possible amount of information from them.

This book deals primarily with problems of the latter type, where it is desired to draw
general conclusions on the basis of a limited amount of data. Because they are based on
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limited data, such conclusions wili be subject to uncertainty. The branch of Statistics which
attempts to quantify this uncertainty using probability and related measures * is called Sta-
tistical Inference. The last half of this book deals with two different problems in Statistical
Inference: model testing and estimation. Having formutated a probability model. we will
first wish to know whether it is in agreement with the data, and it not. which of the assump-
tions underlying the model require modification. Such questions may be investigated using
Tests of Signiticance. Then assuming that the model is satisfactory. one may wish to form
estimates of unknown quantities. called parameters. which appear in the model. * Such es-
timates will be subject to error. Determination of the iikely magnitude of error in an estimate
is an essential part of the estimation problem.

Statisticians are also concerneu with the design of appropriate methods of data collec-
tion, so that upon analysis the data will yield the greatest possit. » amount of information of
the type desired. Great care must be taken so that the data are free from unsuspected bias-
es which might invalidate the analysis or cloud the interpretation. In many cases, asking a
statisu.” n 1o analyse improperly collected data is like calling the doctor after the patient
has died: ne m.ust you can expect to learn is what the patient died of.

Statisnea: Oacision Theory is a branch of Statistics which has received much attention
since World W.. Two. It deals with the prablem of selecting one among several possible
courses of action in the face of uncertainties about the true state of pature. Both the costs of
incorrect decisions and the information available from data and other sources are taken ac-
count in arriving at a course of action which minimizes expected costs.

Many statistical problems invalve both inferences and decisions. First we decide whatl
data to collect. Having obtained the data, we try to learn as much as possible from it (Sta-

inference). The information obtained mighi then be considered in deciding upon fu
ture courses of action. Nevertheless. it is important'to distinguish carefully between the in-
ferent sl and decision theoretic compenents. In decision problems, one is interested in learn-
ing from the data only if the information obtained can be used to reduce the anticipated cost
of the particular action being considered. In Statistical Inference, one is interested in learn-
ing for its own sake, without reference to any particular decision problem in which the infoi-
mation obtained might subsequently be used.

New .vords and Expressions

1.intelligent BSERRY . B fRHY 7. infectious disease &4
2. stimulate (i3, 8 A 8. epidemic W 1T

3. gamble W14 9. queueing theory HEFA L
4. game of chance Bz S AITFR 10. waiting time 258 i (8]
5. heredity #{& 11. provi%ion R

6. genetics i (£ 12.diverse EF ZER
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13.
14.
15.
18.
17.
18.
18.
20
21.
22.
23.
24,

involve in &.0, A

judge i

virtual EEF A

endeavour ¥ 1

census A 32
question(n)aire JH#AH#
extract fil \Jt

unertainty AFRENE. BE
statistical inference 4% itk
test of significance T E1E %
parameter Z¥{

appropriate i 24

Notes

. unsuspected TSN

.bias W% W= RE WE

.invalidate {#-- L

.interpretation & B &

. statistical decision Z5iT#E , %Kit
.course of action &)

31.in the face of i3

. take into account & &, HAL

3. arriving at 215, B iy

. anticipated cost MR, MiitalAx

5. without reference to i

1. on the basis of which the need for and effectiveness of thewr actions may be judged:
% F 18] EMAET S task. on the basis of which 7 W AR IE,

2. and FEFEW NI F0A] G —0) T8 £ 5 I domain.

3. which attempts to quantify this uncertainty using probability and related measures :
1B E) K to quantify Y491 attempts 1Y R i, using. . FaridEiERRE.

4. unknavin auantitias ., called parameters, which appear in the maodel. .. ;called param-
sters & unknown quantities [ [8] 515 , which appear in the model 732 i%& M) , f& {fi

unknown quantities.

Lesson 10 Introduction to Experimental Techniques

1¢. 1 Type of Experiment

Although it is generally agreed that laboratory work forms an essential part of any

gourse in hydraulics, it is very often the case that students carry out the specified steps of

an experiment and process the results without grasping the fundamentals of the associated
theory.

It goes without saying that, * whenever possible, the basic theory should be covered in

class before undertaking the experimental investigation. This is particularly important in hy-

draulics, where in many cases assumptions are made regarding fluid properties and bound-

aries, in order to make possible & theoretical solution.

tween the theoretical and actuat behaviour.

in such cases, experimentation must be resorted to in order to provide a correlation be-

In the fietd of fiuid statics and in a smalt number of field flow situations., 1t is permible to
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develop accurate mathematical relationshipss which do not require any experimentaly de-
rived adjustment. An example of this is the analysis of laminar flow through pipes.

Certain fluid configurations defy any sort of mathematical analysis and in such cases the
engineer must rely entirely on experimental methods.

We can now list any expermintal investigation under one of the foliowing categories.

(a) to confirm a relationship which has been derived completely from a sound mathe-
matical analysis.

(b} to evaluate coefficionts which will enable a partially completed theeratical analysis
(or one based on doubtful assumptions) to be completed.

In many cases the theoretical approach assumes an inviscid fluid and neglects all energy
losses. By measuring the actual performance in the laboratory a relationship can be deve
loped of the form.

Actual performance=coefficient X theoretical pertormance

(c) to investigate the relationship between variables when the configuration and flow
pattern make any form of theoretical sclution impessible * . In this case the technique known
as dimensional analysis enable the variables to be organized in such a way as to rationalize
the experimental procedure,

Aithough not covered in detail in this book, mentich must be made of the techniaue
whereby scale models of hydraulic structure are tested in order to predict the behaviour in
the protdtype or full-scale structure. Such laboratory model permit visual chservation of the
flow patterns, and measurements taken on the model enable the engineer to finalize his de-
sigh of o specify improvements to existing structures.

10- 2 Aims of laboratory work

The primary aims of any laboratory investigation are as follows;

(a) to set up equipment which accurately represents the specified conditions:

(b) to provide all necessary instrumentation for the measurement of the variables
(flowrate, fluid levels, pressure, etc. );

(¢} to carry out the experiment in such a way that a sufficient number of accurate mea-
surements are taken in order to produce meaningful results;

(Note; three points will not produce a reliable graphical relationship!)

(d) to present the results in a clear and concise fashion;

(&) to discuss and interpret the results and to draw conclusions.

10. 3 Laboratory Reports

At the start of a laboratory work programme, guidance is needed as to the format and
contents of a laboratory report. Requirements vary from college to college and it is not our
intention to attempt to standardize. Nevertheless, it is hoped that the following discussion
will hightight the basic principles and suggest ways of aveiding some of the problems associ-
ated with the preparation of reports.

Paragraph headings provide a framework for any report and a list which will satisty
most requirements is given below.
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Title of experiment
Object of experiment
Apparatus

Theory

Experimental procedure
Observations

" Analysis
Conclusions.
New Words and Expressions

1. grasp 28 12. inviscid JTH5 YRR
2. go without saying N5 T 13. performance #£8E
3. experimental investigation IXR 14. rationalize {#i---& ¥ #h 4b 58
4. resort to FE(E . I 15.finalize BIEE T
5. adjustment ¥ IE 16. format H ik
6. configuration 45#) 17. intention FE
7. dety i FHE 1R. standardize PRMEAL. (R —
8. confirm #—3iE 3k 19. highlight & &, 28 &4
9. sound 1E§f 20. framework #E 38
10. evaluate 3.+ E (& 21. title fRH
11.enable...to {#i--FEAE 22. apparatus {5 &

Notes

1. 1t goes without saying that... . AE WM HAASHUL.
2. make. . .impossible: impossible H R FH L E.
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Sector T  Chanmel Bngimeering

Lesson 11 The Yangtze

The main paradox {(there are many others: we are dealing with China, population one
bilion) = is that there is no Yangtze river. The name is unknown to most Chinese . who call it
Ta Jiang, “Great River’ or Chang Jiang. ‘long Rvier *, unless they live above
Chongging——there. the swift siit—— filled waters are referred to as Jin-sha Jiang, ‘The
River of Gold Sand’. That is only a misnomer now. As recently as fifty years ago. in the
winter months when the level dropped. the Chinese squatted at its edge and panned for
gold, sluicing the mud and gathering gold dust. * European traveliers reported seeing wash-
erwomen wearing ¥ thick gold bangles, made of the metal that had been carried from where
the rivei-let us call it The Yangtze-rises in Tibet. *

But it has more moods than names. | am careful to give the date of each day's notes’.
Archibald Littie wrote in Through the Yangtze Gorges (1887}, The river varies s0 wonderfully
at different seasons that any description must be carefully understood only to apply to the
day upon which it is written’. Captain Little was overwhelmed by it: he compared it to the
Mississippi and the Amazon; he said it was indescribable. It has in many stretches a violent
magnificence, it is subject to murdercus floods., and its winter levels create rapids of such
turbulence that the river captain steers his ship through the foam and travels down the
tongue of the rapid, praying * that no junk will lie in his path, as it is impossible for him to
stop or reverse. But it is not all so dramatic. Its four divisions are like four separate rivers;
above Chongaqing, it is mythic and still associated with goid and landslides; the Upper River
(Chongqing-Yi chang)is the wildest—— here are the gorges and the landscape of China's
Walter Scottish classic, The Roamnce of the Three Kingdoms; the Middle River (Yichang-
Wuhan) is serene and a mile wide; the [ower River (Wuhan-shanghai) is slow and sticky vel-
low and populous.

| sailed 1,500 miles downstream, from Chongging te Shanghai. Every mile of it was dif-
ferent; but there were 2,000 miles ! did not see. It crosses twelve provinces or regions., 700
rivers are joined to it——all Yangtze statistics are hoplessly huge and ungraspable: they ob-
scure rather than clarify. And since words can have a greater precision than numbers, one
day | asked a Chinese ship captain if he thought the river had a distinct personality. He said,
The mood of the river changes according to season. It changes every day. It is not easy.
Navigating the river is always a struggle against nature. And there is only one way to piiot a
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ship weill’. He explained, It is necessary to see the river as an enemy’.

The Yangtze is China’s main artery, its major waterway. the source of many of its
myths, the scene of much of its history. On its banks are some of its greatest cities.

We boarded Tung Fang Hong (“The East is Red”) Number 3%, and were soon under-
way. Because of the construction of locks and a dam at Yichang, we would travel down riv-
er in two ships, the MS Kun Lun awaited us just below Yichang. Number 39 and the Kun Lun
were the same size, built to carry 800 people. There wete. as | say, only thirty-three of us,
and a crew of 102

No hardships for us, and it seemed at times as if, though we were travelling through the
very hearl of the country, China was elsewhere.

The “Blue Danube Waltz” was playing on the ship's loudspeakers as Number 39 swung
between the sampans and the fishing smacks and the burdened ferries. The captain greeted
us in the lounge and told us the current was moving at two metres per second and added.
“As your captain. | am responsible for your safety. so please don't worry about it. ”

Captain Liu was sixty. He had a narrow, flat-backed head and bristly hair and large
spaces between his teeth. He had always worked on the river. His father had started out as
a steward, serving foad on Chinese river boat, at the age of fifteen. | was the “boy” as they
say in English, but | worked my way up to captain. i never went to school. You can’t learn
about this river in a school. You can enly learn it by being on the bridge.

New Words and Expressions

1. The Yangtze 351 7L 18. be overwheimed by -+~ Al (i {8l
2.paradox £ 19. stretch B

3. billion (E)Y=10"=+1Z, 20. violent i &8

4. swift IR AY 21. magnificence 4R

5. silt-filled FHETE VPR 22. be subject to #H 5%

G.refer 1o sb. (sth. ) as... #REA YA~ 23.murderous KIIRH

7. misnomer {§ H X450 2 ¥ 24. steer Hid

8. as recently as Jp 4 25.foam JB7E

9. level 7K1 26. tongue &

10. squat ¥ 27.pray this

11. pan g% 28. junk AR

12. sluice 781t , A7 1R 29. dramatic B8

13.mud B 30. division F4r B, 4k

14. bangle F§ 31. mythic 3y

15. Tibet % 32. associated with £EfEE

16. mood 16 & 33. landslide ¥ 3

17. Three Gorges sk 34. landscape MW . R & . ME
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- 35. classic T LAY CFEM) 45.scene HH
36. The Romance of the Three Kingdoms =  46. board #, B/ (F, KL

EHEX 47. sampan Al
37. serene Y 48. smack /DA
38. stiky ¥ 49. burdened EH Y
39. populous AT R ZH) 50. ferry #5 AR
40. ungraspable F&EE R MK 51.lounge K &
41. obscure . 52. bristly %6 1 #8 &
42, personality % 53. steward 4 B CGEAR, KHLH)
43. artery shik 54. crow TR
44. myth FiE

Notes

1. $5-Bd iR paradox ., E 4 population one billion 32181 China #7. BF A
B RS S P A R, A RITR A 0P EL ER L SRS, H
I EBEE e _

2. sluicing the mud and gathering gold dust. WM AE SRR TE B

3. ... reported seeing washerwoman wearing thick gold bangles. . . ,Ht seeing Hzh2
i@ ¥k reported #J &, washerwoman 7 seeing ) B 18 , wearing i 4 {7 4F washer-
woman [ Ei5 b & 1% , washerwoman wearing 52 5§53

4. ...from where the river rises in Tibet=from the river which rises in Tibet,
5. praying that no junk will lie in his path, as itis... H o praying FELESSFRITERE . as
EREEEN.

Lesson 12 Hydraulic Engineering——Dams

Among makind's oldest works are irrigation and water supply systems; indeed, the ear-
liest civilizations in river valleys in the Middle East were based on agriculture that * depend-
ed on irrigation. Harbor facilities and canals for navigation were also early engineering ac-
complishments. Such systems are usually grouped together as hydraulic engineering pro-
jects. Hydraulics is the science that deals with the flow and control of waler and other flu-
ids.

Among the most impressive modern works in hydraulic engineering are such great dams
as the Aswan High Dam on the Nile in Egypt and the Hoover Dam on the Colorado River in
the Southwestern United States. These dams, like most modern dams* , serve a number of
different purposes. Among them are flood control, water storage, irrigation, navigation,
and hydroelectric power. In addition, most dams are also links in a highway system, with a
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roadway running across them. The lakes behind them, like Lake Mead * which is backed up
by the Hoover Dam, also serve as recreational areas.

Before design and construction of a dam can begin, an extensive survey and study of
the site must be made. This survey examines not only topographical features of the area,
but also soil and rock samples to determine the geolegical factors that may affect it. * The
hydraulic features of the stream or river that is being dammd must aiso be determingd—
the rate of volume of flow of the river at different seasons. and the vclume of water that will
be backed up by the dam. Engineers use this information to calculate potential water pres-
sure. It is also necessary to study the site to see whether the dam can be constructed with
the use of cofferdams or whether the flow of the river must be diverted. Cofferdams. are
watertight piles that form an enclosure from which water can be purnped. When it is neces-
sary to divert the river, one technique is to dig tunnels for the channel; another is to exca-
vale a temporary channel for the river around the dam site.

Even after the site has been thoroughly investigated and the designs have been made
preliminary work is still not complete. Scale models of the dam are often made so that they
can be tested under simulated conditions. Computers are ais¢ used extensively to calculate
all the differnet stresses to which * such huge structures c¢an be subjected, including those
that may be caused by earthquakes.

Basically there are two types of construction for dams, masonry and embankment. Be-
fore the invention of Portland cement, huge blocks of cut stone were ordinarily used to build
dams, but today masonry dams are constructed with reinforced concrete. Masonry dams are
most often built 1o conirol swift-flowing streams in narrow valieys where there is geod rock
for the foundations. An excellent example is the Hoover Dam. Embankment dams are essen-
tially great mounds of earth across a stream. In addition to compacted earth, embankment
dams can be built with crushed rock or sand. This kind of dam is usually built across wider
streams where the water flows rather slowly. The Aswan High Dam is a good example of an
embankment dam.

The velocity and pressure of the water that is being blocked are important factors in the
design of dams. Another factor is the possibility of seepage under the foundations, often re-
quiring special protective features in the design. Seepage is the slow leaking of water
through a porous material, such as earth or some kinds of rock like limestone or sandstone.

Many dams have other auxiliary structures, depending on the reason why the dam was
constructed. One feature is a spillway that alliows flocd water or excess water from the
reservoir behind the dam to be released downstream. With embankment dams, the spillway
are ordinarily constructed at one side of the dam. With concrete gravity dams, the sloping
downstream face often acts as the spillway. In this case some kind of fooling or special de-
vice must be placed at the bottom of the dam sc that the water is projected out into the
stream where it cannot erode the dam'’s foundation.

Other openings are necessary when the dam is used for irrigation or for generating elec-

tricity. Gates are built in dam through which water can be released for these purposes. The
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gates are equipped with screens so that floating objects cannot pass through them. The
ducts that carry water from the gates to turn turbines in a powerhouse are called penstocks. .

Some dams also have fish ladders that allow fish in the river 1o travel past the dam to or

from their breeding grounds.

New Words and Expressions

1. water supply 25K T2 19.
2. tacility 1% i% % 20,
3. accomplishment gk 21
4. flood control Bt 22
5. water storage &K 23
6. recreational area HiE i 24.
7. sample FEZ, 4G 25.
8. cofferdam iR 26.
9. divert HGE , Fml 27.
10. watertight AEKY 28.
11. pile #E,HE 29.
12. enclosure < 30
13. tunnel BETE . BYE 31.
14. \emporary l&ATH) 32.
15. prefiminary fii4& 8 . %135 49 33.
16. scale mode! %8 A5, A ESLEY 34.
17. simulate 4% 35.
18. earthquake H#17E 36.

Notes

masonry 5 T
embankment I 871, BRE

.cement 7KIE
. cut stone B(H
. embankment dam &S, + 7 3

mound 18, 1 4
compact E3E
crush 7%

seepage &5 . B
leak ¥

porous BF.&]

.auxiliary i 51#7

footing B

screen HEM . #4 H#, B

duct 54 JEIE

penstock H fjEiE

fish ladder 58

breeding ground ¥#3% . 5 #i5

1. that depended on irrigation. that %3¢ &RiA 5| & -- & 78 A, 1 agriculature, that

HEMEPETE.
2. like most modern dams R E {1 1E,
3. like lake Mead. .. R ELE.

4. that may affect it 3 3 &R iR 3] 4 5218 5] L 51 factors . AIPHY it A% a dam.
5. . ..stresses t¢ which such huge structures can be subjected, which 3¢ RAEZ| &
18 1], B I stresses. M) which J2 be subjected to B A R iE.

Lesson 13 Hydraulic Engineering——Canals and Locks

Among the most famous accomplishments of modern hydraulic engineering are the three
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great International canals. The Kiel Canal in Germany connects the Baitic and North Sea. a
distance of 35 kilometers. The Suez Canal in Egypt connects the Mediterranean Sea with the
Red Sea. providing a passageway between Europe and Asia thai eliminates the voyage
around Africa. It is 169 kilometers long and has no locks. Locks are sections of a canal that
are enclosed by gates; the level of water within the lock can be reguiated so that shipping
can be raised or lowered to different elevations. * The Suez Canal was originally opened in
1869, closed in 1967 because of warfare in the area. and reopened in 1975. Engineers cur-
rently plan to widen and deepen the Suez Canal to accommcodate the supertankers that carry
cil from the oil fields on the Persian Guilf.

Canals are rivers that have been dredged, straightened, embanked or otherwise con-
trolled so that they are navigable. Both the Romans and the Chinese in ancient times built
canals. The Grand Canal in China that connects the Yangtze River with Peking is one of the
greatest engineering works of any age; it is still used today. In Europe a new age of canal-
building began in the seventeenth century ., long before railroads began to spread across he
landscape. An important canal that dates from this period is the Canal de Languedoc, which
connects the Atiantic Ocean with the Mediterranean Ses across the length of southern
france.

Freight can be carried by water much more cheaply than on land; therefore, canal-
buitding has continued up to the present time despite the attention given to ratroads in the
nineteenth century and to highways in the twentieth. Most of the rivers and ports of Europe
are connected by a netwark of canals that carry a large proportion of the commerce of this
highly indust-i2'ized region. In the United States, canals have been less impartant than in
Eurcpe and China. One noteworthy nineteenth century project, however, was the Erie
Canal, which connected Albany on the Hudson River with the Great Lakes across the length
of morthern New York State. New York City in large part owes its commercigl preeminence
to the Erie Canal.

One of the most important canal-building projects of recent times was the St. Lawrence
Seaway, constructed* jointty by the United States and Canada. This great system ot
rivers. canals and lakes makes the entire distance from the Atlantic to Duluth Minnesota, on
Lake Superior, navigable for oceangoing ships. The St. Lawrence Seaway connects with
the Mississippi-Missouri-Ohio River system by means of the Chicage Sanitary and Ship
Canal ; indeed, it open up the entire center of the North American continent to shipping.

New Words and Expressions

1.Baltic Sea & TG 5. eliminate fEBR

2.North Sea V¥ §. voyage fife

3. Suez Canal HfFLigH 7. passageway 1138 .iEH
4. Mediterranean Sea L% g. warfare 5
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9. accommodate & 14. a large proportion of K4

10. supertanker 28 M 15. noteworthy EHFEN
11. The Grand Canal A3z §H] 16. preeminence ik, A
12. Atlantic Ocean KXF## 17. seaway A& GE _

13.freight &

Notes

1. so that shipping can be raised or lowered to different elevations. J3%5 FtAki% Al
shipping 951 % i .

2. constructed &3 3437 fEAR 15 , Bl seaway J& construct {57 i & , I b A BE F BL
TE4

Lesson 14 Erosion

The Erosion Process

Soil can be eroded, I.e. , moved from its current location, by the action of wind, wa-
ter, gravity{landslides), and human activity. Water erosion may be viewed as starting with
the detachment of soil particles by the impact of raindrops. The kinetic energy of the drups
can splash soil particles into the air. On level ground the particles are redistributed more or
less uniformly in al! directions, but on a siope there is a net transport downslope (Fig. 14. 1).
If overland flow is occuring, some falling particles will be entrained in the flowing water and
moved even farther downsiope before settling to the soil surface. Overland flow is predoi.u
nantly laminar and cannot detach soil particles from the scil mass. but it can move loose
particles already on the soil surface. The splash and overland-flow processes are responsi-
ble for sheet erosion, the relatively uniform degradation of the soil surface. Sheet erosion is
difficult to detect except as the soil surface is lowered below old sail marks on fence posts,
tree roots are exposed, or small pillars of soil capped by stones remain.

Raindrops vary in diameter d from 0.5 to 6 mm(0. 02 to 0. 25in) and terminal velocity v
varies with diameter from about 2 to 9 m/s(7 to 30 ft/s). Since* kinetic energy is propor-
tional to d%%, the erosive power of the largest drops may be 10,000 times that of the small-
er. This conforms with the obsrevation that a few intense storms account for most of the eto-
sion. The effect is augmented by the fact that overland flow is more likely to occur during in-
tense rains.

At some point on the slope sufficient overland flow may accumulate to cause a small
rivalet. If turbulence in the flow is strong enough to dislodge particles from the bed and
hanks of the channel, gully erosion may occur. As the gully deepens, its profile is steepest
near its head(Fig. 14. 2). Erosion is most rapid in this region. and the guily tends to grow
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headward.
Path Of Raindrop

Natural Ground

Path OI Soilparticies

e

-~
Ground Surface BottamOf Gully

Fig. 14.1 Downhill transport a soil particles by splash Fig.14.2 profile of 2 typical gully

Mass movement of soil, as* either the slow downward creep of the soil mass or the
rapid collapse of a slope (landslide >, is an important mechanism delivering scil to the
streams in steep canyons with unstable side slopes. Landslides occurring as the result of
earthquakes or the saturation of the slopes during heavy rains may create temporary dams
whose subsequent overtopping and erosion may create critical flood waves downstream.

Factors Controlling Erosion ' )

The most important factors controlling erosion are rainfall regime, vegetal cover, soil
type, and land slope. Because of the important role of raindrop impact, w_agetation provides
significant protection against erosion by absorbing the energy of the. falling drops and gene
rally reducina the drop sizes which reach the ground. Vegetation may also provide mechani-
cal protection o the soil against gully erosion. In addition, a good vegetél cover genarally
improves infiltra’,on capacity through the addition of organic matter to the soil. Higher infii-
tration capacity .neans less overland flow and consequently less erosion.

A cohesive soil will resist splash erosion more readily than loose soil. Generally, splash
arosion increases with an increasing fraction of sand in the soil because of the loss of cohe-
sion. Splash erosion decreases with an increasing percentage of water-stable aggregates.
A soil whose individual grains do not tend to form aggregates will erode more readily than
one in which aggregates are plentiful.

Rates of erosion are greater on steep slopes than on flat slopes. The steeper the slope
the more effective splash > erosion is in moving soil downslope. Overland-flow velocities are
also greater on steep slopes, and mass movements are more likely to occur in steep terrain.
Length of slope is also important. The shorter the slope length, the sooner the eroded mate-
rial reaches the stream, but this is offset by the fact that overland-flow discharge and velo-
city increase with length of slope.

Land use is also an important factor in fixing the rate of erosion. Poor cropping prac-
tices or careless construction of roads may greatly accelerate erosion. Removal of vegeta-
tion by fire or lumbering may also increase the erosion hazard. Proper soil conservaticn
practices may greatly reduce erosion losses. The universal soil loss equation attempts o
combine all these factors, but it is difficult to express the rainfall regime in a single index
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number, and field determination of soil erosibility is not yet generally available. Hence, this

equation and others of a similar nature are, at best, approximate.

o 0o =~} O O e W) Do b
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New Words and Expressions

. detachment 43 &

. impact i

. kinetic energy Zh#E
.splash . Kk

. downslope JEH T
. entrain 1. E

. predominantly = EH
. detach 4355

. sheet erosion A

. degradation i , B
.fence BHE

- post #. &

.pillar ¥

. terminal velccity I &% B
.be proportional to S+ BIEH
. conform with &=~

- storm R &

. account for J&-- i) R A

. augment 3§k

-rivulet B, P
.disiodge ¥ #E

23.
24,
Z5.
26.
27.
28.
29.
30.
3.
32.
33.
4.
35.
36.
37
38.
39.
40,
4].
42.

Notes

. gulty erosion & it

profile 24, 5 d P

headward =], B0 T
saturation 12§71, % &

overtop & IR

critical R RA.fEE2 B

regime 5%

infiltration capacity T4 . TG
organic matter & L4, FHLIE
cohesive RETERT. K &R I TRMEEY
resist 3t ., Bh

splash erosion M3 iFim

readily Z5#

water-stable aggregate KRR kL
plentiful £E 1Y

mass movement H:{&iZ 5

offset H5iH

removal HER

lumber A

index number #5ix

atbest REE.2 2

1. Since kinetic energy is. .. » since FERE R .HH.
5. as either the slow downward creep. . . or the rapid collapse. . . as UM X Hldm.
3. The steeper the slope the more effective splash. .. 1L 7 the. .. the... = AN -y (]

. o

Lesson 15 Stream Patterns and Floodplains

Stream Patterns
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When viewed in plan* . stream channels may be described as meandering, braided. or
straight. A meandering stream flows in large, more or less symmetrical loops, of bends,
The median jength of meandering streams appears 10 be about 1. 5 times the valley length:
i.e. , the sinuosity averages about 1. 5. The wavelength of meanders ranges from 7 to 11
times the channel width, and the radius of curvature of the bend usually ranges between 2
and 3 times the channel width. The amplitude of the meanders or width of the meander belt
varies considerably and seems to be centrolled more by the characteristics of the bank ma-
terial than by other factors. Amptitude usually ranges from 10 to 20 times channel width,

A braided stream consists of many interwined channels (anabranches) separated by is-
jands. Braided streams tend to be very wide and relatively shallow with coarse bed materi-
al. No formal statements about the geometry of braided streams are possible. * Few long
straight channels exist in nature, but many lack sufficient curvature to be calied a meander-
ing stream. A straight stream is commonty defined as one with a sinuosity of iess than 1. 25.

The mportant question is to explain why * a channel adopts one of the patterns de-
scribed above. Braided channels are usually found in reaches where the banks are easily
erodible-sandy material with little vegetal protection. Bed material is relatively coarse and
heterogenecus particle sizes. The slope of the braided reach is greater than that of adjacent
urbraided reaches. Hydraulically, the braided reach is less efficient than the unbraided
reach. The total width of branches in a braided reach may be 1. 5 to 2 times that of an undi-
vided channel. and the depth of flow is correspondingly less. Braiding is thus a way of dissi-
pating energy when stream slop steepens. * Velocity increases that would othetwise lead to
grosion are thus avoided. *

An initialty straight channei, either in a laboratory flume or in the field, will usually de-
velop meanders as water Hows through it if the bank material is erodible. A meandering
channel may be 1.5 to 2 times as long as a nonmeandering channel. Its slope is correspond-
ingly reduced, but head losses are increased both because of the longer channel length and
because of the bend losses. Without these losses. velocities would be higher, with corre-
sponding tendency to downcut the channel. Many meandering streams cannot downcut be-
cause they discharge intc a water body with fixed elevation. If downcutting cannot occur,
some other device is required to dissipate the available energy.

Thus both braiding and meandering * can be explained as means of energy dissipation.
Braiding will occur when bed material is coarse and heterogeneous and banks easily erodi-
hie. Meandering is likely to ocour on flatter slops where the material is finer and the banks
somewhat more cohesive.

In either case the stream is in a kind of equilibrium-equilibrium in the sense that it will
maintain its grade but obviously not in the sense that there will be no channel changes. In
the braided channel there is continual shifting and changing between individual anabranches .,
and meanders undergo a more or less continuous process of erosicn in the concave bend and
daposition at the subsequent point bar, so that the meanders seem to be constantly moving
downstream. Any attempt by man to change the natural pattern of a stream requires careful
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planning and usually costly revetment work to prevent erosion of banks and return to the o-
riginal pattern,

Floodplains

The floodplain of a river is the valiey floor adjacent to the incised channel, which may
be inundated during high water. The river tends to swing back and forth across the valley
bottom, rewarking the floodplain deposits and erading first one valley side and then the oth-
er. Floodplains are built up primarily from deposition of sediment in the river channel and de-
position of fine sediments on the floodplain when flooded., Additionaliy, organic materials
may accumulate in cutoff meander loops (oxbow lakes). Often a natural levee will form a-
long the banks of the incised channel caused by the deposit of coarse sediment as * the wa-
ter from the stream invades the floodplain. Sediment deposition in the channel plus natural
levees on the bank can lead to a Lsituation in which the stream flows at a higher elevation
than its floodplain. This condition develops quite frequently in streams flowing across and al-
luvial cone. :

As suggested earlier, floodplains tend to be floodead at fairly low recurrence intervals.
Leopold et al. report numerous evaluations of the flow magitude required to overflow the
floodplain. Return periods generaily range between 1 and 2 years, and a generally state-
ment that floodpiains of the eastern and cenfiral United States are inundated by floodwaters
in 2 out of 3 years is quite reasonable. The universality of this finding is questionable, how-
ever, Nixon made a similar analysis of British streams and found that flooding ocourred on
the average about twice each year. There is some difficuity in defining precisely what the
ficodplain is and a probtem In defining precisely the bankfull stage. Thus it is not clear it
Nixon's data indicale conditions substantially different from those in the United States. In
any case it is clear that the floodplain is subject to frequent flooding, and hence its use for
buildings and other purposes should be carefully regulated. Transverse slope of a floodplain
is usually quite small, and it is often difficuit to detect natural levees by visual inspection.
Consequently in studies for which the floodplain characteristics are important, one must

have either adequately detailed maps or special field surveys which satisfactority detine the
information needed.

New Words and Expressions

1. stream pattern i 3 XX 8. meander [ . 77

2. meandering I 8 , B RY 9. radius of curvature g3k
3. braided 7 N &Y 10. amplitude &S

4. symmetrical loop Xf#RIFL 11.interwined channel 72 #7KH
5. bend Tl 12. anabranches B

6. median $LZ%, LAY 13. formal JE 8

7. sinuosity W ¥E 14. geometry JL{EE L
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15.
16.
17.
18
19.
20.
21.
22.
23.
24.
25.
26.

27.

heterogeneous JEH 538, JEH FRH 28. inundate #E &
correspondingly 185 #h 29. rework Wi

dissipate JHHEL, H 30. oxbow lake 4%

fiume 7K f& 31.levee 11

downcut 1)) - 32.invade AfF

in the sense thai $5#2 33. recurrence interval B PR

shift #{i, ¥ 3k

34.

return pericd K31

undergo 72-% 35. evatuation f&i+{H ., PE{fr
concave [Vl 36. universality &k
point bar i1 ¥ 37. bankfull stage &K Hi
revetment work 7 8 T2 38, transverse &7

valley floor 4 Ji I8 39. visua! inspection H#
incised channel 8 I, T8 40. adequately 341, i X i
Notes

. When viewed in plan £ %518 1E K18 . stream channels & view M RiE, A& 3

By B A 24039 viewed. 43R S5 1B FRR A 19 ShiE 5 908 B 37 R 5 69 3 4 R
%4, B S R IE AT A,

- No...are possible. XN BIFTHa FHFTHEE. —BEEEH nothing, never,

nor FIRIF only , little 28753k #4977 4F g (s .

. to explain HrahiA A E 2 EXRIE W LA why FF 3L 92 explain f1E# AA].,
. Braiding is thus a way of dissipating. . . &) P} Braiding 1 dissipating 4 57 &) F £

FEMAFERE I HHEE . FREAAEEX.

. Valocity increases that would otherwise lead to erosion are thus avoided. M Velocity

% erosion An]HEIE,

. Thus braiding and meandering can be. . . A braiding il meandering ¥ 4 & 8 w3 {F

B HyshAAE .

. as the water from the stream invades the floodplain. H ¥ as #3¥4 .2,

Lesson 16 The Sediment Production and Utilization

Since early fifties, plot studies have been set up and comparisons between the regulat-

ed and unregulated small watersheds by various soil conservation experimental stations for

the purpose of determining the amount of sediment production under slopes of inclinations

and lengths, solls, vegetative covers, modes of cultivation and precipitations have been

made. From the data thus collected, we have gained some insights into the sediment pro-

duction intensity from different parts of a watershed, and* how effective the various s0i)
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conservation measures are in checking the erosion. In the vast loess hills and gullies there is
a lack of areas with gentle slope susceptible to sediment accumulation at the confluence of
arroyo and tributary or tributary and the main stream. Sediment erosion modulus for diffe
rent watersheds (with an area from 0. 18 to 1. 89 sq km of Chaba Ravine varies from 16,
800 to 25,600 ton/km*/year, and depends little on the watershed area, indicating that the
surface-and gully-erosion come very close to the sediment transported by the tributary and
the delivery ratio is close to unity. This is quite different from what has been found in foreign
countries. *

The characteristics of a river depends very much on the characteristics of the watershed
in which the river forms an integrating part. The northwestern part of the loess-plateau is in
the neighbourhood of the deserts of the E'erducsi Plateau. Owing to the intrusion of the
wind-blown sand. the loess is mixed with certain amount of sand, resulting in a relatively
coarse composition. Some of the rivers there have downcut to the sandstone stratum, and
the latter is highly susceptible to weathering. The weathering products are also of coarse
grains. There is ample evidence that the rapid aggradation of the Lower Yellow River is
caused sssentially by the material coming from this coarse-grain supplying area. There is an
area of 430,000 sq km of the Yellow River basin in which the scil erosion is very severe, and
yet 80% of the coarse grain material come from only 100,000 sq km. If concentrated efforts
could be made in checking the sediment supply from this area. the danger created by the
constant silting up of the river channet in the lower reaches * will be much relieved.

tn China, although the sediment has brought about much trouhles, yet it is a natural re-
source which can be used to advantage. The lcess material contains many kinds of fertili
zers, and by diverting it into the land the production will be raised significantly. Through
long practice the broad masses of the labouring pecple have gained much experiences in the
way to improve the soil by irrigating with muddy fiood water. Irrigation and reclamation by
silty water at Zhaolaoyu has a histery over one thousand years. and there has been quite a
develcpment in the techniques as how to do that in recent years in the provinces of Shannxi
and Shanxi and the Inner Mongolia Autonocmous Region. One of the important policies in cur-
ing the Yellow River problem is to put* the water-and sediment-resourses in full use for the
benifits of agricutural and industrial development along the river courses.

New Words and Expressions

1. utilization F| Fi 7.loess ® 1

2. $0il conservation + R 8. susceptible to. .. 5i¥--
3. slope of inclination #}5¥ 9. confluence L& S, 1L 5
4. cultivation #EE 10. arroyo 84

5. insight into ihiH,.E&E 11. moduius BE¥T

8. intensity 3 B 12. ravine 1582
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13. delivery ratio #3L LL 21. evidence iEHE

14. plateau &R 22. aggradation Ef1
15. desert ¥Hik 23, silt up I IRTA
16. intrusion A% 24. relieve 9A1, R
17. wind-blown sand R, K#b 25. irrigating with muddy flood water 33
18. composition 4B A%, &AL M
19. stratum Hi = 26. reclamation &
20, weathering M1k 27.cure IR
Notes

1. and 3 f the sediment production intensity from different parts of a watershed #i
now effective the various soil conservation measures are. .. 43 Fj#& into R EIEH R
EMA]. SR AT now effective R E . WIRAET#E.

5. what has been found in foreign countries. JEiE M), what ZE BN E FIEER.

3. created by the constant silting up of the river channel in the lower reaches iR
B € i, 54 danger. AR AR R E FiA M — L B T LA B R IE (by the constant
silting up of the river channel 34K in the lower reaches J7ith SR .

4. to put AFNEAREAERE.

Lesson 17 Mechanics of Sediment Transport

Combining the stochastic treatment with the principles of mechanics is an important
trend in the modern devetopment of fluvial dynamics and sediment transport. Scientists in
this country have developed formulas for vertical distribution of both the time-averaged ve-
locity and the intensity of turbulence which~ hold true not only in the main flow zone but also
in the boundary layer as well from a stochastic analysis of the turbulent open channel fiow.
Studies have also been made on certain aspects of the stochastic theory of motion of a sin-
gle particle, including the time of rest, the distance of travelling covered by a single step,
ihe height of movement, the time requried for leaving the bed and the transition from one
mode of motion to ancther. Stochastic models and statistical theories of bed-load transport
and sediment diffussion have also been offered.

Measurements have been made on the forces acting* on a gravel at various spots on
the bed surface, the data thus obtained emphasize the equal importance of the lift force and
the drag force in initiating the sediment motion. In Chinese practice, the average velocity is
used more frequently in designating the threshold condition. For the fine particles, cohesion
between particles must be taken into consideration. Universal laws for the inception of mo-
tion including both the coarse-and fine-particles have been developed by various investiga-
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tors and agree well with the measurements.

As the present bed-load formulas are not accurate enough in engineering practice * , the
following procedure is sometimes adopted in determining the bed-load trapnsport of gravel
river in the southwestern mountainous district. A model without scale distortion (or with
small distortion) is tirst built for the river tc be studied. The bed-load transport rates at dif-
ferent flows obtained f12 n the model are then converted to the prototype according to the
proper scale ratios. The sediment-rating curve thus determined * agrees quite well with the
fiald data. In areas where there is no data available, the relative amount of gravels coming
from different tributaries can be estimated by an analysis of petrography. This methed has
been used satisfactorily in estimating the gravel supply of the Sanxia district of the Yangtze
River.

For the sediment in suspension the vertical distribution of suspended load based on the
diffusion theory gives a zero concentration at the water surface which is in contradiction with
the reality. * This is due to the fact that in the process of derivation the mixing length is
taken as zero at the water surface. This is a disputed assumption if the theory is corrected in
this respect, it will give a better answer as far as the concentration at the water surface is
concerned. Whenever there exists a relatively high sediment concentration gradient near the
bed, the von Karman's constant in the logarithmic velocity distribution depends very much on
the Richardson Number. 1t is ncessary to take into consideration the effect of sediment con-
centration on the settling velocity of the falling particles in the integration process while in
deriving the vertical distribution of suspended matter.

The sediment concentration of the rivers in northwestern part of China is usually very
high. The annual average sediment concentration of some of the tributaries is well over
500kg,/m® and the maximurn concentration ever measured can be as high as 60/ by volume.
The flow with such high concentration behaves quite differently from the ordinary sediment-
bearing flow. Some advances have been made in recent years on the mechanism of the flow
with sediment at hyperconcentrations.

New Words and Expressions

1. stochastic FHALH 10. time required for leaving the bed 5 & K
2. fluvial dynamios 1] i3 f12¢ T Het ]

3. formula 27, 11. diffussion &L

4. lime-averaged velocity By & 12. lift force and drag force # I HIHE N

5. intensity of turbulence FE IR IE 13. initiate 1§

6. hold true & /B 14. threshold {1FR{E,#8h

7. boundary layer 1 L B 15. inception F1 &

8. time of rest {K1EHF(E] 16. district #1X

9. single step HIF 17. distortion 2
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18. convert 55 24. mixing length B &< B

19. prototype JE % 25. dispute $i, F
20. sediment-rating curve K i (4 ¥DB-  26. as far as B WS . 2T
FELRMEK) 27. logarithmic velocity distribution %f ¥ ¥
21. petrography & 8% i}
22. in contradiction with 5 F & 28. sediment-bearing flow ¥k 7K i
23. reality Bl5C 29. hyperconcentration #8 Bk &
Notes

1. which hold true. .. H 1 fLi7 which {8 formulas.

2. forces acting on. . . &1 force &7 % ¥ H & 7E Bt LA BEFE 4118 acting. . . fE5E R . B 1
forces.

3. As the present. .. formulas are not accurate enough in. .. , ¥ IEFRIBEMNF).as BH.
HF.

4. The sediment-rating curve thus determined. . . H curve 7 determine M i, ¥ 7
MLt 41 determined Je{E & 1E . 1 i curve.

5. For the sediment in suspension on the vertical distribution. . . gives a zero concentra-
tion. . . which is in. . . & T A9 318 ¥ vertical distribution, 1§15 % give, zero concen-
tration HEiE . which is... R EIFNF] . B zero concentraction.

Lesson 18 Fluvial Processes

As regards the problem of channel pattern, it is usually classified into three categories,
namely, the meandering, the braided and the straight by most of our foreign colleagues.
From what we have observed in rivers in China, the middle and jower reaches of the
Yangize River which have one (or., a few) mid-stream istand with relatively stabilized
branches are quite different in behavior than the braided stream of the Lower Yellow River
whereas the central islands are dispersed and unstable and the river channels are in the pro-
cess of everlasting wandering. So far as the fluvial processes are concerned, these two
types of river should be classified into two ditferent channel patterns. in China we reserve
the name “braided stream” for those such as the middle and lower reaches of the Yangtze
River and a specialized name “wandering stream” is used to designate the channel pattern
as that of the lower Yellow River.

The formation of meandering stream depends to a large degree on the relative erodibili-
ty of the bank material (or, more precisely, the material forming the flood plain). Early in
the sixties, we have succeeded in moulding typical meandering stream in laboratory by sta-
bilized the banks with vegetation or by overflooding with clayey material. From the observa-
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tions taken in ihe Lower Jingjiang River loops. the importance of the circulating flow in de-
termining the fluvial processas of a meandering stream is generally rezognized. Hydrclogical
agencies have also made detailed observations and measurements on the river morphoiogy
of meandering stream in Lower Jingjiang and Lower Weihe River, and valuable informations
are avatlable. Artificial cut-cffs have been made on the Lower Jingjiang and the South Grand
Canal for the needs of the navigation and flood controt. and detailed observations have been
made on the evolution of the pilot channel, the deterioration of the old river and the effect of
cut-off on both the upstream and dewnstream.

The Lower Yellow River is distinctive in its abundance of sediment. large exient of
aggradation and degradation. and the frequent shifting of the river channei. As such*® it is
an idealized situation in studying the fluvial processes of wandering stream. In the sixties.
we summed up the experiences gathering up to that time. and based on which* predictions
were made on the possible changes had occured downstream and has been duly raported in
literature. For wandering stream with iarge sediment content. it is necessary in flood routing
io consider the channel storage of the ftood plain both on water flow and on sediment and the
effect of aggradation or degradation of the main channel. A few semiempirical methods have
been developed in this respect. The flood created by the ice-jam of the Lower Yeliow River
is a constant threat to the safety of levees in Shantong province, and a comprehesive sum-
ming up of the past experiences have been carried cut. Besides the Lower Yeliow River ., the
Yongding River near Beijing is another typical wandering stream. After the completion of the
Guanting dam across the river channel upstream, a coarsening of the river bed has manifest-
ed Itself in a distinct way. The flocd plain has been washing out 1o a large extent, resulting
in a widening of the river channel and an increasing threat of flood against the levee system.

In the middle and lower reaches of the Yangtze River, in addition fo the regulating et-
t_.t of the control points located at the inlet and the outlet of a braided stream. the smalt
variance in flood discharge may aiso play a part in forming the braided stream. Geographi-
cal groups have carried out laboratory studies on the bed-forming process of the braided
stream. The knowledge thus obtained surely deepens our understanding of the naturat pro-
cess.

Considering the hydraulic geometry of the stream channel, the known conditions are the
continuity equation of the fiow, the equation of motion and the sediment transport equation.
and the unknowns are the width, depth . siope and velocity of the flow. One additional equa-
tion is required if the problem is to be completely sloved. Numercus ideas and hypotheses
have been offered in this regard, among which is the “hypothesis of |sast mobility”. With
this additionat assumption. the hydraulic geometry of the stream channel in alluvial plain and
the estuaring reach with tides can be determined to satisfaction. The channel form of an al-
fuvial stream depends to a large degree on the relative ercdibility of the bed and the banks.
The ratio between the threshold velocities of the bed-material and the bank-materal has
peen used as a parameter in correlating with the geometrica! form of the river channel in the
middle and lower reaches of the Yangtze River.
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In planning and designing of engineering projects. one needs to make guantitative esti-
mation of the fluvial processes. If we write down the equation of motion of flow in the form of
a non-uniform and unsteady differential equation. and solve it simultaneousty with the equa-
tions of continuity of the flow and of the sediment, we shal! obtain three sets of characteris-
tics which can be used to determine the variations of velocity , depth of flow and amount of
aggradation and degradation with time, A set of computational methods is available to de-
termine the coarsening effect of the bed and the hydraulic parameters and fluvial processes
of the pilot channel and the ¢ld river after an artificial cut-off. In setting up the mathematical
model for the Lower Yellow River. it has been found that the sediment carrying capacity of
the bed material load of the flow varies with the oncoming load, as * the amount of accretion
and ergsion of the channel bed is so large that the channel form and effective bed composi-
tion change rapidly in accordance with the sediment load. The whole problem is rathr com-
plicated and at the present moment we are only able to make an empirical presentation of
the relationship between the discharge and the transport rate of the bed material load by us-
ing the oncoming bed material load of the upstream gauging station as a third parameter. '
Such a presentation reflects the well known fact that “The more the oncoming sediment

load. the more the siltation of the river channel, and the more the sediment carried out to
the sea™ of the Lower Yellow River.

New Words and Expressions

1. fluvial processes ] [ g7 19. gvolution jE7F

z.as regards &< 20. pilot channel S

3. classify 7338 21. deterioration Bik

1. colleague [&E]fT 22.abundance £E

5.mid-stream island ¥L.0¥ 23.sum up B4

6. whereas T . &, 2 24. duly IEHt

7. everlasting 735 R 8 25. floed routing #KEH

8. wandering 7% 26. channel storage & &, WE/EH
9.so far as=as far as T W5 27.ice-jam K &

10. reserve fR 28. threat &1

11. formation & i 29. comprehesive &4 1)

12. erodibility B iHvE 30. manifest LA

13. precisely }EiHt 31. wash out #%&

14. mould #E | 32.regulating 8

15. overflood 2 it 33. hydraulic geometry ] 48 3% & (7K 17 JL{T
18. clayey F#51RY b FY)

17. morphotogy } 5% 34. hypothesis RiZ

18. artificial A L8 35. least mobility & /MG ahHE
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36. estuarine =estuarial 7 0 &) 412. sediment carrying capacity #¥PEEH

37. non-uniform JEXSSH 43. accretion HEFR
38. unsteady EHEM 44.in accordance with 4%
35. differential equation &#§4> F#& 45. gauging station 7K (o

40. simultaneously [ Rl 46. siltation JFR
41. characteristics JFiF£

Notes

1. As such B E R, RiXHEE.

2. experiences gathering up to that time, and based on which. .. A= gathering 4 HL1E
43 {748 B 18 , {B 1 experiences, based on which 9% which 7R{{, experiences.

3. as the amount of accretion. . .is so large that... B]P as E R . HTF.

Lesson 19 Dredge

Dredging is moving material submerged in water * from one place to another in water or
out of water with equipment called dredges. Dredges today come in two classifications-me-
chanical and hyudraulic. An exceilent review is given by A. L. McKnight in Reference 15
which is abstracted in part below and supplemented with other information.

Types ol Dredges

Mechanical types include the clamshell or grappie dredges. Larger dredges of that type
are no longer favorites. The endless chain bucket (or bucket-ladder) dredge was used
widely earlier in Europe but not in the United States, although they were employed on a few
projects like the Panama Canal.

The mechanical dipper dredge with its heavy bucket moved * by a very strong arm and
boom is still used for dredging relatively loose (usually not solid) reck. The bucket may be
provided with special cast iron teeth. “Big Boy” in Norway has a 2. 6-cubic yard bucket.

The hydraulic dredge is the most important piece of dredging equipment. The plain suc-
tion dredge has no cutter but sucks material off the bottom and discharges it through a stern
connected pipe leading * to a spoil disposal area.

The cutterhead pipeline dredge has a rotating cutter on the end of the ladder and exca-
vates the material from in situs condition and discharges it through the stern to pontoon and
shore pipe. The dredge is controiled on stern mounted spuds and is swung from one side of
the channel to the other by means of a swing gear.

The self-propelled hopper dredge has a large hopper in which the dredged material is
loaded for later dumping through doors in the bottom. This type of dredge is normally em-
ployed where the water is too deep for a pipeline dredge or where spoil areas for such a
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dredge are not available within economic distances.

The development of the hydraulic dredge happened through radom trial-and-error rather
than by plan. The dredging pioneers were.-first of all interested in the practicable aspects of
making money. Oniy those who work directly with the dredge have more than a passing
knowing of its operation or capabilities. Dredging is “a complicated and still empirical busi-
ness and men spend their lives in it, learning almost wholly by experience”. A great im-
provement introduced in 1966 by the establishment of WODCON (world Organization of
Credging Contractors) which had its first international meeting in New York in 1967 and now
issuse its own periodical regularly and arranges world conferences every second year.
Another organization, WODA (World Dredging Asscciation, San Pedro), published monthly
magazines and also published the 1970 Directory of world’'s Dredges and Their Owners.

The hydraulic dredge has, without any doubt, become the most important piece of the
equipment in the entire harbor engineering field. Without the dredge, commercial navigation
of waterways and rivers would be ended. Water-borne industry would collapse. Ocean ship-
ping as it is known would be nonexistent.

Hydraulic dredges dig canals, ports and harbors, do maintenance dredging in rivers,
canals and waterways, and excavate for construction of piers, wharves, docks, dams and
underwater foundations. They provide spoil for the reclamation of swamps and marshes;
they construct dikes and levees, and dredge sand, gravel and shell, as well as coal, goid,
diamonds and many other minerals for commerical purposes. The dredge’s scope of opera-
tion is broad.

Small hydraulic dredges operate in water only a few feet deep. Larger dredges require
more draft but can dig to greater depths. With the aid of booster pumps. the distances
solids can be pumped are unlimited.

Although the dredge’s output is understandably greater in soft materials than in hard, it
can excavate almost anything. It digs mud, silt, loam, ¢lay, sand, hardpan, grave!, coral
and even rock. Boulders weighting 1,000 pounds and more have been excavated and trans-
ported by dredges.

New Words and Expressions

1. dredge I=IEAR 7. provide with B&FH

2. abstract fHiE 8. cast iron teeth ¥4

3. supplement 75 9. hydraulic dredge R IFIEMAR

4. clamshell or grappie dredge ¥ A I  10. cutter & 7)
I AR 11. spoil disposal area MIEK

3. chain bucket{or bucket-ladder) dredge & 12. cutterhead pipeline dredge 4% =35 B AR
SRR 13. ladder #7382,

3. dipper dredge £ L3I AL 14. excavate 54§
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15. in situ ZE 26. pier Eig%k

16. mounted HHEHE -0 27. wharf (& wharves) &2 B2 A 6% %
17. spud #t 28. dock HftH3
18. gear hte  FEIEE 29. swamp it
19. self-propelled hopper dredge HATERRE  30. marsh H
BN ORI 31. dike 1
20. random FEPLAT . (B H 32. booster ME
21. trisl-and error [ MiX 1 33. draft 127K %
22. issue 4. I B 34. hardpan T #h B
23. periodical $HT| 35. coral MY
24. association ffp4= 36. bouider E 8k

25. water-borne 7Kiz

Notes

1. submerged in water %13 A8 E(E & , 16 material.

2. moved by a very strong arm and boom 1 5 i & fif bucket.

3. leading to a spoil disposal area. ] ¥ leading Fy B 75+ 1 H 5[ S H 4 pipe 1Y
EHEAEE.

Lesson 20 The Estuarine Sediment Problem

In China we have long sea coast with many rivers discharging into the sea and forming
all kinds of estuaries according to the volume of run-off, the tidal action and the sediment
concentration and source. These estuaries have been classified into four categories, name-
ly. (1) estuary with strong tides and material supplied from the sea; (2)estuary with weak
tides and materialt supplied by the run-off; (3)estuary with run-off coming from a lake and
material supplied from the sea; (4)estuary with material supplied from both the sea and the
land.

Qiantang estuary is a typical estuary with strong tides and material supplied from the
sea. The estuary is of funnel-shape, and the annual average tidal range at Ganpu is 5. 3m.
Qiantang estuary is famed for its bores, with a maximum bore height at Haining of 3. 7m and
speed of propagation of §~9m/sec. The sirong tidal action carries the material from the sea
into the estuary and formed an enormous bar with a length of 1'30 km and a height of 10m.
The existence of such a bar within the estuary wili naturally affect the fluvial processes in
many ways. Based on the data collected from 22 estuaries in China and abroad, it appears
that bar inside of the estuary will be formed if the ratic between the runoif and the tidal flow
is less than 0. 02, and mouth bar will be formed if this ratio exceeds 0. 1.
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Yellow River estuary is a typical example of the estuary with small tides and material
supplied from the land. Here the average tidal range is only 0. 5m at the ocutlet of Shenxian-
gou. Each year the Yellow River brings 1. 2 X 1¢* tons of sediment into the Bohai Sea, a-
mong which two-thirds are deposited in the delta area and the off-shore zone. making the
delta to advance rapidly. From the years 1855-1954, the coastal line advances 0. 15km per
year on the average, forming a land of 23sq km each year. In recent years the sea coast ad-
vances at a rate of 0. 42km per year owing to the restriction in the scope of the wandering
and avulsion of the river channel.

The estuaries of Yangtze River and Pearl River are those with sediment coming from
both the land and the sea. Out of the necessity of discharging the flood flow, the channels
on the delta of Pearl branch here and there * , forming a complicated network. The slope of
the Yangtze estuary is so flat that the effect of tidal action can be felt 650km upstream in the
low-flow season with strong tides. Numerous bars are formed in the neighborhood of the
river mouth, and the delta under water has a tendency to shift southward as a whole.

Most of the sediment brought into the sea comes from the Yangtze River and the Yellow
River. The sediment carried by these two rivers is rather fine in composition, thereby creat-
ing vasi areas of muddy beaches along many of the sea coasts. The motion of mud has a
great effect on the siliation of harbors and estuaries. Systematic studies on the movement of
mud have been carried out in the laboratery flumes and mud transport capacity of the estuar-
ine-and coastal-flow has been formulated.

Since the liberation many tidal barriers has ben built along the Chinese coast to pravent
the intrusion or saity water and facilifate the inland drainage. The arection of the barrage
changes the ayi.amic condition of the estuarine area and brings about serious siltation down-
stream of the vaiaye. If ample supply of river run-off is available, the sedimeantation can be
breught under control by cperating the gate in a systematic way. One ought to make full use
of the river run-off to regulate the ratio between the velocities of flood-tide and ebb-tide and
to change the relative proportion of the sediment brought in by the flood-tide and that carried
cut by the ebb-tide. If the location of the barrage is not far away from the river mouth and
the sediment accumulatad downstream of the gate is relatively fine, then by increasing the
sediment concentration of the ebb flow through agitating dredging with motor boats the
amount of siltation can be effectively reduced.

New Words and Expressions

1. funnel &} 6. mouth bar $=[7#>

2. tidal range 1% 7. delta = i M

3. fame {FI7 & 8. off-shore zone ¥T 45
4. bore H ¥ 9. restriction FR#&T, 45/
3. propagation HEiH 10. avulsion 278
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li.out of HTF 16. erection Ei7

12. low-flow {57k 17. barrage 15
13.as a whole &4 | 18. flood-tide 1)

14. muddy beach i 2 J5 18 19. ebb-tide 7% %
15. facilitate B F 20, agitate i sh

Notes

here and there ¥ % . F(4b.
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Sectiom ¥ [Port Engineerimg

Lesson 21 Some Basic Definitions of Wave

Before we freely can describe the wave phenomena, we must introduce some concepts
by short definitions.

A periodic surface gravity wave of permanent form pro
pagating* over a horizontal bottom is fully charcterized by -
the wave height H, the wave length L. and the mean water T~ T
depth h (distance from the bottom to the mean water level SN t
MWL), as shown in Fig. 21. 1. The MWL is so defined that x
the area under the wave crest equals that over the wave T
frough * , see Fig. 21. 2. The crest height is the distance from

the MWL to the top of the wave(crest), and is also catled e 211

the positive wave amplitude. Similarly we have the trough

depth, which is the negative wave amplitude. For small CREST

waves (linear theory) these amplititudes* are equal, and [\ MwL

we talk about the wave amplitude o = H /2. M
The time interval between the passage of two succes-

sive crest at a fixed station is denoted the wave period 7. At AN

such a fixed station the phase {(or phase angle) is zero under
the crest; it then increases by 360° during a wave period.
Thus the phase angte of a trough is 180°.

Fig. 21. 2

if a wave motion in two horizontal dimensions is considered . we can distinguish a wave
front which is a curve of constant phase angle. Less general, but sasier o visualize, a wave
front is a curve in the horizontal hlane through adjacent crest points, Fig. 21. 3. The direction
of the wave propagation is described by the wave orthogonals * which are orthogonal trajec-
tories of the wave fronts, as shown in Fig. 21. 4.

A progressive wave is wave train with no(or just stight) reftection, i.e. it is ‘unidirec-
tional’. The wave front propagates with the phase velocity in the orthogonal direction. For
small waves, the wave energy E(potential plus kinetic) propagates with the group velocity
C, in the same direction. The product of E and C; is the mean energy flux* . In deep water
(h/L>>1/2) the group velocity is half the phase velocity, while in shallow water Ch{L=1/
20) the two are almost equal. If currents are present, the situation is mare complex.
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Fig. 21. 3 Fig. 21t

The motion of the surface profile of a wave gives literally speaking a superficial picture
of the true fluid flow. A progressive wave transports energy and momentum, but not neces-
sarily mass. The volume flux g per unit length of the wavefront is the time mean value of the
integrated horizontal partical velocity « over total depth. If ¢=0, we have a pure wave mo-
tion. For small waves, the particle orbits are closed curves, viz. ellipses. (note that these
are the particle paths, not the stream lines). At the MWL the vertical semi-axis equals H/
2, while at the bottom the ellipses degenerate to straight lines. In deep waler the particles
move in circles, while in shallow water the ellipses are very much ‘stretched’ horizentally,
as shown in Fig. Z1. 5.

S o — c
TN N T
_/ N

O ey
O INTER

DEEP WATER MEDIATE DEPTH SHALLOW WATER

Fig 2.5

The particle velocity is in the direction of wave propagation under the wave crest, op-
positely under the wave trough. It is a maximum under the crest. The particle velocity is
generally much smaller than the phase velocity, i.e. «<_<Ic. (An exception is a near-break--
ing wave, where the maximum particle velocity at the crest about equals the phase veloci-
ty. )

The wave steepness S is defined as the ratic between wave height and length. f.e. 5=
H/L.

New Words and Expressions

1. phenomenon ( E phenomena) T4 5. wave crest i
2. permanent 7K A ) 6. wave trough i JiE
3. wave height i & 7. distinction £ %]
4. mean water depth FHIK%R 8. positive E#Y
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9. wave amplitude 08 23

10. negative iy 24.
11. interval 8] [& 25
12. denote Fom 26
13. wave period i & 27.
14. two dimensions 2, — fa] 23.
15. distinguish X 51,175 29
16. wave front ¥ 30
17. unidirectional ¥ 5] &) 31
18. propagate #i# 32.
15. orthogonal IE3EH) . I A48 33,

. potential energy H 8t
product Bl

.energy flux BEER . GEH

. literally 5]
superficial BRiRH .3 EMW
orbit %

.viz. (=namely)[ 7 ]H]
.ellipse #HE

. particle path i 2%

stream line # 4

semi-axis JHl

20. progressive wave HE#F K 34. degenerate Bk

21. trajectory H MUK, BB 35, exception #Fl4H

22. wave train JE 5| 36. wave steepness B
Notes

1. propagating Jg BL7E 5719 F & 3% . 1B 51 wave.

(el

. crest &Ik TR (peak) W F R & . trough 2%, 5 hollow ER& N 2yt

i . R % bottom A %, {B i FiF 7 L1945 trough 1ERR A LS HRER

these amplitudes 1§ positive and negative

;o R W

wave amplitude BRI IRIE .

phase angle %748 ({if) % .phase velocity FEH .
wave orthogonal ¥ 5 % AT IE T2, TR A M£R.
energy flux #i% HEEEE, B TEY W IH » R 18 BEAL -

Lesson 22 Wind-generated Wave and
Significant Wave Height

The waves one sees every day on the ocean* , and those primarily responsible for
coastal erosion, are generated by winds blowing over the water surface. There ars, of
course . waves such as the tsunami that are not generated by winds, and although they can

be extremely destructive their occurrence is 100
coast erosion and so will not be considered here.

rare for them to be a significant factor in

Wind-generated waves are important as energy-transfer agents; first obtaining* their

energy from the winds, transtering * it across the

expansas of the oceans, and then deliver-

ing * it to the coast zone where it can be the primary cause of erosion or * can generate a

variety of nearshore currents and sand transport

patterns. The generation of the waves is

primarily dependent upcn three storm factors: the speed of the wind, the duration of the
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storm, and the fetch area over which the storm occurs. The duration is important in that the
longer the winds have been blowing, the greater the amount of energy that can be trans-
ferred to the growing waves. The fetch area has a similar effect, once the waves travel out
of the storm area they no longer acquire additional energy, so that the larger the fetch area,
the more energy the waves can potentially obtain.

The simplest type of wave is characterized by a height, H, length, L, and period, T,
however, waves in the storm area, do not fit this ideal picture but instead are a complex
pattern of wave crests and troughs, with no two waves seeing to have the same height or
priod. If an individual wave crest is followed it often is observed to progressively decrease
in height and eventually disappear. This complex pattern of waves results because a storm
does not simply generate waves of one fixed height and period, but instead, a whole range
or spectrum is generated. When the wind first blows across an initially quiet body of water
oniy small ripples are formed with period less than ! second and heights of only a couple of
centimeters. As time passes, waves with longer and longer pericd will be formed*® , but
small ripples will continue to be présent and waves with a range of periods will now exist.
The longer-period waves have longer wave lengths, and this also permits them to achieve
greater heights without breaking and thereby losing energy. Concomitant with the progres-
sive increase in wave periods present in the area of generation i3 an increase in wave
heights.

Characterizing the waves in the area of generation is obviously more difficult than in the
case of the simple sinusoidal wave which could be defined by one height and period. Once a
record is otained of the water-surface elevations, determined by a variety of technigues in-
cluding waterpressure sensors, wave staffs, surface “glitter” and other remote sensing
methods, the analysis usually takes one of two possible paths (Figure 22. 1). A statistical
analysis of wave heights can be performed, noting* the maximum wave height in the
record, the average height, or a root-mean-square wave height. A commonly used statisti-
cal wave height is the significant wave height, H,, defined as the average of the highest
one third of the waves. Its choice was based on the impression that in many applications the
larger waves are more important than the small waves, and H, thereby provides a more rep-
resentative wave measure than, for example, the average wave height. It has also been
shown that H, roughly corresponds to a visual estimate of a representative wave height in
that the observer naturally tends tc weight his observation toward the larger waves. It has
been demonstrated theoretically and by measurement that under fully developed storm
waves these statistical wave heights form well-defined ratics.

For example, the ratio of I, to the average wave height is approximately 1. 56, and its
ratio to the root-mean-square wave height is 1. 42. The maximum wave height cbserved in a
wave record depends on the length of that record, so there is no fixed value for its ratio with
the other wave statistios. One can also define a significant wave period or average wave
perlod, but these have somewhat less physical reality than the corresponding wave heights,
and as well see. their use c¢an lead to mistaken results.
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a) Wave Recard

b) Height Statistics c) Special Analysis
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Wave Period {3ec)

Fig. 22.1 The analysis of 2 wave record

(a)usually involves a consideration of stanatics of the wave heights {(b) or a spectral anlysis approach

New Words and Expressions

1. tsunami ¥ 58 14. permit fiF

2. destructive BEIRHERY 15. concomitant with &« fE{E#Y

3. wind-generated wave FE 16. sinusoidal 1E3% /)

4. energy-transter fER 152 17.a variety of Fif

5. expanse ¥E¥, 1@ 18. water-pressure sensor K1 &3
6. coast zone ¥ R 19. wave siaff U

7. duration F8T 20. glitter [VIFEE

8. fetch area & KK, 21.remote sensing & A&

9. acquire &E 292. root-mean-square ¥R

16. a range of —RFIH 23. significant wave height & XIS
11. sepctrum 24. spectral analysis #4247

12. vipple ZH 3 , BE 25. impression W&

13.a couple of JLA, 2= =1

Notes

1. The waves one see every day on the ocean,. . . one see every day. .. CHEEMNA,

7 that 18 B PIERIE B E M
53



2. obtaining. .. ,transfering it. .. ,delivering it to the coast zone where it. .. =44+ iA 5
EIGTEARE H A P it 23 energy.

3. & ) where it can be...or can... X H 3 & {iF] where 3| LAY E iF M 4] . where
7E AR ERGE . or £ can, B TH £ iB £ it(energy).

4. waves with longer and longer period will be formed. H 47 %1 with longer and
longer period 1E 215, {21 waves.

5. noting the maximum wave height. . . 2R B BEIRE.

Lesson 23 Area Requirements in Site Selection

The choice of a particuiar location for the establishment of a port depends upon many
factors including land requirements and requirements to depth and space and to protection of
the harbot against wave action, current action and sedimentation to the extent possible. *

Area raquirements depend upon the character of the port and the corresponding needs
for areas for transportation, storage (dry and open) and industry. Nc general rules for land
requirments can be given, but a modern container berth generally needs about 8 hectares of
jand area. Recent developments have increased this figure to 10-12 hectares. The use of
harbors for industry is often a main factor in planning. Many harbors have a considerable
part of their ingome from lease of industrial areas, while port operations themselves may run
at a deficit. Consequently, many factors are involved in planning of tand facilities.

It is possible to plan with a reasonable degree of accuracy the transportation and stor-
age areas and facilities when the expected inputs-outputs and throughputs have been defined
by basic criteria. Such analyses are now common in all comprehensive port planning.

Site selection and layout of port structures involve basic piobiems that are dealt with in
considerable detail by the Permanent International Association of Navigation Congresses (Pl-
ANC) in its Committee for the Reception of Large Vessels (CORELS). Results have been
pubiished in various reports.

PIANC ICORELS Group |, 1879, reported on “Methods for Analyzing Wind, Wave, and
Swell Data to Estimate on an Annual Basis the Number of Days and the Maxime Buration of
Periods During Which Port and Ship Operations Wiil Be Impeded by These Elements”.

Group |V established general guidelines for the dimension of channels; basins, including
turning circles and safety requi ements; navigational aides; and ship handling problems., in-
cluding models. 1n addition, u <dging problem for construction and mainienance was dealt
with by Group 1V, and evironmental effects of dredging and disposal are reported on by the
PIANC Committee on “Study of Environmental Effects of Dredging and Disposal of Dredged
Materials” published as annex to Bulletin No. 27(Vol. I1,1977) of the PIANG,

Site selection is related to exposure by waves, currents, and sediment transport. To
the exlent possible a marine structure on a sea coast should be placed in a sheltered area,
such as:
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1. Behind an island or shoal.

2. In a deep natural bay or fiord on the coast.

3. In a sheltered lagoon. tidal entrance. or estuary.

With respect to littoral drift problems, allowance must be given for gradual modifica-
tions of the sea bottom and shoreline that may result from building a structure on the coast.

Because of the vast capital investment involved in the construction of large marine
structures, it is important that planning considers future developments, including the general
increase in ship sizes, with particular reference to drafts of bulk, and container vessels.

Site selection is highly dependent upon a variety of environmental parameters as dealt
with in detail by PIANC’s ICORELS Committee No. 1. The so-called “operational limit condi-
tions” depend on the following site conditions .

1. Astronomical tide.

2. Wind,

3. Changes of water level caused by meteorological conditions, in particular storm
surges and the so-called negative surges.

4. Waves (amplitude, period, direction).

5. Currents.

6. Visibility.

7. lce.

8. Sediment transport.

The operational limit conditions are established in each case after a comparative eco-
nomic survay of the different possibilities in which investment costs, maintenanoe costs, and
the necessary requirements for safe navigation are taken into account. *

In order to determine these requirements, it is necessary to make a statistical survey of
the site conditions mentioned above. * The resulting operational limit conditions are atfected
by the environmental conditicns in general, as well as by economic considerations, certain

practical aspects, for examplé the availability of tug assistance, and other necessary ser-
vices.

New Words and Expressions

1. site selection fEht g. input-output FIHE

2.to the extent possible ZE R A[EEATE MR  10.throughput FFE

3. container berth #AEH A7 1l.layout &

4. hectare 2\HR 12. congress £i¥

5.income I A 13.impede %

6. lease M " 14.quideline YR

7. deficit = H 15. turning circle ¥ E

8. be involved in f.3F 16. navigational aids Hi{3Z 1%
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17. annex i3 28. investment $%

18. bulletin 24 25. with reference to 5+ %M

19. exposure F{if 30. butk vessel{=bulk carrier) B KR
20. shelter #E#k 31. container vessel EIEFHAL

21. liord=fjord IR (L EHIs M BB EART) 32, astronomical X LY

22.lagoon FREEM 33. storm surge XL B WE (§iE)

23. with respect to £ F 34. visibitity BE WL BE

24. littoral drift ¥ EH 35. comparative g4 )

25. allowance &y . HiFE 36, availability H%it:

26. modification #7E 37. tug %

27. capital ¥T&

Notes

L AXE B FREBERARESA, £E T £i8E choice, 1HiE2 depends upon
ARXEF .

2. in which investment costs,... costs, and the ... requirements. .. are takeminto ac-
count. R &4 8 18 D\ |, B9 possibilities.

3. mentioned above &4 . FIRM . EXEMFHTH R,

Lesson 24 Harbor Entrances and Channels

The design of harbor entrances, channels and turning basins is dictated by the size of
the largest vessel anticipated to enter the harbor. Although meteorological and oceano-
graphical factors are important in harbor design, ptimary importance lies in determining the
sizo of the design vessel which should be realistic, bearing in mind that * the recent trend in
ship construction is toward larger and faster ships.

Figure 24. 1 shows the projected size of the largest tankers, bulk carriers and freighters
up to the year 2040 as seen by the U. S. Department of Commerce, Maritime Administra-
tion. The numbers indicated certain arbitrarily chosen practical limits of ships shown in
Figure 24.2, based upon an assessment of the current and potential state-of-the-art. The
limit of ship sizes indicated in Figure 24. 1 shows the possibility of a 1,000,000 dwt tanker by
1982, a 400, 000 dwt bulk carrier and a 50, 000 dwt freighter by 1995. The above dwt
average is assumed to be a practical upper limit.

For the benefit of those who may think that the above judgment is too conservative,
Kray extended the curves by extrapolation beyond so-called practical upper limits without
regard to reliability and practicality.

Entrance and Channel Depths
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Fig. 24.1 Projected dwt of largest tanker. bulk carriers and [rieg hters to the year 2040

The differentation between entrance and channel depths is made to suggest that these
depths need not be the same. A harbor entrance is usually exposed to larger waves than
those which occur within the harbor. Consequently, the scend or pitching of vessel may be
larger at the entrance to a channel than within the channel. The anticipated scend is a factor
which is included in the determination of the required depth.

The Permanent International Association of Naviational Congresses recommends that
the minimum design depth should ba the static summer saliwater draft of the daesign vessel
plus 5 to 8 feet (1.5 to 2.5 meters). While this criterion is useful in estimating the required
channel depth, a detailed calculation of the required depth could be based upon a summation
of the following factors. '

1. Load Draft

2. Tide

3. Density

4, squat

5. Pitching and rolling

6. Trim
7. Empirical factors(shoaling rate)

Channel Widths

The channal width is usually measured at the toe of the side slopes or at the design
depth. The channel width depends upon the following factors: (a) the beam, speed and
meaneuverability of the design vessel; (b) whether the vessel is to pass another vessel;
(¢) the channel depth; (d) the channel alignment and whether the channel is in a restricted
or wide waterway; () the stability of the channel banks; (f) the winds, waves. currents
and crosscurrents in the channel. There are no formula which explicitly include all these fac-
tors, but some criteria have been established based upon the beam of the design vessel
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which include these factors implicitly.
The permanent International
Association of Mavigation Congresses
recommends that if there is no passing
of vessels, the channel width should be
three to four times the heam of the de-
sign vessel; if vessels pass, the chan-
nel width should be six to seven times
the beam of the design vessel. They
suggest these criteria would be for ide-
al conditions and that cross winds and
crosscurrents should be considered. *
Another method of determining the
required channel width is based upon
investigations made during studies of
the sea level of Panama Canal during
which model and prototype vessels
were cbserved in motion. The opinion
of pilots and navigators were included
in the criteria presented. This method
divides the total channel width into {(a)
width of the maneuvering lane, (b)
width of the ship clearance lane and

(¢) width of bank clearance. Fig. 24. 2
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New Words and Expressions

1. harbor entrance #5117
2. turning basin [E¥ 7K
3. dictate AL
4. anticipate i A
5.bear in mind iCfE
6. tanker M#
7. dead weight(=dwt) REN{i , HE 7
8. freighter Z: 578l
9. Department ot Commerce R dL &
10. Maritime Administration 1% /S
11. practical limit LREEE
12. state-of-the-art TZZ/KF
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13.reliable nJEEAY

14. incline to i T

15. for the benefit 47T . A T @) Fi

16. conservative {35F#Y

17. extrapolation #M&E, #1E

18. ditferentation [X §|

19. be exposed to 3 ¥

20.scend (=send) 7. L&

21. pitch %

22. saltwater # /K

23. load draft(=loaded draft) (AR )R
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24.rolling % 929. crosscurrent ¥

25, trim 24 (i 30. explicitly 8] .4t
26. shoaling rate TR HHE 31. cross wind 18 A
27. maneuverability $#4 A 8% 32. clearance ¥

28. alignment £

Notes

|. bearing in mind that. .. 1L 41 bearing 4B #3240 YIRS . B that BTN
5 bearing B .

2. should be considered 7 8] iy . A% &, T F L2 &K for ideal conditions. .. .
BXgEE R A EE.

Lesson 25 Breakwaters and Jetties

Breakwater and jetty are not entirely syronymous, and there is a difference in American
and British definition of jetty. In the United States as well as in the United Kingdom., a
breakwater is a structure protecting a harbor , anchorage or basin from waves, thereby pre-
venting these from * exerting their destructive influence upon * the area enclosed for shipping
reception. A jetty in the United States is a struciure extending inic a body of water to direct
and confine the stream or tidai flow to a selected channel or to prevent shoaling. Jetties are
built at the river mouth or bay entrance to help deepen and stabiiize a channel and thus faci
htate navigation. Ip the United Kingdom. jetty is synonymous with wharf and pier,

In order to aveid any confusion caused by the two terminologies, the term breakwater
will be used.

Brecakwaters

Basically, there are two main types of breakwaters: the vertical (or almost vertical)
wall type which may be built of natural rock. masonry, wood. steel or concrgte and the
sloping mound type which may be built of rock, concrete or of rock/concrete/asphalt mix-
tures.

Most vertica! walils are impermeable. Exceptions are the rock crib, which consists of a
box of scattered pile sheets or boards filled with rock. and the petforated vertical wall
breakwater mentioned laler.

Vertical Type Breakwater

With a single breakwater . the Phoenicians built their famous open coast port at Tyre
4,000 to 5,000 years ago. using* rectanguiar blocks tied together with cobber dowels io a
vertical wall. Simitar vertical designs were common in the nineteenth and in the baginning of
the twentieth century.
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Many mishaps proved the big weakness in this design. Ccllapses were caused partly by
waves breaking directly onte the structure and partly by bottom scour in front of the jetty,
causing it to overturn. Four hundred meters of the breakwater at the port of Algiers failed in
1934, and 700 meters of the breakwater at Catania failed in 1933. Both breakwaters con-
sisted of a vertical wall of superimposed blocks based on a rubble stone foundation.

Although the two breakwaters were of similar design and caliber. the failures were
brought about in entirely different ways due to essential differences in construction. Both
breakwaters weére built of massive concrete blocks of cyclopean proportions-in the case of
Catania, 12 by 4 by 3. 25 meters, and in the case of Algiers, 11 by about 4 meters square.
These blocks, weighing 320 and 400 tons respectively. were set as headers transversely in
the breakwaters, their ends forming the inner and outer faces of the wall. However, where
the blocks at Catania were simple superimposed without bedding or bonding. those at Al-
giers were provided with internal holiow shafts or wells which, on completion of the wall to
full height* , were filled with concrete reinforced by stee! bars so as to form a coherent
structure from base to coping. As might be expected under such conditions . the breakwater
at Catania failed by the blocks sliding over one another in successive course; the breakwa-
ter at Algiers collapsed as a whole-in intact vertical sections before fracturing and disinte-
grating, the rubble mound being undermined through wave action and the erosion of a deep
trench in the soft sea bed of sand and mud at the foot of the wail. The failure at Catania was
very similar to the failure at Genova.

In order to aveid such failures, the great force involved in a breaking wave must be ab-
sorbed-or better, be avoided-and adequate scour protection should be provided at the foot
or toe. The latter calls for careful pianning including hydrautic model experiments and expe-
rience.

New Words and Expressions

1. breakwater Bk 12. mishap L

2. |etty 321 13. scour &

3. confine f& ¥l 14. overturn {if &

4. terminology A& 15. superimpose &

5. asphalt I ¥ 16.rubble &7 485

6. impermeable A% 7K ) 17. caliber i %

7.crib KX 18. massive K EH

8. pile sheet ( = sheet pile, sheath pile, 19.cyclopean EA,E£H
sheeting plank) R 20.header T L& BLA

5. perforate ZE¥L 21. bedding #: 2

10. cobber X4 22. bonding B & .5

11. dowe! HET 23. shaft B4
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24. well 3 29. disintegrate Af ##

25. coping Ti 2 30.rubble mound P77 K
26. course & 31.undermine & R} &
27. intact EEH 32.trench 4, Hi 1%

28. fracture B34 . &S

Notes

1. thereby preventing these from exerting their destructive influence upon the area. . . 1}
s prevent from I exert upon #5724 & & K , BL7E 41 i/ preventing i BRI Jexert-
ing H 3 ZiEES 1A from B ETE.

2. using rectangular blocks tied together with. .. . G B 7 using B 1 T HRIE .

Lesson 26 Wharves, Quays, and Piers

Wharves, quays and piers are marine structures which are used for the mooring or tying
of vessels while they are loading or discharging cargo and/or passengers. Wharves and
quays are backed by warehouse areas. marshaling and storing areas. indusiry areas.
roads, rails, etc. -areas often created by extensive fill operations. It is characterisitic for
many ports in the United States and many other places in the world where ports are buiit on
the estuary, bay, lagoon or riverside that fill for construction of port areas and areas adja-
cent to the port come from dredging of port channels and basins. *

A pier is usually a rectangular wharf structure which projects out into the water. in the
United Kingdom , it is often referred to as a jetty. [t may also be cailled a mole, and. in com-
bination with a breakwater , it is frequently termed a breakwater pier.

Because of its geometry , it can be used for berthing of vessels on three sides. A pier
does not necessarily need to run perpendicular to the shoreline or wharf line but may project
under any angle. It may also be connected with the shore or general wherf line by a trestle
and may thus become T-or L.-shaped.

Wharves, quays and piers are often in the general port language combined in ona termi-
nology-docks.

Layout of Quays and Wharves

Quays and Wharves may be placed in an infinite number of ways-no firm rules exist, but
it may be done in a more or less practical way. The twe main boundary conditions for a lay-
out are the water available and its geometry (bay, river, open sea) and the {and areas
available (for harbor services and transport and for industry which most practically may be
placed in the harbor area).

Basically two principles exist. the parallel quay system and the pier system with piers
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perpendicular to or at an angie with the shore. T-piers are mixture of the two systems.
These principles are demonstrated in the New York and Newark Port area.
* % * * *

No general rules exist for length of basins. Quinn only mentions piers with one or two
berths on either side of a pier. Fugl Meyer. on the other hand, says that “the length of a
basin should not exceed 2,000 meters, elsewise transportation and navigation is impedéd".
The basins should not be curved as this makes berthing inconvnient. A slight concavity is
tess inconvenient. Convex quays for larger ships are only practical when floating fenders or
other contrivances are used.

The minimum length of a quay should be sufficient for mooring the longest ship expected
to arrive. At medium-sized ports with 3 meters of water depth, such a ship may be 160 me-
ters long, and adding 20 meters at both ends for moorings. the total minimum length should
he 200 meters.

With respect to basin widths, Fugl Meyer considers the following traffic situations in a
basin with quays at both sides in order to arrive at some definite figures;

1. Maximum ships at both quays with two rows of lighters on the outer side of each ship
and fairway twice the breadth of a large ship between the moored vessels.

2. Smaller cargo ships at both quays with one row of lighters on the outer side and a
fairway four times the breadth of a smaller ship so that two ships are able to pass one anoth-
er.

3. The necessily of widening the basins at river port so thai a row of dolphins can be
placed in the middie as moorages for ships discharging directly to the river lighters and other
river craft. |f such dolphins are placed in the basin. an additional width is required exceed-
ing the width necessary for situation 1. The addition will be one ship of maximum size and a
river craft on either side of it. Two fairways are necessary. and in this case they must be
twice the width of the ship expected.

The foliowing designation are used for figuring the required width of the basin in the
above three situations:

B=22meters. width of a large ship

h==14meters. width of a local ship

« = 7meters, width of a lighter

{=10meters, width of a river craft

Situation 1:4XB-+4Xc=116meters

Situation 2:6xX B+ 2xXc=98meters

Situation 3;7X B4 6> /- ?limeters

in regard to basin depih. Fugl Meyer rightfuily claims that the necessary depth of the
hasins in a port cannot be determined solely by the maximum draught of the arrivals. It is
more practical to have sufficient depth to accommodate the largest conceivable arrival. This
raises the important question of what depths are wanted versus what depths are possible.
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New Words and Expressions

1. quay KN B A § % 14.row HE

2. mooring %8 15. lighter B{A%
3.tie A 16. fairway #iE

1. warehouse [ 7. breadth &

5. marshal EHE 18. dolphin TEARIH
6. store HEFF 19. moorage £HAL
7. mole ik 20. designation # &
8. berth {f1{7 21, rightfully 44 24 H
9 trestie thifF R 22. claim # ¥

10. open sea #hi 23. solely {£{¥

11. convex 1Y 24. draught 2 /K&
12. fender ¥R 25, conceivabie A3 £ 1

13- contrivance %

Notes

It is characteristic for. . . channels and basins, 3§ ¥ K/ E 4 47 . 141 where ports. ..
& EE A, 1B United States and many other places in the world. of port areas and
areas ajacent to the port & &9 construction #). come from dredging. . . #7 it 243 4
VARG BB AN CGE O MPEE . BT 2950k SRR B R ylHEd.

Lesson 27 Fenders

A fender system is supposed 1o assure safe berthing witﬁout damage to vessel or wall
and to absorb forces which might occur while the vessel is moored at ihe quay wall. * Only
part of the forces between vesset and wall is absorbed by the fenders. The forces in the
mooring system were suppased to take care of most of the forces working parallel to the
wall but they are unabie to handle forces perpendicular to and against the wall.

Fenders may be divided into two main groups: (a) protective fenders, which are sup-
posed to function as an energy absorbing protective pad between the vessel and the wall
available at ali times. and (b) impact fenders, which are supposed to absorb impact partic-
ularly during the berthing maneuvers.

The absorption of energy by a particular fender may be compacted from its deformation
diagram ; ‘
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5

AbsorpiionE = _[F(s)ds
o]
When Fis)=forece. and s=travel distance of fender.

Figure 27. 1 shows examples of such diagams for three different system-hydrauhe, steel
springs and rubber, The best system in principle is the linear spring system. The hydraulic
system may be a little hard to the vessel, and the system indicated as “rubber” (not neces-

sarily just rubber) is often too “ship-friendly” on the cost of the quay wall. However, not all
rubber fenders have this characteristic.

R —
— — — —
-y

p— —
T ——
—

Hydraulic Fenders Steel springs Rubber fenders

Fig. 27. 1 Deformation dgrams for fenders

The protective fenders are usually wood or rubber. The woaden fenders may be ar-
ranged with harizontal and vertical members. Exposed timber members may be provided
with a relatively thin protection of hard wood which may be fastened to the main vertical
members by spikes. Creosoted camels (floating timber) or hard wood had been used much
earlier,

Various kinds of rubber fenders are used as protection. Hollow round or square rubber
fe.nders can be hung on the wall (Fig. 27. 2). Solid rubber members or tubes may also be
used on the front side or behind or between ¢ther members (see Fig. 27. 3). Old tires may
serve the same purpose. They may be hung up directly on the wall or be put together as
“Cordkapp fenders”-horizontally or vertically. The fenders mentioned above all have energy
absorption diagrams like rubber fenders in Fig. 27. 1.

Damage to a quay wall usually results from impacts during the berthing maneuver.
Heavy protective fenders also function as impact fenders, but typical fenders must have a
stronger design.

Energy absorption of impacts may be provided by compressin. bending or shear of rub-
ber materials, compression of steel springs, hydraulic compression system, gravity system.
pneumatic systems and hydropneumatic system.

The Japanese V-shaped Seibu-fender absorbs the energy by compression and bending.
It is used where very heavy bulk carriers load or discharge; Narvikore-port Norway is a typi-
cal example.

The gravity fender system works on the pendulum principle and depends on heavy
chains. Limited use has been found in the Brooklyn Naval Yard and in tanker berths where it
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Fig. 27.2 Rubber tube for fendering Fig. 27.3 rubber block between fender mle and wall

has proved to be a satisfactory answer to the problem of avoiding heavy jarring from glanc-
ing blows.

A new principle in tendering, which may prove to be useful particularly for breasting dol-
phins. * is menticned in Reference 28, It utilizes the torque principle and is called “Cam-
bridge fenders,” because it is based on research work on plastic deformation of metals at
Cambridge University , England. Each fender consists of limber pads or rotating pneumatic
fender units carried between the extremities of a pair of torque arms. These torque arms are
rigidy attached t¢ a vertical torgue tube which rctates in journals fixed to dockside or dol-
phin. The impact energy of the ship is absorbed by the torsional deflection of a bar concen-
trically mounted within the torque tube with one end fixed to the dock side.

New Words and Expressions

1. be supposed to K% 12. pneumatic S EM . A 3hiEy

2. assure HRilk 13. pendulum $pE
3. take care of N[, &b 14. jar B3
4. pad FHik 15. glancing 5§

5. berthing maneuver ¥

6. exposed #E M

7. timber JEA

& fasten &

9. spike HET, 5T

10. crecsoted [ %M it &b ¥ &Y
11. camel 1#3

16. breasting dolphin TEALEH

17. torque ¥4

18. extremity K ¥

16. journal i

20. torsional deflection ¥R
21. concentrically [&] 1>Hs

22. deck HR
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Notes

1., A fender system. .. at the quay wall. 7)< H1 and JE££H) to assure fl to absorb P4~
FiF A A S suppose #9E K. be supposed to B 4.V i% . which might 3|t R
¥ i3 AT B4 forces , P X & -y while 3|t BV ARIB A,

2. ,which may be fastened to the main vertical members by spikes. YR sl E BN ),
1% wood.

3. ,which may prove to be useful particular for breasting dolphins AR E | E],

Lesson 28 Mooring

A vessel may be subjected to the following motions as shown in Fig. 28. 1 heave. yaw,
pitch. sway, roll, and surge. Although alil

movements may occur for a vessel m cored at a f< oo P |
quay wall, it is the surge occasicnally the o N D e
u . HEAYE AW
heave, which causes trouble. The surge motion
is usually caused by the penetration of long f T —an 22T
wave in the harbor basin. A very comprehensive LY ;ﬁ&_’ =) == "
______ F
literature on the computation of meoring forces PITCH SWAY
in avilable. Nl
Mooring is provided by wires or ropes at- ( iﬁﬁ) ) - =
O -
tach i hi
ed to pollards, bolards and rings which are ROLL SURGE

uuually fastened to concrete blocks or other b 261 Varioss movement of vosse
heavy elements included in the quay wall.

Bow . stern and side lines keep the vessel at the quay. Surge (or spring) lines hinder
surge motion parallel to the quay. Forces to be absorbed are exerted on the vessel by
winds. currents, waves (short period for larger vessels) and occasionally by other kinds of
waves like tsunamis and ship waves. In order to absorb the forces, cables should be in as
horizontal a position as possible, which is difficult where the tidal range is high. Moreover ,
it is an advantage that mooring cables be made of the same material, arranged symmetri-
cally. if forces are mainly ¢f symmetrical character. *

Mooring ropes are available in many types of lay constuction, mainly of steel and natu-
ral or synthetic fiber materials. Individual wires or fibers are woven together into strands
which are woven int¢ ropes according to specific lay patterns. In “regular lay”, the wiren or
fibers of the strands have a directional twist which is opposite to that of the strands them-
selves. The lay is “right hand” if the twist of the strands appears ciockwise when looking a-
long the rope; “left hand” if the twist is counter -clockwise.

The wires in steel ropes may have different grades of strength and may be galvanized
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for protection against corrosion. A steel wire rope usually consists of six strands. each con-
taining 19, 24 or 37 individual wire filaments built arcund fiber (or steel) cores. Fiber ropes
usually consists of three strands (plain-lay}. but may be obtain in four strands (shroud-iay?
or nhine strands(cable-lay’ construction.

Typical fiber materials are manila, sisal. coir, nylon. saran, dacron, rayon and pro-
lene (polypropylene). Manila hemp is grown in the phillippines; sisal fiber in Mexico. East
Africa and Java and coir in India. The remaining fibers are synthetic products which provide
certain desirable properties not found in natural fibers.

Manufacturers’ data on weights of mooring ropes in air and water . when plotted against
nominal diameter, show a square power law relation weight to diameter for both steel wire
and fiber mooring ropes. wet or dry. in general, the weights of mooring line per unit length.
w. in water and, w,, in air may be expressed in terms of nominat diameter, d,by

w=_C,d"
and
wa=0Cd’
in which C,, and C, the constants of prepertionality in the respective relationships.

Manufacturers’ data for the breaking (ultimate) strength, T, of sieel wire and fiber
maooring ropes are plotted as function of nominal rope diameters. The distribution of plotted
points of like type closely parallel the series of diagonal lines which represent square —pow-
er relationships.

Tu=Clud
Where (', is the constant of proportionality.

Next to steel., nylon ropes have the greatest strength for their size and weuld be valu-
able for certain types of mooring because of iow weight, Dacron, prolene and manila ropes
may be of value in instances where less elasticily is required than nylon. Manila and coir
ropes have been used extensively in harbor mooring; manila being a favorite. Coir ropes.
with greater elasticity but less strength that manila, have been widely used for “spring” or
“strops” to which steel wires are connecied for cushioning the effects of surge in harbors.

With fiber ropes there is generally a difference between the ultimale strengths of the
wet and dry rope. For nylon rope. wet strength is commonly rated from  to 19% iower than
dry strengih. Prolene rope has a wet strength which is about o% greater than its dry
strength. Dacron rope has effective equality between wet and dry strengths.

New Words and Expressions

l.yaw O &> Wi, R 4. surge %
2. sway % 5.rope #%
S.roll #&E 6. attach %%
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7. pollard §d 23. shroud %

8. bollard B H () £ 24. cable-lay &
g.ring ¥ 2%. manita Ly R 5 (B3 )R
10. spring #4445 . B4 26. sisal 75D /RAR
11. hinder BALiL 27. coir #hE%, #E LA 4E
12. moreover 4k 28. nylon B
13. lay #%,8% . 1% 29. saran 2
14. synthetic & ) 30. dacron ¥4
15. fiber #F4E 31.rayon A%
16. weave (wove ,woven) iR 32, prolene{ =polypropylene) (&) BERH
17.strand & 33. hemp KK
18. twist {12 34. nominal tREF (B . HE (B
14. galvanize 8§ % 35. diagonal X f | . FHY)
20. filament 42z 36. instance &
21, core s 37. strop Bp &
22. plain-lay fa B¢ 38. cushioning &
Notes

Mareover, it is an advantage that. .. , arranged symmetrically . if forces are. . . 2rH
& B 1E E1E Y that mooring cables be made of the same material X {cifi e A it is. ..
that. .. {4 ¥y . %1 arranged symmetrically 53 & 40 A i 7 K E . YL cable #9147 &
5o, if forces are. .. RN,

Lesson 29 Artificial Islands

There is a wide variety of reason why harbor authorities * and industry in various loca-
tions of the world are contemplating the creation ot artificial islands for the reception of large
ships and the development of related industrial activities. Although the definition of “large
ships” adopted by IAPH and PIANC is generally vessels of 200,000 dwt and greater, for this
report some smaller special purpose ships are also considered.

in general , realization of such islands could solve the problems arising from the ever-in-
creasing drafts of ocean-going vessels as well as those related to coastal congestion and
pallution.

As boundary conditions of such projects will vary considerably from one location to the
other . * it cannot be expected that general recommendations could be conceived applicable
for the complete evaluation of the technical and economic feasibility. * Nonetheless, it is ob-
vious that a number of problems encountered x during the study of one project will run fairly
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paraliel to those encountered = in another and that it will be useful to exchange the experi-
ence of all institutions concarned in the internationai forum of PIANC,

So an island terminal will generally be part of a transport system, linking an oversea
source or destination with one onshore or inland. The choice of an artificial island is a shift
of the normal onshore location within the complete transport system. However, a justitied
decision can be made only by a cost-benefit analysis of the whole transport system from ori-
gin to final destination,

Cost of deepening * and expanding * existing" ports and their seaward approaches be-
comes prohibitively expensive in many instances. The principal factors are.

1. Exorbitant increase of material to be dredged, or if the bottom consists of rock, its
difficult removal. (Quantity or quality of bottom material to be removed).

?. Existing tunnels, locks. cables, pipelines, etc. do not permit further deapening un-
less they are replaced(artificial fixtures).

Coastal Processcs

Shoaling. in particular, makes harbor and channel deepening an increasingly cosily
maintenance problem, because the greater depths tend to produce stilling basins in which
sediments transported by tides and currents sink to the bottom,

Congested coastline utilization is becoming a major concern. In a recent U. S. Confer-
ence on “The Seaward Advance of industrial Societles”, statistics were presented on the in-
creasing density of population in coastal areas. tending to stimulate the filling-in of estuaries
and the creation of “made” land.

1. “Highest and best use” of land thus become a criterion for coastal zoning both on-
shore and otfshore.

2. Lack of dredge disposal sites makes dredging of rivers and channels even less at-
tractive . as land sites become scarce and environmental concerns over tidelands preclude
the filling in of marsh areas.

3. Environmental damage of big ship terminats, caused by their construction. as well as
by dredging . makes their presence close to population centers increasingly objectionable.
This leads in many cases of expanding port needs to lack of feasible sites.

In addition, the operation of such terminals produces an unwelcome increase in support-
ing activity, and greater risk of severe damage from collisions or from any single accident
that is unacceptable to the residents of some areas.

Pollution

Noise, spills. visual objections, and the strong desire on the part of many people to
preserve the “status quo” of waterfronts with respect to industrial use. has focused attention
on removing these operations to offshore islands. Or, in some cases, it has produced a de-
sire to move polluting industries offshore where “poilution tolerance” may be greater, in or-
der to make room for other industries on shore. For example, noise and unsightly effects will
not be heard or seen by residential users of land if they are offshore far encugh. Also other
emanations from industry may be so diluted in the open, uninhabited ports of the Continental
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Shelf as {0 have no measurabie det ment to its ecology.

Expandability of nrtificial islands i+ one of their great attraction. Placed far anough from
existing devztopan land. the expansion is not imbzd and indeed can be aided by the very
debris and soild waste that are chokina Lur big cities,

New Words and Expressions

i. contemplate 4

2. ccean- going vessel LS
3. congestion #%:

4. conceive H§

& nonhetheless =nevertheless ¥k i
6. forum 15

7. terminal 4Lk

8. oversea ¥ ¢b

o, Justify HER - R E YA

10. prohibitive ¥ -4k

11. exorbitant i3 J# 7]

2. fixture 38

4. stilling basin @K
14.congesi ¥

I zoning XK. 4%

16. tideland 7 fvi] #h

17. preclude i Eh , Hibk

13. presence TR

31

Notes

. objectionable Fi# 7 ATdg
.expand Tk

. coHision oE g

. reswient 5K

- spill ;7

. objection Fz 1t .65
.status quo {7 AR
. waterfront KK

. tolerance %R
.unsightly TRETLAY

. emanation %

30,

dilute &

.uninhavited 1 AR {FEH
32.
33.
34.
5. choke # i

detriment 5%, i A F| iy
ecology " B4F
debris L Ek

1. ,There is a wide variety of reason why harbor. .. Bl 35 £ 817 why 5184218 M 5.

1% {fi reason.

2. . As boundary conditions. .. will vary. .. other, & 1 JFEFH M 4], that general recom-
mendations could be conoeived. . . feasibility & 1M &) BHH ST it JEXITIRGE

mAEATIE),

3. ,Cost of deepening and expanding existing ports. . . jX B & 4 1 B = 4~i7] deepening,
expanding, existing, A -~ ) &1 . tE & B 124 cost, B =4 existing K8 #£ 8]

e B4 ports,
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Lesson 30 Container Ships

This most popular of unitized vessels has grown from simple port container ships to
large super container liners of 53,000 dwt and 2,810 container capacity. Ships of up 1o 31~
32 knot speed are available now. The rapid expansion of container shipping has resuited in
the creation of shipping and terminal over-capacity on dense trade routes (Atlantic and Pacitf-
ic). Secondary trade routes are now converting to containerization with many first and sec-
ond generation ships diverted tc these routes after being displaced * from the highly com-
petitive dense trade routes.

Future container ships will confinue ¢ increase in size though not in speed. We expect
future transoceanic container ships to have capacities of 3,000~4.000 container equivalents
and speeds of 25~ 26 knots. The major change will be in the hul! form with multi-hulled
{catamaran. trimaran) ships increasingly poputar. Such vessels will probably not handle in-
dividuai containers but transfer containers in container block of 8~64 containers by strong-
back gantry lift or horizontal warehouse ship type conveyor transfer.

Trailer ships are the most volume and stability limited vessels of all commercial cargo
ships. Because they cover a narrow range of size, the use of constant ratios is reasonable
for this ship type. Ro/Ros have a low L/D(length to depth ratio) because they need large
hull depth due te the addition of the hull carriage.

Other than slightly greater depth and beam. a Ro/Rc has similar dimensions to a con-
tainer ship of comparable deadweight.

As opposed to container ships, break-bulk ships are slower and therefore have iower
L! B (ength to beam) ratios. Because they are generally smaller and have less stability
problems . they have smaller 5/D ratio. Because their hatches are smaller ., they need |ess
depth than container ships because’ tween deckers are packed tighter than container ships.
They are slightly fuller hulled (higher block} than container ships and because they are less
yolume limited than container ships, their deadweight as a percent of displacement increas-
os with displacement because steel, fuel and machinery weights do not rise linearly with dis-
placement.

Tankers tend to vary considerably in their particulars. but do not vary that much from
ore or grain carriers and are quite similar except for having higher I./B and L/D ratios. The
higher 1./D is possible because of the high cargo density and lack of hatches.

Because tankers are used as grain carriers. and combination ore/oil carriers exist. this
simifarity is not surprising.

Ore and mineral carriers are much stower than container ships therefore have fower
length to beam ratios ., and higher block coefficients. Because they are cperating at speeds
where skin friction is a more important component of hull drag. and since large ships gener-
ally do not service shallower ports. the beamn/draft ratio is smaller in order 1o reduce the ra-
tio of deadweight to wetted area. The L./ is smaller than container ships because they are
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weight limited ., and their lack of large hatches allows this because the continuous deck en-

sures hull strength without large hull depth. Deadweight to displacement ratic increases with
displacement because steel, machinery and fuel weight does not increase in proportion to
displacement.

Grain carriers tend tc be a bit longer than the same capacity mineral bulk carrier. with
higher L/B and B/D ratics, approaching those ot break-bulk ships. They have greater depth
for the same deadweight compared to mineral carriers, but have the same L/D ratios. Their
. bleck coeftficlents are slightly lower because of their slightly higher speeds. The deadweight
is not as high a percentage of displacement as mineral carrirers because of the higher steel
(depth) weight, more machinery, and fuel weight required for higher speeds.

New Words and Expressions

1. unitized B304k 14. volume-limited 4 15 &1
2. liner BLHY 15. hull carriage ;%4

3. knot ¥ (=B /D) 16. break-bulk ship HH 4%

1. dense FH 17. comparable 284 #]

5. containerization S # L 18. hatch fi 3%

6. transoceanic 18 K R 19. decker HH R

7. hull #E & 20. displacement K B

8. multi-hulled & # 21. fuel #R%K)

9. catamaran X A% 22. particular 4 HijTEE

10. trimaran =& A% 23.ore B

11. strongback & ENE 24.block coefficient 1E 3 £ ¥
12. conveyor kil & 25. wetted area PEK (£ 1A

13. trailer ship B 02 2% FH G
B roll on/roll off (ro/ro) ¥ 3 A

Notes

,after being displaced. . . E 7 being displaced & 3 &iAHPINES, EMFARH.
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Sectiom NV DManagement and Supervision

Lesson 31 Construction’s Future

The most profound recent developments in construction are the increasing size of many
of its projects and organizations, the increasing technological complexity of such projects.
more complex interdependencies and variations in the relationships among its organizations
and institutions . and proliferating regutations and demands from government. At the project
level , management has just begun to integrate design, procurement. and construction into
one total process. There are now, and will continue to be, shortages of rescurces, including
materials, equipment, skilled workers, and technical and supervisory staff. There will be
more and more governmental regulation of the safety of design and of field construction
methods, environmental consequences of projects, and personnal policies at all levels.
Management must also cope with new ecomomic and culturai realities resulting from infla-
tion, energy shortages, changing world development patterns, and new societal standards.
These trends have been accelerating and will probably continue into the future.

Clearly, economic difficulties and increasing shortages of materials and other resources
play a major role in the problems now facing today’s projects. But this is not to say that en-
gineers and managers must sit hopelessly by while urgently needed projects run out of con-
trol or are abandoned altogether. On the contrary, it is all the more critical that the skilis of
project engineers and managers improve, and that they have better tools with which to
work, so they can optimize the planning and control of available resources and better cope
with challenging realities imposed by new economic consiraints. In spite of continuing eco-
nomic problems, there is an ongoing need for the construction industry to expand and im-
prove its capabilities and its scope of operations to meet changing and. in the long run,
growing demands for its services.

The potential benefits from imporoved methods of accomplishing the management of fu-
ture projects are worth seeking. For example . knowledgeable sources have estimated that
the costs of delay one maijor two-unit nuclear power plant exceed $ 200,000 per day. Con-
sider this In view of current 10-to 11l-year design and construction times for such porjects,
and multiply it by the 50-plus power plants in the active concept, design, or construction
phases at any ong timeé. The potential savings thus derived are for just one segment of the
industry. Similar conclusions may be drawn when looking at urban rapid transit systems., re-
finery and chemical plants. pipelines, mineral resource developments, and the design and
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construction ot projects to implement the advanced technologies that will be required even to
maintain. let alone improve. our standard of living.

Time, money . equipment, technology. people. materiais. These are resources. Orga-
nize them into activities. perform the activities in a logical sequence. and one has a project.
Whether it is to consiruct a cottage at the beach or to design and consiruct a billion-dollar
rapid transit system, the pattern is the same. Practice has been to assign total responsibili-
. ty for alt these factors to one person; a project manager. Over the years. this has proven to
be a good approach. Intelligent. competent, experienced project managers have succeeded
in “putting it all together”. Can they continue? Why the past decade's failures? Now, more
than ever . planning and control of the resources required to successfully accomplish today’s
increasingly complex projects remain among the most difficult and perplexing management

responsibifities. Success will require the fullest understanding of all facets of the construc-
tion industry.

New Words and Expressions

i. profound B ¥ Y 16. impose @M

2. complexity & 24k 17, contraint 24% , Hifl , R A1

3. interdependency FHE KT 18. construction industry 2%
1. proliferte {1 19. in the long run AR RIE, &35, W T W
5. procurement SRIE . K70 S5 W EERE IR E

6. supervisory Ha &y 20. knowledgeabie H H1H

7. consequence i & 21. sources {2 E E AL

5. personnel A TF 22. twa-unit A{¥LH

5. cope with %} { . FE{} 25. implement Bt 521

L. inflation 8 T5 B2 3% 24. let alone F AL . 40 H AR
il.sit by B AHE 25. sequence I

12.run out of control % 223 26. competent HEETH) BEILH)
13.abandon B # 27. perplexing 5 743
i4.optimize kILHH & 28. facet /. A

15. challenge Pk B3R

Lesson 32 The General Agreement on Tariffs and Trade

GATT-the General Agreement on Tariffs and Trade-is a multilateral treaty, subscribed
to by 88 governments which 1ogether account for more than four-tifihs of world trads. Its ba-
sic aim is to liberalize world trade, and place it on a secure basis, thereby contributing to e-
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conomic growth and development and to the welfare of the world’s peoples. The General A-
greement is the only multiateral instrument that lays down agreed rules for internaticnal
trade.

For the past 35 years, GATT has also functioned as the principal international body con-
cerned with negotlating the reduction of trade barriers and with international trade relation.
GATT is thus both a code of rules and a forum in which countries can discuss and cvercome
their trade problems and negotiate to enlarge world trading opportunities. The eighttold
growth in the volume of international trade since the Second World War has provided conti
nuing evidence of GATT's success in this double role.

GATT entered into force in January 1948. Since that time, its membership has risen
from its original 23 countries to the present figures of 88, while a further 31 countries also
apply its rules in their trade.

GATT's rules govern the trade of its member countries and the conduct of their relation
with one another. The contractual rights and obligations which it embodies have been ac-
cepted, voluntarily, in their mutual interest, by the mernber countries. Oversesing the appli-
cation of these rules is an important and continuing part of GATT's activities. GATT is also a
place where countries negotiate and work together for the reduction of trade barriers, in
pursuit of its constant and fundamental aim of the further liberalization of world trade. In suc-
cessive multilateral negotiations in GATT, obstacles o trade have been progressivly re-
duced.

Throughout the past two decades, GATT has been increasingly preoccupied with the
trading problems and needs of the developing couniries, which account for mors that two-
thirds of its membership. Developing country GATT members have for many years been able
to apply certain of its rutes with considerable flexibility. In 1965, additional provisions were
added 1o the General Agreement specifically dealing with trade and development. Promotion

of the trade interests of developing countries was an important element in the Tokyo Round
of trade negotiations.

New Words and Expressions

1. tariff 68 10. trade barrier ¥ HHEER

2. multilateral % i 11. code #EM,<F M)

3. treaty & &4 12. eightfold growth & -H %
4. subscribe to (EXH L)ER 13. enter into force 4%

5. liberalize -3 H ik 14. apply its rules & B HHE
6. secure FE[EH 15. contractual FE9H

7. instrument U, RAGCTH AL 580D 16. obligation X 4%

8. lay down #HiT 17. embody .55, {&EH

9, function & 1EVEH 18. voluntarily B &
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19. mutual FtE /Y 23. floxibility & 1%¥E

20. oversee Vi 24. additional provision ¥ FE&E
21.in pursuit of FR. B3R 25. Tokyo Round #I [E-&, FIR =ik
22. preoccupy ¥if

Lesson 33 Condition of Civil Engineering Construction
(FIDIC)

Part §I-General Conditions

Definitions and Interpretation

1.1 In the Contract (as hereinafter defined) the following words and expressions shall
have the meanings hereby assigned to them, except where the context otherwise requires .

(a)( 1) “Employer” means the person named as such in Part 1 of these Conditions
and the legal successors in title to such person., but not (except with the consent of the Con-
tractor) a ny assignee of such person.

(T) “Contractor” means the person whose tender has been accepted by the Employer
and the legal successors in title to such person, but not {except with the consent of the Em-
ployer) any assignee of such person.

(1) “Subcontractor” means any person named in the Contract as a Subcontractor tor a
part of the Works or any person to whom a part of the Works has been subcontracted with
the consent of the Engineer and the legal successors in titie to such person, but not any as-
signee of any such person.

(V) “Engineer” means the person appointed by the Employer to act as Engineer for the
purposes of the Contract and named as such in Part 1 of these Conditions.

( V) “Engineer's Representative” means a person appointed from time to time by the
Engineer under Sub-Clause 2. 2.

(b) (1) “Contract” means these Conditions (Part I and 1}, the Specification. the
Drawings, the Bill of Quantities, the Tender, the Letter of Acceptance, the Contract Agree-
ment (if completed) and such further documents as may be expressly incorporated in the
Lelter of Acceptance or Contract Agreement (if completed).

( 1) “Specification” means the specification of the Works included in the Contract and
any modification thereof or addition thereto made under Clause 51 or submitted by the Con-
tractor and approved by the Engineer.

( 1) “Drawings” means all drawings, calculations and technical information of a like
nature provided by the Engineer to the Contractor under the Contract and all drawings,
calculations, samples, patterns, models, operation and maintenance manuals and other
technical information of a like nature submitted by the Contractor and approved by the Engi-
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neer.

(V) “Bill of Quantities” means the priced and completed bill of quantities forming part
cf the Tender.

(V) “Tender” means the Contractor's priced offer to the Employer for the execution
and completion of the Works and the remedying of any defects therein accordance with the
provisions of the Coniract, as accepted by the Letter of Acceptance.

(V1) “Letter of Acceptance” means the formal acceptance by the Employer of the Ten-
der.

(VI) “Contract Agreement” means the contract agreement (if any) referred to in Sub-
Clauves. 9. 1.

(Vi) “Appendix to Tender” means the appendix comprised in the form of Tender an-
nexed to these Conditions.

{c) (1) “Commencement Date” means tne date upon which the Contractor receives
the notice to commence issued by the Engineer pursuant to Clause 41,

( 1) “Time for Completion” means the time for completing the execution of and passing
the Tests on Completion of the Works or any Section or part thereof as stated in the Contract
(or as extended under Clause 44) calculated from the Commencement Date.

(d) ¢ ) “Tests on Completion” means the tests specified in the Contract or otherwise
agreed by the Engineer and the Contractor which are to be made by the Contractor before
the Works or any Section or part thereof are taken over by the Employer.

{ 1} “Taking-Over Certificate” means a certificate issued pursuant to Clause 48.

(e) (1) “Contract price” means the sum stated in the Letter of Acceptance as payable
to the Contractor for the execution and completion of the Works and the remedying of any
defects therein in accordance with the provisions of the Contract.

( 1) “Retention Money” means the aggregate of all monies retained by the Employer
pursuant to Sub-Clause 60. 2(a).

() (1) “Works” means the Permanent Works and the Temporary Works or either of
them as appropriate.

( 1) “Permanent Works” means the permanent works to be executed (including Plant)
in accordance with the Contract.

( 1) “Temporary Works” means all temporary works of every kind (other than Contrac-
tor's Equipment) requirad in or about the execution and completion of the Works and the
remedying of any defects therein.

{ IV ) “Plant” means machinery . apparatus and the like intended to form or forming part
of the permaneni Works.

( V) “Contractor's Equipment” means all appliances and things of whatsoever nature
(other than Temporary Works) required for the execution and completion of the Works and
the remedying of any defects therein, but does not include Plant, materials or other things
intended 10 form or forming part of the Permanent Works.

(V1) “Section” means a part of the Works specifically identified in the Conltract as a
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Seclion.

(VI) “Site” means the places provided by the Employer where the Works are to be exe-

cuted and any other places as may be specifically designated in the Contract as forming part
of the gite.

{g) ( 1) “Cost” means all expenditure properly incurred or to be incurred, whether on

cr off the Site, including overhead and other charges properly allocable therato but does not
include any allowance for profit.

( I » *day” means calendar day.

( T ) “foreign currency” means a currency of a couniry other than that in which the
Works are to be located.

(N) “Writing” means any hand-written, type-written, or printed communication, in-
cluding telex, cable and facsimile transmission.

New Words and Expressions

1. general condition 3 F§ %% 17. defact fiR G
2. employer j& 1= 18. comprise &8
3. legal successor SR A 1%. commencement date ¥ T H
4. consent R & 20. pursuant to #&8g
5. contractor &AL A RE L, KEH 21. time for completion ¥ 1%t [a]
6. assignee FiL A ZIGA 22. taking-over certificate HWEH , BHIE
7. specification (A #
8. drawings B 4% 23. retention money B K
9. bill of quantities TR EEHR 24. aggregate FEK
10. tender 45, 110 25. as appropriate Mi§ M €
11. letter of acceptance % 26. execute L HE
12. contract agreement & A i+ 27. appliance FHE ,#§ R
13.incorporate 44 28. expenditure 3 B , 7L
14. approve fitHE 29. incur W%
15. execution 2EK 30. overhead charge # ¥ 73, M A
16, remedy # - 31. allocable BJ 4Ry, A4+ TREY
Notes

1. FIDIC B33 Fedération intérnationale Des Ingénieurs-Conseils ([ [ ¥ ] LRI &
SOYHEBE HEZESHITHIAIRSR AXRBHREETRK. AR U RE
4y, FERRN .

9. FIDIC FZcibir — A T4y, H— AR H &4 (General Conditions)  — 4 RHFE
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% {4 (Specific Conditions) . XM E4rLF M ARE R BE”, REN M LRRH"=
BRI FH R

Lesson 34 Tender and Agreement

TENDER

NAME OF CONTRACT: *
TO.*

Gentlemen,

1. Having examined the Conditions of Contract. Specification, Drawings. and 8ill of
Quantlities and Addenda Nos for the execution of above-named Works, we the
undersigned, offer to execute and complete such Works and remedy any defects therein in
conformity with the Conditions of Contract. Specification, Drawings. Bill of Quantities and
Addenda for the sum of

( )
or such other sums as may be ascertained in accordance with said Conditions,
2. We acknowledge that the Appendix forms part of our Tender.

3. We undertake. if our Tender is accepted, to commence the works as soon as is rea-
sonabiy possible after the receipt of the Engineer’s notice to commence . and to complete the
whole of the Works comprised in the Contract within the time stated in the Appendix to Ten-
der.

4. We agree to abide by this Tender for the period of* _ days from the date fixed
for receiving the same and it shall remain binding upon us and may be accepted at any time
before the expiration of that period.

5. Unless and untll a formal Agreement is prepared and executed this Tender, together
with your written acceptance thereof, shall constitute a binding contract between us.

6. We understand that you are not bound to accept the lowest or any tender you may
receive.

Dated this day of 1% !

Signature in the capacity of
duly authorised to sign tenders for and on behalf of

(IN BLOCK CAPITALS)

Address
Witness

Occupation

(Note ; All details marked * shall be inserted before issue of Tender documents. )
Agreement
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This Agreement made the day of 18
Between

of

o ____thereinafter cailed the Empioyer Yot the one part and
of

( hereinafter called the

“Contractor”) of the other part.

Whereas the Employer is desirous that certain Works should be executed by the con-
tractor, viz

and has accepted a Tender by Contractor for the execution and completion of such Works
and the remedying of any defects therein.

Now this agreement witnesses as follows:

1. In this Agreement words and expressions shall have the same meanings as are re-
spectively assigned to them in the Conditions of Contract hereinafter referred to.

2. The following documenis shall be deemed to form and be read and construed as part
of this Agreement . viz:

(a} The Letter of Acceptance;

(b) The said Tender;

(¢) The Conditions of Contract{Parts 1 and I);

(d) The Spcification;

(e) The Drawings; and

(f) The Bill of Quantities.

3. In consideration of the payments to be made by the Employer to the Contractor as
hereinafter mentioned the Contractor hereby covenants with the Employer to execute and
somplete the Works and remedy any detects therein in conformity in all respects with the
provisions of the Contract.

4. The Employer hereby covenants to pay the Contraclor in consideration of the execu-
tion and completion of the Works and the remedying of defects therein the Contract Price or
such other sums as may become payable under the provisions of the Contract at the times
and in the manner prescribed by the Contract.

In witness whereof the parties hereto have caused this Agreement to be executed the
day and year first before written in accordance with their respective laws,

The Common Seal of

was hereunto affixed in the presence of:

or

Signed Sealed and Delivered by the

said

in the presence of:

Binding Signature of Employer

Binding Signature of Contractor
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New Words and Expressions

1. addendum ( & addenda) 3%, #fi#t
2.Nos numbers {455 7 5,

3. undersign TE X AXRBREH

4. in conformity with {8

5. ascertain 2 B

6. abide by <

7.bind RALIEAD

8. expiration J§i, & 1t

9.in the capacity of Ll B ¥H&

10. authorise Z3%, ¥

11. withess §E A, WIE A iE4E o R 9IRS
12.insert A JHHZE HE

13.in witness fE yiFE$E ., fE HIEA

14. deem A A

15. construe B

16. covenant 4k

17. prescribe #L5E

18.seal 5 E

16. affix B8
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Translation for Reference
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.
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