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Part One Civil Engineering Specialty

Lesson One Durability of Concrete

Besides its ability to sustain loads, concrete is also required to be durable. The dura-
bility of concrete can be defined as its resistance to deterioration resulting from external
and internal causes. The external causes include the effects of environmental and service
conditions to which concrete is subjected, such as weathering, chemical actions and
wear. The internal causes are the effects of salts, particularly chlorides and sulphates, in
the constituent materials, interaction between the constituent materials, such as alkali -
aggregate reaction, volume changes and absorption permeability.

In order to produce a durable concrete, care should be taken to select suitable constit-
uent materials. It is also important that the mix contains adequate quantities of materials in

proportions suitable for producing a homogeneous and fully compacted concrete mass.

Weathering

Deterioration of concrete by weathering is usually brought about by the disruptive ac-
tion of alternate freezing and thawing of free water within the concrete and expansion and
contraction of the concrete. Under restraint, resulting from variations in temperature and
alternate wetting and drying.

Damage to concrete from freezing and thawing arises from the expansion of pore water
during freezing; in a condition of restraint, if repeated a sufficient number of times, this
results in the development of hydraulic pressure capable of disrupting concrete. Road kerbs
and slabs, dams and reservoirs are very susceptible to frost action.

The resistance of concrete to freezing and thawing can be improved by increasing its
impermeability. This can be achieved by using a mix with the lowest possible water — ce-
ment ratio compatible with sufficient workability for placing and compacting into a homo-
geneous mass. Durability can be further improved by using air — entrainment, an air con-
tent of 3 to 6 per cent of the volume of concrete normally being adequate for most applica-
tions. The use of air — entrained concrete is particularly useful for roads where salts are

used for deicing.
Chemical Attack

In general, concrete has a low resistance to chemical attack. There are 'several chemi-
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cal agents that react with concrete but the most common forms of attack are those associat-
ed with leaching, carbonation, chlorides and sulphates. Chemical agents essentially react
with certain compounds of the hardened cement paste and the resistance of concrete to
chemical attack therefore can be affected by the type of cement used. The resistance to

chemical attack improves with increased impermeability.
Wear

The main causes of wear of concrete are the cavitation effects of fast - moving water,
abrasive material in water, wind blasting and attrition and impact of traffic. Certain condi-
tions of hydraulic flow result in the formation of cavities between the flowing water and
the concrete surface. These cavities are usually filled with water vapour charged with ex-
traordinarily high energy and repeated contact with the concrete surface results in the for-
mation of pits and holes, known as cavitation erosion.

Since even a good — quality concrete will not be able to resist this kind of deteriora-
tion, the best remedy is therefore the elimination of cavitation by producing smooth hy-
draulic flow. Where necessary, the critical areas may be lined with materials having grea-
ter resistance to cavitation erosion.

In general, the resistance of concrete to erosion and abrasion increases with increase

in strength. The use of a hard and tough aggregate tends to improve concrete resistance to

wear.
Alkali — Aggregate Reactions

Certain natural aggregates react chemically with the alkalis present in Portland ce-
ment. When this happens these aggregates expand or swell resulting in cracking and disin-

tegration of concrete.
Volume Changes

Principal factors responsible for volume changes are the chemical combination of water
and cement and the subsequent drying of concrete, variations in temperature and alternate
wetting and drying. When a change in volume is resisted by internal or external forces this
can produce cracking, the greater the imposed restraint, the more severe the crack-
ing. The presence of cracks in concrete reduces its resistance to the action of leaching, cor-
rosion of reinforcement, attack by sulphates and other chemicals, alkali —aggregate reac-
tion and freezing and thawing, all of which may lead to disruption of concrete. Severe
cracking can lead to complete disintegration of the concrete surface particularly when this
is accompanied by alternate expansion and contraction.

Volume changes can be minimised by using suitable constituent materials and mix pro-

portions having due regard to the size of structure. Adequate moist curing is also essential
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to minimise the effects of any volume changes.

Permeability and Absorption

Permeability refers to the ease with which water can pass through concrete. This
should not be confused with the absorption property of concrete and the two are not neces-
sarily related. Absorption may be defined as the ability of concrete to draw water into its
voids. Low permeability is an important requirement for hydraulic structures and in some
cases water — tightness of concrete may be considered to be more significant than strength
although, other conditions being equal, concrete of low permeability will also be strong
and durable. A concrete which readily absorbs water is susceptible to deterioration.

Concrete is inherently a porous material. This arises from the use of water in excess of
that required for the purpose of hydration in order to make the mix sufficiently workable
and the difficulty of completely removing all the air from the concrete during compaction. If
the voids are interconnected, concrete becomes pervious, although with normal care con-
crete is sufficiently impermeable for most purposes. Concrete of low permeability can be
obtained by suitable selection of its constituent materials and their proportions followed by
careful placing, compaction and curing. In general, for a fully compacted concrete, the
permeability decreases with decreasing water — cement ratio. Permeability is affected by
both the fineness and the chemical composition of cement. Coarse cements tend to produce
pastes with relatively high porosity. Aggregates of low porosity are preferable when con-
crete with a low permeability is required. Segregation of the constituent materials during

placing can adversely affect the impermeability of concrete.

Words and Expressions

1. sustain [so'stein] wvt. X, &#H

2. deterioration [ditisria'reifon] 7. XAk Bk BEIE

3. external [ik'stomal] a. SNERE; REH

4. internal [in'temal] a. WEH; NEKRN; BRK

5. chloride [ 'klorraid] n. ik

6. sulphate [ 'salfeit] n. MBRL; BiRRER

7. interaction [intor'sek[on] n. MEAER, HEEmN

8. permeability [ paimia'biliti] 7. BEMN; BREE, FREAK

9. homogeneous [homa'd3zi:niss] a. HEK, FHEERA, S£mEER

10. disruptive [dis'raptiv] a. BEIRER; RER

11. hydraulic [hai'droilik] a. WEH ; KIB; KIT2%ER

12. kerb [keob] n. BB A, B

13. impermeability [impa:mia'bilsti] 7. ABEN; ABELIH;:; FEBENHERK
RE



14.
15.
16.
L
18.
19.
20.
21.
22.
23.
24.
25.
26.
217.
28.
29.
30.
31.
32.

compatible [ kom'peetabl] a.

deicing [di:'aisig] 7.
leaching ['litfin] n.

carbonation [ ka:ba'neifon] n.

compound [ 'kompaund] 7.
cavitation [keevi'teifon] n.
abrasive [ o'breisiv] a.
remedy [ 'remidi] 7.

abrasion [a'breizen] 7.

disintegration [disinti'greifon] n.

severe [si'via] a.
moist [ moist ] a.

voids [voidz] .
porous [ 'poirss] a.
workable [ 'watkabl] n.

fineness [ 'fainnis] n.

segregation [segri'geifon] 7.

alkali — aggregate

air — entrained concrete
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Lesson Two . Steel Structures

Multi — story Buildings

Multi — story buildings are buildings of several floors in which the floor height remains
more or less constant as you proceed upwards, and in which this height is usually no more
than 3 — 4m. Thus, multi — storied buildings are office buildings, residential buildings,
etc. , anywhere from two floors high to high rises. Structurally, the approach to such
buildings is frequently a question of studying column/beam systems with regard to column
distances and placement, shaping and dimensioning of steel sections, and principles for
placing the bracing system. The higher the building, the more important and more domi-
nant a factor will be the bracing system.

One of the advantages of a steel skeleton is that long beam spans can be combined
with small column sections. Moreover, the low weight of the structure itself provides a
more accessible loading capacity. By its openness, the structure also allows for simple,
straightforward installations. When it comes to construction, a steel skeleton, or steel
frame, is highly prefabricated and therefore, short on construction time, a feature that
also positively affects the economics of the given building project. Another advantage is
that steel can be produced with very small dimensional tolerances, guaranteeing a high
precision building that, for example, will facilitate the fitting of the facade. The steel
frame is also flexible in the sense that it can be changed according to its application. Such
an adaptation prolongs the life of a steel building, and in the event of future razing, the
steel structure can be easily dismantled and the steel reused.

The vertical load in a steel structure is transported through the columns down to the
foundation. The most suitable structural layout for a steel frame is a square or rectangular
orthogonal grid. The rectangular bay may often be the most economical solution because
the decking then usually spans only in one direction. The columns are placed in the grid’s
points of intersection.

A bearing system often consists of continuous columns and beams spanning between
the columns. The system has simple details and few elements. What is more, its assembly
is easy and the column - to — column distance often fits the standard section lengths. In
most instances, the bearing elements are not pure steel structures. The floor slabs are
generally done in concrete, either as precast floor slabs, such as spancrete, or as precast
concrete formwork that require additional insitu concrete. The use of corrugated steel

sheets as permanent formwork for a concrete deck is also common. In addition to the verti-
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cal load, the deck also bears the horizontal wind loads, and has the task of transferring
them from the facades to the building’s bracing system. The bracing system, in turn,
transfers the loads downward. Frequently, a bracing system in steel is preferable to, for
example, concrete slabs in stairwells. Steel angles are generally used as wind braces, ei-
ther alone or joined, with screwed or welded connections. The steel weight per square me-
ter/foot of floor area is an important economic factor in a bearing system. For example,
the weight of the steel for a 4 — 6 — story steel — frame office building is on the order of 20 -
25kg/m?. Although the material costs make up only about one — third of the cost of the
completed steel structure in a building, and the total bearing system only constitutes 6 %—
10% of the total construction cost, it is good practice to strive for economical use of mate-
rials, and for simple, functional and, above all, production - friendly details.

The most common column sections are the W — shaped sections and several shapes of
joined sections. In multi — storied buildings, the slenderness ratio of columns is not an im-
portant factor because we can expect lateral support from each floor deck. Thus, the steel
stiffness is effective with slender column sections. In general, hollow sections have a lower
steel weight than W — shapes, but the material cost is higher.

As beams, S (I -beams) are most common. The easiest approach is to lay the floor
deck on top of the I — beams and to avoid underlying beams. This solution is best for divid-
ing walls or outer walls that must hide the beams. W and M — shapes are also used, and C
or MC - shapes are used where the floor deck comes only from one side. Inside, it may be
advantageous to build the beams into the floor deck and weld. T - shapes are commonly

used.
Long - span Structures

Steel is especially well — suited for building types requiring moderate to very large col-
umn — free space. It has the greatest strength per unit area of any material and a favorable
relationship between strength and weight, making it possible to construct buildings with
large spans not only economically, but also with a visually light, elegant appearance.

This section features buildings that demonstrate steel’s potential for long spans, be-
ginning with a brief overview of the purest structural systems for horizontal loadbearing.

Let us consider large halls, i.e., single - story buildings with large, free spans that
are not braced by intermediate elements or interior walls. Therefore, it is the horizontal
structure that is of greatest interest to us, especially when it comes to frames and connec-
tions between horizontal and vertical bearing elements. In this type of building, the figure
of the structural system complements the building’s total form. Thus the relationship of
structure to form is especially obvious in this type of architecture. This means that all
structural choices take on a design significance, and vice versa, and that the design of de-

tails and individual elements takes on special importance.
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Many researches show the rules of thumb which are suggested for the relationship be-
tween structural height and related span. The suggested factors must be regarded as a kind
of more lenient load that is evenly distributed. For more complex load situations and bigger
loads, the stated factors may be deceptive. In any case, the rules of thumb are only for
help in the early stages of the design process. Keep in mind that they can never replace sta-
tistical calculations. In order to increase the span while keeping the dimension of the steel
beam at a minimum, the beam can be supported at one or several places along the span,
thereby forming a trussed beam. The posts set — in under the beam become compression
members, united by a continuous tension member that is either a wire or a thin steel mem-
ber. With such a structural approach, the beam must be dimensioned to withstand com-
pression loads in addition to bending.

Greater load — bearing capacity and an increase in span can be achieved with the use of
trussed structures. The truss can be planar or spatial, and is formed by staves joined in
rigid triangles. Compared to pure beam construction, trussed structures are visually light-
er and of greater bearing capacity, but require a deeper section.

If the architectural plan allows, additional supports can be located in a square or rec-
tangular grid in which the difference between the sides is not greater than 1 : 1. 5. In this
case a two — way structure of beams might be suitable. For maximum rigidity, it is advan-
tageous to make the orthogonal joints moment — connections. If the beams have a cross —
section that works well against torsion, as in rectangular sections, the two — way system
will have great load — bearing capacity.

The same grid construction can be done with crossing trusses. If the trusses in this
type of system are closely spaced, running in the same direction, and interconnected in
the other direction with additional steel members, then we have a spatial system called a
space frame. Space frames have a large two — way loadbearing capacity and are extremely
light — weight.

Used in situation with individual column support, all these types of horizontal struc-
tural systems require separate bracing systems. In principle, this can be achieved in a steel
building with cross bracing. The bracing system must respond to compression and suction
forces along the two main plan directions, and must be placed in such a way that the
braced wall areas do not have a common point of intersection. In practice, this means that
at least three different column areas must be braced.

When using frame construction, bracing for horizontal loads can be taken care of by
the main structural system itself. Structural frames are designed for lateral bracing, which
is achieved by the joint action between the horizontal and vertical members. If a corner can
be made a moment connection, so that it will not change its angle under load, the struc-
ture will also be able to withstand lateral loads in its own plane. A structural frame can

have a maximum of three connections that are not moment connections —in other words, it
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can only have three pin connections. Like with beams and columns, the frame can also be
made of trusses.

The arched structure with three pin connections has the same capacity for lateral sta-
bility that a frame has. The arch will function structurally only when its endpoints are pre-
vented from being displaced outward. The arch can consist of steel sections or be made up
of individual steel staves. An arch carries its load when compression forces are generated in
its cross — section to a greater or lesser degree, depending on how close the shape of the
arch matches the compression curve of the load in question. Normally there will be bending
moments in the arch in addition to compression forces.

Thus, frames and arches have the capacity of withstanding lateral forces acting on
their own plane. To withstand lateral forces acting on the direction perpendicular to the
structure’s plane, several frames or arches in a series must be braced among themselves.

Arches and frames can be juxtaposed to form spatial structural systems such as cupo-
las or structural grids of frames. A suspended steel cable is a kind of reverse or up — side —
down arch that can only withstand tension stresses. While the arch will tend to splay its
endpoints, the endpoints for the cable will tend to be drawn in toward one another. This
can be counteracted, for example, by using a combination of columns and backstays. The
use of backstays can also provide lateral bracing in such cable structures.

A fundamental problem with the use of cable structures is the cables pliancy, which
causes the cable to change shape every time the load changes. To avoid this, the cable
must be stiffened either by increasing the loads on the cable through pretensioning, or by
constructing an inverted bowstring truss. The principle here is that the suspended main ca-
ble is connected to another cable of opposing curvature. This secondary cable is preten-
sioned and transfers the resultant force to the main cable putting it under tension. The sys-
tem will then become rigid along its own plane. Cable trusses can also be grouped together
to form multi — bay spatial structures.

Another method of bracing a cable roof is by using double — curved structures. One set
of cables is suspended in one direction, while another pretensioned set arches in the oppo-

site direction and holds the main cables taut.

Words and Expressions

1. dimensioning [di'menfenig] . RobheiE, B8R

2. openness [ 'supsnnis ] 7. BHEX, AT, i, =9
3. prefabricate [ 'pri:'feebrikeit ] wz. WicEEHE

4. prolong [ pra'log] wt. K, P, HIE

5. raze [reiz] wt. 2, FHAFHb

6. dismantle [dis'meentl] wvz. I, FE; KK, BUE
7. orthogonal [o:'8ogenl] a. HAK, HXH
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8. intersection [inta'sekfon] =.

9. precast [ pri:'ka:st] wv.

10.
1.1
12:
13.
14.

15.

16.

17
18.
19.
20.
21.

22.
23.
24.
25,
26.
217.
28.
29.
30.
31.
32.

a.
formwork [ 'fomwak] 7.
stairwell [ 'steowel | n.
weld [weld] v.
stiffness [ 'stifnis] =.
hollow [ 'holou] a.
n.
moderate [ 'moderit] a.
.
complement [ 'komplimant | wt.
n.
deceptive [di'septiv] a.
stave [steiv] n.
orthogonal [o:'@genl] a.
torsion [ 'to:fon] n.

spatial [ 'speifal] a.

juxtapose [ dzakste'pauz] wt.
cupolas [ 'kjuipalez] n.
counteract [ kaunto'reekt | wt.
backstay [ 'baekstei] 7.

pliancy [ 'plaiensi] 7.
pretensioning [ 'pri:'tenfenip] n.
taut [:to:t:] a.

corrugated steel sheet

trussed structure

two — way system

bowstring truss

ZX; +FBO; ZE; XK
G, Wk

BB FER, HH e

B, B, XE

Bt

B n SR, B4

WERE; WIEE

=W, ZWRE, MER

w4, W, i

EER, BMK, PEH
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AR, ERBEE, EAEHN
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HAK, EXK
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Lesson Three Bridge Structures

Birth of Bridges

The first man — made bridge was probably a tree trunk or flat stone laid across a
stream. No doubt it was made many thousands of years before the birth of Christ. Even be-
fore that, primitive man must have wondered at natural arches such as the Pont d’Arc at
Ardeche that has a span of 194 feet rising 111 feet over the river. But ages would have pas-
sed before some pioneer jammed two stones together like an inverted “V” across a narrow
brook and so built the first arch bridge.

According to Degrand, the earliest bridge on record is that built on the Nile by
Menes, the first King of the Egyptians, about 2650 B. C. ; but no details are forthcom-
ing. A detailed description of another bridge built about five centuries later is given by Di-
odorus Siculus - the fabulous bridge built by Semiramis, Queen of Babylon, over the Eu-
phrates. Herodotus ascribes this bridge to Queen Nitocris who ruled five generations lat-
er. First the river was diverted well above the city into an artificial lake, so that the piers
of the bridge could be built in the dry in the river bed. The stones of the piers were bonded
together by iron bars soldered in with lead. The deck was of timber, cedar, cypress, and
palm, and was no less than 30 feet wide; part of it was removable and was taken up each
night to afford protection from robbers. When the bridge was finished, the river was
brought back into its original channel. So the record reads today; how much is true and
how much due to embellishment through the ages we shall never know; but there is no

doubt that a remarkable bridge was built 4,000 years ago in Babylon.
Bridge Types

We can only speculate on these beginnings. We see primitive suspension bridges made
of twisted creepers or lianas tied to tree trunks on either side of a gorge and spanning it
like a perilously hung cobweb. But when these bridges were evolved or which came first we
cannot say with certainty. We only know that the three types, beam or girder bridges
(typified by a tree trunk across a stream), arch bridges, and suspension bridges, have
been known and built from the earliest times of which we have any record. In their simplest
form, beam or girder bridges are called simple spans. If two or more are joined together
over the piers they become continuous, or they may be built to form cantilever
bridges. These, however, are only varieties of girder bridges and do not constitute a dif-

ferent type. The three types, girder, arch, and suspension, may be varied and combined

10



to assist each other in the same structure, and down the years materials of construction
have evolved from those ready to hand, such as timber and stone, to manufactured mate-

rials such as brick, concrete, iron, and steel.
Beam Bridges

A simple single — span bridge may be of steel (probably a plate girder), reinforced
concrete or prestressed concrete. In steel the maximum span for a simple beam bridge is u-
sually about 100 ft (although bridges with longer spans have been built) . When, howev-
er, the spans are large, a continuous girder is usually adopted. A plate — girder bridge in
Germany has a central span of 354 ft and side spans of 295 ft.

For spans between supporting piers above about 150 ft, the truss is often used and
the material is invariably steel. A bridge over the Ohio in Illinois, completed in 1917, has
a simply supported span of 720 ft.

The principle of the cantilever bridgeis with and without a suspended span. The piers
having been built, the bridge is built out from each pier, and the middle portion of the
bridge, called the suspended span, which is usually in one prefabricated unit, is then
placed in position. The bridge therefore consists of two anchored cantilevers supporting a
beam “suspended” from the ends of the cantilevers. The maximum bending moments and
shear forces occur at middle piers, and at these points the bridge is usually of greater
depth.

When spans are large, thus requiring a great depth of bridge, cantilever bridges are
usually constructed of steel trusses (trussed girders) . It is possible in this way to have
spans of up to about 1,800 ft between piers. Although this bridge may look like an arch, it
is in fact a double — cantilever trussed beam. It may be noted that in cantilever bridges the
greatest depth of truss occurs at the main piers because it is at these points that the grea-

test stresses occur.
Arch Bridges

In an arch bridge the arch is the main structural member and transmits the loads im-
posed on it to the abutments at the springing points. The part of the construction above the
arch ring, where the roadway or railway is at a higher level than the crown of the arch, is
called the spandrel.

Since steel and reinforced concrete are capable of taking tension, the arch rings can be
very much thinner than masonry construction. The braced spandrel bridge is usually con-
structed in steel, as it is also the bridge where the roadway is supported by hangers from
the structural arch.

Another type of arched bridge is the stiffened tied arch, which is often called a bow —

string girder. In an archery bow the string prevents the bow from flattening out. In a simi-
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