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Lesson 1 The Civil Engineer and Geology 1

Lesson 1
The Civil Engineer and Geology

Every branch of civil engineering deals in some way with the surface of the earth,
since the works designed by civil engineer are supported by or located in some part of the
earth’s crust. The practice of civil engineering includes the design of these works and the
control and direction of their construction. Geology is the name given to that wide sphere
of scientific inquiry which studies the composition and arrangement of the earth’s crust.

At the start of the 19th century, before engineering had become the highly specialized
practice it is today, many civil engineers were also active geologists. William Smith is the
outstanding example of these pioneers. Robert Stephenson combined geological study with
his early work in railway construction, and other well-known figures in the annals of civil
engineering history were also distinguished in geology.

Today there is widespread recognition of the vital importance of the science of geology
to those who practise the art of civil engineering, Geology is commonly included as a basic
subject in courses of training for civil engineering; civil engineering papers contain fre-
quent references to the geological features of the sites of works described; and soil me-
chanics, the generally accepted scientific approach to soil studies, provides a common
meeting ground for civil engineer and geologist and a mean of fostering their cooperation.

In the past, geological considerations {requently have been featured prominently in the
study and discussion of failures of civil engineering works. In fact, to some engineers,
geology may still be thought of as merely a scientific aid to the correct determination of the
reasons for some of the major troubles that develop during or subsequent to construction
operations. Although the assistance rendered by geologists and by the study of geological
features in such “ postmortem” considerations is valuable, the very fact that the geological
features may have had something to do with these {ailures suggests with abundant clarity
that the best time to consult a geologist or study geological features is before design and
construction begin. In this way, the science can serve the art in a constructive rather than
merely a pathological manner. It will later be seen, as applications of geology are consi-

dered in some detail, that this constructive service of the science can not only prevent pos-
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sible future troubles, but it can also suggest new solutions to engineering problems and
can often reveal information of utility and economic value, even in preliminary work.

The more obvious effects of geological features on major civil engineering works may
be seen in the underground railway services in London and New York. In London,
because the city is built on a great basin of unconsolidated material (including the well-
known London clay), tube railways, located far below ground level and built in clay that
was easily and economically excavated, have provided an admirable solution to one part of
the city’s transportation problems, In New York, on the other hand, the surface of Man-
hattan Island on which the city is located is underlain to a considerable extent to Manhat-
tan schist. Underground railways had to be constructed in carefully excavated rock cuts
just below surface level, as innocent visitors to that great city learn if they happen to stand
on a ventilation grating when a train passes in the subway below. Many similar instances
of the profound effect of local geological characteristics upon major civil engineering works
could be cited, but all would serve to emphasize the same point; how closely the science of
art are related and how dependent civil engineering work generally must be upon geology.

There is today increasing concern over the conservation of the natural environment,
especially in relation to construction projects. Environmental impact statements are now
often mandatory before construction can be started. The preparation of these important
documents must start with a consideration of geology, since geological factors very largely
determine the natural environment. Construction operation will inevitable disturb local
geological formations and so affect the environment. With sound design, environmental
conditions can be restored when construction is complete, In some cases, they are even im-
proved from what they were before work started, yet this restoration must be assured be-

fore the necessary permits are granted.

Training in Geology

Geological training for civil engineers must be general; it must provide the student
with a good grasp of principles and of the interrelation of various branches of geology. At-
tention has to be concentrated on the branches of geology which are of special importance
in civil engineering practice— physical geology , structural geology, and petrology. Study
of geologic maps and sections and examination of thin sections of rocks under the petrolo-
gical microscope give special emphasis to lectures.

Field experience is of fundamental importance in all training. No course in geology for

civil engineers can be regarded as complete without a reasonable period of time spent on



Lesson 1 The Civil Engineer and Geology 3

geologic observation and survey. Local conditions will dictate how fieldwork will be
arranged, but a continuous period of one or two weeks spent in a suitable locality will
usually be more effective than any number of shorter periods fitted into a regular schedule.

The second part of geological training for civil engineers should be a study of geolo-
gical lessons learned in actual engineering practice. The average students will have little
experience with ehgineered construction. Courses on foundation engineering and con-

struction methods present excellent opportunities for geologic lessons.

Conclusion

Geology has a vital part to play in all engineering operations which interact in any way
with the ground, and thus the science is critical to the entire field of civil engineering.

Field geology is based entirely on such powers of observation, coupled with the ability
to deduce the presence and orientation of three-dimensional geologic structures {rom
surface features. The civil engineer is trained to think in terms of three dimensions in
relation to structural design; equally ifnportant, if not more so, is the corresponding
ability to visualize the special character of subsurface geologic conditions. Equally impor-
tant is a full appreciation of the importance of water in rock and scil. Most engineers will
have occasion to observe the remarkably diverse effects of water on many solid materials
and especially on soils. Dry soils cause little trouble; wet soils can cause havoc on a job.
Therefore, the civil engineer must not only learn to visualize subsurface conditions in spa-
tial terms but must always realize added complications that the presence of varying
amounts of groundwater may cause.

These concepts are basic to a {ull appreciation of the role that geology can and must
play in design and construction of civil engineering works. The proper use of geology as
the starting point of all civil engineering achievement will become ever more important
with the passing years and the gradual utilization of more favorable site. Despite all the
pressures that will come to bear on them through advancing technology and mounting
demands, civil engineers should always remember the words of Francis Bacon, written as
the modern world began to emerge:

Nature, to be commanded, must be obeyed.

[

civil engineer + K T A2 crust HuE
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1. Z&FN

(1> Geology has a vital part to play in all engineering operations which interact in any
way with the ground, and thus the science is critical to the entire field of civil engineering.

(2) Environmental impact statements are now often mandatory before construction
can be started.

(3) In London, because the city is built on a great basin of unconsolidated materia}
(including the well-known London clay), tube railways, located far below ground level
and built in clay that was easily and economically excavated, have provided an admirable
solution to one part of the city’s transportation problems.

(4) Courses on foundation engineering and construction methods present excellent
opportunities for geologic lessons.

(5) Every branch of civil engineering deals in some way with the surface of the earth,

since the works designed by civil engineer are supported by or located in some part of the

earth’s crust,.
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2. WiEE

(1 #FEERBIEREMEEHRTS.

(2) EARTREBIMAERITZ RS BRI TENEE
(3) WE T 7 RA BB T b iy TR BT &4

IS

Tl EIFEEM AR

TV HESEREEML, BFEMEZL. BAFVEESTIWHIREFERR, K
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1. ELFEEFEEFS

A EAET LREERENEGE. HEEREREEREER, EFEEMLy
Pl MG AR A AR, 3Rk B SRR I AT 19181 .

[#]%] 1] Civil engineering offers a particular challenge because almost every structure
or system that is designed and built by civil engineers is unique. One structure rarely
duplicates another exactly.

B EARTREEIRSFFRAPE, HAE AR TEMTITEENE N EHRERER
M. —MEHILFARZREER A1

LA FENAFREEEELST, AXESAR AN, EE. FiE. PEANER
%, EARWMBEENATRT , ESMITREREE, S 0ZEGMER, EHAHR
BRE AR,

[#4] 2] The yield criterion for a material is a mathematical description of the combi-
nations of stresses which would cause yield of the material. In other words, it is a relation-
ship between applied stresses and strength.

B3 BORHE IR MEN S BR SRR IR R T A& Mg REX, 852, BF
RMERM T S5REZERXER.

F5hs BFWIOERFEE™E. SLEEM . XRSH. ATFER,

{#]4] 3] Discontinuities affect not only the application of rock mechanics theory but
they will, in most cases, lead to problems with water. Some discontinuities show tight
contacts between their surfaces, but most surfaces will be open to some degree, they will

permit entry of rainwater,

PEIC: G5HE ORESLED NMERWEAI¥MNA, KEBELT ., SWEEHK
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2. BAHEREZES

LN HEZHAREREY . ARHINHE. X —FRRETRHEARERE R CTER
FAZ LANHER 1) T R R B A X R R AU . BIR PR Brs sl R . FEik, %l
KIEEEEREARYIETHTERPGE.

[#4] 4] It should be emphasized that underground exploratory work must always be
considered supplementary to and conditioned by previous studies of local geologic struc-
ture.

PESC s RLIZEE IR B 2 b T BR85S A N RSB RTR I s JR A E B M #h 7
H s B .

B TFElREAFRME, ke TEARHEEITA, B, #ahEgSERTLRETH
EEE R

[/ 51 Before the construction of a bridge is undertaken, for example , a statistical
study is made of the amount of traffic the bridge will be expected to handle.

PEIC: i, ESFREEZN, X THRKZGHEBEESS IR

T HIEP KEFEAAER. 181, 997, SFEATEI TIEOTFRERRES.

[#i%] 6] The total weight being less, it is possible zo build much taller buildings.

BX: RERER, AHAURBEEERNENR.

[#i4) 7] Consequently, the detailed estimate is often used as the budget estimate
since it is sufficient definitive to reflect the project scope and is available long before the
engineer’s estimate.

M CEE R R THE, FERERTRE AR, HiiE
THEWMELEH S AERE.

TSRS T A XA T % R assume that. . . , suppose that, .. ZE3r{iE
KERE TR

[ft4%] 8 Suppose that safety factor of the slope is 1. 5, internal friction angle of the
soil is 25°,

B BENENEEREE 1.5, TMHNEEAL 25,

FEEZET, FMAZHTEERR, BiRatrMAXNESD, EEFHANE i 5]
SRR,

[#%] 9 The huge investment in the infrastructure will be erased quickly if proper

maintenance and rehabilitation procedures are enforced and funded.
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B3 MR SEASFPABE N RELUYTEIICHE, BT DUREE R A T R R
BEXEHE.

LA RIEPRARE, H-RUREEEW. ERREL. S, T 0B
REF AT HIUE., FFRmTE, B8™%, —<M.

[{#]4] 10Y Using computers, structural engineers determine the forces a structure
must resist, its own weight, wind and hurricane {forces, temperature changes that expand
or contract construction materials and earthquakes.

P30 S5 TRITA AT S E S ARSI S, BN A SR EE JXUJ 5
FRIRT . IREEARLS B R Y B ik B 4 LA B 7R

3. HFAEIERICASS

HEEFEIGERCETE D, AR —XEZAMRARIEHLEHE, 1 get, do, take,
have , make M ZMHEHEM YA . MENIEP, THELVCHAXEE-HE, &
FRFEHUIBE XL, ERTRUIGEM™ENE., TUREMIEEK, HXHsEe—.
#ill permeability (BFHEH) . “

B{NEWEE —-ESRENETWIFNCAAE, 2l rELEL—RE=38. B
BRAEWIRNL, GEViECAEREAD, RAE-MEEX, FEELEZREFES
H3k. 0 T-beam (T #), fireproof brick (fiph:k#%), prestressed concrete (iR f11R%EE
1), reversed fold (RIFE¥E5 %,

FEORBEEWIAL, EREBBEES N TUWEAYN, EARMELTRE RN E
S, 4 foundation (BERf. & . £, B . “fault” —ia), FFERGAHFHE LR
“lRA, BREA; BT AR, IBEE, B URT; EURTHEE B, RHa;
AEEFTEE “RRERAERKIR”.

F=EREF N, ﬁ?@ﬂ([%?“&ﬂ?%]k% hEAAZ, HA™EETIELRIL
BEMER AL, W application (REFR. A&, 1ER. BES.

TP IE BB E RN, FiRE RN EE S ERAE XK. :%JuH’Jﬂl":“—'F?
WHHA . LA, BEA>E. shial-&E. BARA-Z1W%E. XEARME
W, —FRAEGAUEAFRAYS —MERE; J—MEEFECPHERRT —MiH
H. PFln. standard (n. $p#E) —standardize (v. Br#E{L); former (adj. BIEAY) —the
former (n. A7E); wide (adj. FRH)) —>widen (v. IITE).

Y FE P BA G EZIRICE FANER, MFEE. R TE. EELE. AEREH
WHEEDERY, H0. economical, immigrate, foreword %, AN FRELTH M
B s+ A TH4ME,, 0. hydraulics. infrastructure, reliability, specification, {4t
it, BURABIEZES, F50% U ERIAICIE THBIE. R ESAKRIE, MXshkiE
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LB — D RS ZE AR (IERTER prefix MFH suffix) AR, H
& M E R — SR FIARE B T KA .

BN, LRV EEFHERERELR Y E (abbreviation) . ¥ 242 (mathematical
symbol) FHEFEIXA (expression),

ERIBEMRE L e, ¥ ¥ B —sL il RE. YHEE. BUNESRE
L. FARBE . BRI RSCERE FFR. BI4n.

Fig. (figured) H, E4¥;

Eq. (equation) F7#;

m/s (meter/second) X /%

in. Cinch) F-f;

Eng. (engineering) T #2, master of Eng. T3 +;

Le. (FITIE id est) g, BI;

etc. (hIT1E et cetera) &2,

Psi. (pounds per square inch) &%/ 3~} ;

QC (quality control) FRE&4%;

CAD (Computer Aided Design) & HL5EBI%T;

ASCE (American Society of Civil Engineers) £E+ K TIREIF¥4;

FIDIC (International Federation of Consulting Engineers) HER% i LIRSS

EI (Engineering Index) () T #%&3|.

4. TAFEHEHSAE

LLERWEGEREE S . BRI SR T S SGBEN R, Eit—F, BFE
TR BB I R E L EHAHE, THREBSEESEAPHZEBELR,
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Lesson 2

Earth and Its Structure

The earth is not a rigid and static body, but is in a continual state of change, both
inside and on the surface, Forces are acting to create new rock material and on the surface
other forces are destroying the rock which has been formed in the past. The product of
these destructive processes is known as soil, itself a new form of the material, so the
forces of destruction may also be thought of as constructive forces. The word soil in
geotechnical engineering means any unconsolidated material in the ground and is not used
in the same sense as that used in pedologists who study soil as a life-supporting material.
The age of the Earth is at present believed to be at least 4 600 million years.

The interior of the Earth is believed to be built of concentric shells of rock material,
named the crust and mantle, which surround a central core. Movement of material within
the Earth is believed to be the cause of some of the surface processes which we experience.
This movement may be the last phases of the turbulence associated with the creation of the
planets in the solar system.

The average speci [ic gravity of the Earth as determined by mathematics of planetary
motion is 5. 5, but the specific gravity of the rock found on the surface is only about half
this value, 2. 7. Therefore the interior must be denser. The evidence for the existence of a
structure consisting of distinct shells of shells of different specific gravities come {rom
measurements on the rates at which shock waves from earthquakes travel through the
Earth. There are different types of waves and the move in complicated paths through the
interior. Results obtained from the study of these waves (seismology) have shown that
there are relatively rapid changes in specific gravity at depths of 35 700, and 2 900 km.
These changes are called discontinuities by geophysicists; this word is also used in
geotechnics, but is a dilferent sense, to indicate fractures and open spaces within rocks.
These relatively rapid changes in specific gravity caused earthquakes waves to be reflected
and refracted; the subsequent paths followed by the waves can be detected and their study
forms the basis of our knowledge of the interior of the Earth. Geotechnical exploration

methods can determine the specific gravities of the rock below the surface as part of a site
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investigation program to predict the behavior of the rock below a construction site.

The study of the continents, their structure and histories, have led geologists to
believe that the continents and oceans are not permanently fixed in position but are moving
extremely slowly across the surface of the Earth, a process known as continental drif:.
The ocean beds are not permanent. The evidence for this belief is that studies of the ages
of rocks dredged from ocean beds show that the youngest rocks tend to be found in a
world-encircling mid-ocean ridge system in the North and South Atlantic Oceans, Pacific
Ocean, and between the Indian Ocean and Antarctica. The rocks further away {rom ridges
are older than those within the ridges, from which it*is inferred that rock is rising and
being pushed sideways as more comes to the surface from the mantle. To maintain balance
in the shape of the Earth there must be regions where rocks are descending into the man-
tle. Thus the ocean bed is slowly expanding outwards and this process is known as ocean-
floor spreading .

Rock material is therefore continually moving and during this movement undergoes
changes. The movements which form mountains are not continuous constant rate proces-
ses, but occur at irregular time intervals. Stresses build up in the rock and cause deforma-
tion and increase in strain energy. When the rock reaches the elastic limit a fracture occurs
and there is a sudden release of energy in the form of earthquake waves. The fracture in
the rock is called a fault. The movement during a single earthquake may be of a centime-
ter, but in a severe earthquake it may be as much as a meter.

All these processes of rock formation, movement and decay have caused rock found at
the surface Coutcrop) to consist of many different types and to have definite physical pro-
perties. The important properties are specific gravity, permeability, strength, compressi-
bility, and state of weathering. The last is very important because the other properties are
dependent on it. Measurements of these properties are made at proposed construction sites
(in situ tests), and on samples taken to a geotechnical laboratory, in the hope that the

mechanical behavior of the rock or soil can be predicted and suitable construction designs

made. -

1 Weathering and decay of the Earth’s surface

The natural tendency of rock near the surface to break into small pieces causes it to
have a greater surface area per unit volume, and water can enter the discontinuities. In
humid climates this accelerates the rate of decomposition of rock at the surface. Weathe-

ring in humid climates is chiefly a chemical process. Rainwater is very slightly acid because
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of dissolved carbon dioxide {from the atmosphere; plants emit carbon dioxide from their
roots, which also manufacture humic acids, and the interaction of these with rock releases
solutions of plant nutrients, phosphorous, potassium, calcium, and trace elements, that
are necessary to the plants. Water acts as solvent in these processes by which plants
decompose rocks and break them down into soil. The removal of these elements from the
body of the rock leaves very small spaces into which water enters and the decay process
accelerates. The rock first becomes porous, and then breaks into small pieces which
become progressively smaller as the rock is changed into soil. The chemical processes are
complex and depend on the various minerals of which the rock is composed. Silica (SiO;)
in the form of the mineral quartz is stable in temperate climates, but in equatorial climates
the high temperatures help it to decompose. Minerals that contain iron decompose to form
iron hydroxides, which give the rock a brown color, an indicator of weathering when
fresh, unaffected rock is not naturally brown. Plant roots enlarge discontinuities by forcing the
rock surfaces apart, helping the weathering process.

Wind forces may be strong enough to blow away pieces of rocks that have become
loose because other weathering processes. The greatest wind erosion effects are seen in dry
climates where the wind can blow strongly enough to carry with it tiny pieces of rock,
grains of sand or dust. This has an abrasive effect, sand blasting, which carries away large
quantities of rock as more dust. Wind erosion produces some spectacular rock shapes in
desert climates, for example, Monument Valley in the United States of America.

The total effect of all these processes is to build up a mass of loose rock material
above a more solid body of rock below (bedrock). The boundary between the two different
masses is called rockhead. The top layer is called the weathered or superficial zone, or
overburden. The depth of the weathered zone may be very important in construction

works.

2 Earth history

The history of the Earth goes back over a very long period of time, of the order of
thousand of millions of years, and during that time certain events occurred which left their
mark on the structure of the upper parts of the crust, which we see today. This structure
includes the present-day distribution of continents, mountains, relics of old mountains
that have been worn down by erosion, unconformities, and the record of the evolution and

extinction of certain forms of animal life preserved in the rocks as fossils.

3 Geological period and time scale
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Geologists divide Earth history into eras, divisions of which are known as periods.
The names used for the periods are based on names {or rocks, place or area names, and the
kinds of fossils found in the rocks. The sequence of all the evolutionary stages in life, and
the sequence of rocks formation has been compiled by geologists working over more than a
hundred years in all parts of the world, firstly in Europe, then in North America, and the
other continents. The internationally recognized periods are given in the form of vertical
sequence, the geological column, with the oldest rocks at the bottom. This is the
standard way of presenting rock formation. This column can be compared with a core of
rocks extracted from a borehole, where the earliest formed rocks are lower down, and the
more recently formed rocks are above the older. It is possible during Earth disturbance for
whole sequences of rock groups to be turned over and inverted, so it is not an invariable rule that
the rock at the bottom of a borehole is older than the rock at the top. The geological column is a

model of Earth history in terms of rock groups, which are known as formations,

Table 2-1 Geological period and time scale

Era Period Age/Ma
Recent
uaternar .
Q Y Pleistocene 2
Pliocene
Cainozoic Miocene
Tertiary Oligocene
Eocene
Paleocene 66
Cretaceous
Mesozoic Jurassic
Triassic 226
Permian
Carboniferous
. Devonian
Paleozoic o
Silurian
Ordovician
Cambrian 570

Study of Earth movements or disturbances, uplift of mountains, or intrusions of great
masses of igneous rock under them, shows that the intensities ol these movements build up
to peaks and then decay and disappear, leaving mountain ranges and relics of volcanoes
which are then eroded down to sea level. The geological column given here states the
approximate ages of the time boundaries between the periods. The eras are known as Pre-

Cambrian, Paleozoic {ancient life), Mesozoic (medium life) and Cainozoic (recent life),



