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A. READING SKILLS

Reading English for academic study or research can be divided into three types: (1) for
exploring information sources; (2) for general information; (3) for special information,
The following provides the types of reading skills as reference.

(1) Reading for information sources

This occurs when you widely explore the information sources you need. In this case,
the reading procedure may be:

Start by skimming the title and subtitles, and guess what the article or chapter tells,

Read the abstract if the article has one, and see whether or not there is any information
which interests you. , - _

If you would still like to know further general ideas of various sections or paragraphs,
read their topic sentences. .

A topic sentence tells main idea of a paragraph, It normally is the first sentence, but
sometimes the second or the last sentence of the paragraph.

(2) Reading for general information

This takes place after reading for the information sources as above, when need to ob-
tain general information—more details than subtitles and topic sentences, so as to gather in-
formation or procedure a new idea in your field bf interest. What follows is the strategies
reading for general information.

+ Incessantly read paragraph by paragraph to comprehend the main idea and sup-
porting details, but never analyze sentence by sentence. When you meet an unknown word
or word group, underline it, and to continue reading over the whole paragraph or article.

Always tryto understand the general idea of the paragraph. Train yourself to seize the
meaning of word group rather than a single word.

To understand a complicated sentence, you may look for its subjct and verb — grab
the key words.

» Guess vocabulary from the context, the constitution of the words and structure of
the sentence,

Guessing the sense of a word has many ways. They are briefed later,

If necessary, look up the still unfamiliar word group in your dictionary. Use an
English—English dictionary as much as possible.

+ Look and think to the back contents of the article. If the idea not yet clear in your
mind, then,
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« Read it second time. Quickly reading twice or thrice is more efficient to understand
the context than slowly reading one time, The fast, repeated reading is very efficient methnd
to raise your reading comprehension,

(3) Skimming for specific information

Supposing you are studying or researching about fatigue fracture of a element, you will
be interested in fracture and fatigue only. When you read a reference, you only need to first
skim or glance quickly over the pages of the text to search for the words * fracture”, “ fa-
tigue”, and other related words, symbols, signs, or figures, ignoring everything else.

B. HOW TO GUESS A WORD OR WORD GROUP

1. Use the meaning of the stems and affixes to guess.

The interpretations in this area are refered to other books related.

2. Use the basic structure (sub pct—verb—ob gct) of English sentences to guess the parts
of speech, genders, numbers, and cases of the unknown words or word groups.

In this“sentence”, for example, you may not know the three words (A, B, C):

A A ' B ——8 C s per week.

The basic structure of the English sentence tells you that A is a singular noun or noun
phrase by the article A and the —s on the end of B. It also tells you that B is 4 verb, not a
noun or noun phrase. Can you create a sentence in accordance with this pattern?,

. The same knowledge tells you that in this “sentence”:

The S ed,
h A B

Ais a plural ﬁéuri or noun phrése, and B is the past tense of a verb,

3. Guess vocabulary items from the context.

The context is the language preceding or following the item you do not know.

Consider this sentence:

Most animals have some method of protecting themselves from predators. The porcu-
pine, for example, can roll itself into a tight ball, its sharp spines discourage attack.

The reader may not know the words predators and porcupine, We can however, infer
that predators and porcupines all belong to the class of animals. Moreover, the predators at-
tack other animals, and the porcupine can roll itself into a ball to defend against an enemy,
Only understand these you can continue the reading, often not needing to know the exact
meanings of the two words and not obstructing understanding the sub pct of the section or
the whole article.
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Looking at another sentence:

Reading makes a full man; conference a ready man; writing an exactman,

Here the “writing” you may understand as a composition, -

But the following is: “+--and therefore, if a man writes little, he need have a great memo-
ry.” Here the word “ writes” means notes, that is to write a note as a record or reminder not
a composition.

. Example 3;

If an accent color is desired, use a high—chroma, deep—value color such-as red, violet,
or cocoa,

Here violet or cocoa may be an unknown word to you, but you must know red and col-
or, consequently you must know that violet or cocoa is some kind of accent color.,

You probably not know the word “ chroma” either. However, from the context and
punctuation you should know that chroma is a property of a color which is similar to value,

Summarizing the statement above, guessing and determining the tense of a word or
word group from context is a useful method of increasing the reading comprehension,

4, Recognizing a word chain

Writers often need to refer to the same thing several times, They may use different
words or expressions to do this, :

Consider the above two sentences, the words “ They” and “do this ” in the second sen-
tence refer to “ writers” and “ refer to the same thing several times” respectively in the first
sentence, We should recognize such relationships among words and word groups, and leam
to look for the common referents in word chain, For another example: ‘

A lioness ahd her cubs could be seen under a small tree, The'cats seemed unaware of
our presence. We watched for several minutes, thinking how beautiful the animals were,

In this paragraph we may not know the words lioness and cubs, but we can recognize
the lioness and her cubs are all a kind of cat and animals. '

The lioness and her cubs are specnf' ¢, the cats is general, and the animals is more gener-
al, These words constitute a word chain, Tdentifying a word chain is helpful to readmg com-
prehension,

(6)
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UNIT 1 STRUCTURES IN ARCHITECTURE

B. S. Benjamin

1.1 Introduction

1.2 Importance of structures to architects

1.3 Structural systems and the architectural design

1.4 Structure and loads -

1.5 Structure and materials of construction

1.6 Design of the structure
1.6.1 Load propagation through the structural system
1.6.2 Effect of load propagation on the material

1.7 Conclusion

1.1 INTRODUCTION

Architecture has many definitions, One may define it as an attempt to control the phys-
ical environment while providing for the needs of people. As practical expressions of this at-
tempt, architects design buildings of various types—houses, schools, hospitals, synagogues,
churches, offices, shopping centers, factories, etc. These practical expressions of architec-
ture stand out as semipermanent reminders of success or failure as an architect. The
thought processes, the search for client needs, the logic employed, the complex
interrelationships of spaces involved, the programming, the simulation, and the evaluation
of various designs, all these—so vitally important to the final design—remain hidden in
the architect’s office.!? What is evident for all to see is a physical structure, built from con-
crete or steel or timber, clad in brick or stone or glass, roofed as appropriate, that with-
stands such natural elements as snow and wind and rain and provides an enclosed—or un-
enclosed—space for the client. The architect, with the help of the structural engineer and
the builder, has converted ideas of form and shape and space into a building. Whereas all
the ideas are subtly expressed and half hidden, the structure and the materials of construc-:
tion may be quite exposed and totally visible for all to see. The structure has become vital
and perhaps the most exposed part of architect. The interface between architecture and
structure is a fascinating field and one that needs to be explored more deeply. Structure
should influence architecture by making it more rational and efficient, but it should not dic-
tate architecture, With certain structural systems, however, such as a tension cable net, the
structure so dominates the entire design that at least the visible expression of the architec-
ture is basically all structure,

'

1.2 IMPORTANCE OF STRUCTURES TO ARCHITECTS

The importance of a knowledge of structures to architects now becomes quite clear, Ar-
chitects need this knowledge to ensure that the practical expressions of their architecture are
both rational and efficient. The structural system that enables buildings to withstand the
loads imposed on them and the materials of construction, if properly chosen, help further
the expression of architects’ ideas rationally and economically. If improperly chosen, struc-
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loads imposed on them and the materials of construction, if properly chosen, help further
the expression of architects’ ideas rationally and economically, If iraproperly chosen, struc-
tural systems and materials of construction may work against an architect. One may, for in-
stance, wish to create an impression of airiness in his architecture, only to discover later
that he has created an architecture that expresses monotithic massiveness——and all by an im-
proper choice of structure or materials,

Some will argoe that, because architects always work with consulting structural engi-
neers, who make the final decisions on the structural system and the sizes to be used, a
knowledge of structures is not really necessary for architects. There are two ma jpr ob jc-
tions to this argument, First, the architect who knows no structures hands over his beauti-
ful piece of architecture to an engineer, possibly an unthinking, unfeeling one, who then in-
seits a structural system into it. @ The engineer’s decisions flow from his own philosophy
and training, including such factor as pure economics and ease of calculation or construc-
tion, and they may express something quite different from the architect’s overall
philosophy. Because the structural system and the materials of construction may largely dic-
tate the building’s appearance, the architect has permitted the engineer to“rape” the architec-
ture, The sccond and greater objction is that an architect ignorant of structures may pro-
pose a piece of architecture that cannot be built at the price the client is prepared to pay. In
other words, this architecture is a pipedream, a futile intellectual cxercise far from the realm
of practicality. ' :

Conversely, the architect who has an adequate background in structures will have re-
tied on that background, cven if only subconsciously, from the initial stages and will pro-
duge a feasible wid practical design, Furthermore, in his consultations with the structural en-
gineer, he will be able to discuss his ob jctives intelligently and to appreciate if necessary, to
resist suggested changes. That architect operates from a position of knowledge and
strength. '

1.3 STRUCTURAL SYSTEMS AND THE ARCHITECTURAL DESIGN

It is now clear that an architectural design must incorporate a structural system or sys-
tems that will help. the architect transform, conveniently, safely and economically, the de-
sign into a structure that resists the elements and encloses spaces according to his original
ideas. @ Thus it is the initial architectural design that provides the architect with the first
data that will enable him to make rational choices, What are the spans involved? What are
the shapes and sizes of the spaces? Is unobstructed space wanted or column supports that
puncture the space at regular intervals? Structural systems suitable for spans of 30 fi( 9.
14m) may be quite unsuitable for spans of 100 ft (30. 48m) and vice versa, Architects must
realize that, although the architectural design has spans or spaces of its own, the spans they
impose on the structural system influence the choice of that very system,

Consider, for instance, a large concourse, such as the lobby of a high—rise hotel, shown
in plan in Fig. 1. 1a, The lobby is 60x 90 ft. (18. 29 x 27, 43m) and the architectural design
shows this to be so. If the architect is not prepared to accept internal columns, as in Fig, L.
1b, the shorter span for his structural system is 60 ft (18. 29m). If, however, he is prepared to
accept internal columns in both directions at 30ft (9. 14m) centers, as in Fig. 1. Ic, then the
spans for his structural system are only 30 ft (9. 14m). He can have quite different structur-
al arrangements for the two cases, even though his architectural design has remained un-
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changed. Spans are not the only data that can be learned from the architectural design.
Equally important is the realization that the architectural design, by its shape in planand el-
evation and by the objctive it tries to achieve, can suggest other structural systems better
suited—or worse—to the design itself. A tennis club with indoor courts, which requires
that the headroom in the middle be considerably more than the headroom at the ends, may
suggest that an arch or a pitched—roof rigid frame, as shown in Fig. 1. 2, might be suitable
structural systems, because they lend themselves more naturally a meeting headroom consid-
erations, A cable structure, shown in Fig. 1. 3, where the maximum sag occurs in the middle
may be quite unsuitable,

ENTRAMCE
4 |

1efiy - - - - -
LoseY - ] %' N *[ W, B
-8 o "s [ W~ {\- —~- i
‘ COLUMN FREE L0BBY WITH mrum[
5 LOBSY COLUMNS A
RECEPTION ‘ ;
r A / - [ ——| - ] Nl
59’ L E
10 eiE. ‘f/ '
AIRS .
(a) (b) ©
Fig.1.1

1.4 STRUCTURE AND LOADS

The structural system, now an aesthetic part of the architectural design and
economically suitable for the spans involved, forms and supports enclosed spaces that are
to meet the architect’s ob pctives and fulfill the needs of the client. The structure will be sub-
gcted to loads, from both-inside and outside the building. Loads from inside the building
are imposed by the occupancy or the use to which the building is put and may consist of Iive
loads, such as people, furniture, library bookstacks, auto mobiles, hospital beds, -etc. ,
any combination of these as appropriate. Other loads inside the building arise from the
dead load of the total constrution itsélf. The structural system must be capable of taking
its own load and also the loads imposed on it by flooring, permanent internal partitions, ex-
ternal cladding walls, ceiling, roofing, such mechanical systems as ducts, etc. ¢

Loads from outside stem from the effects of the natural environmeént on the building,
These may consist of snow lodd on the roof, wind load on the roof and sides, and perhaps
earthquake loads. These loads depénd largely on the location of the building. The snow
load for which the building has to be designed in Arizona is vastly different from the snow
load in Colorado. The wind load in Florida is considerably more than the wind lcad in
Kansas. If the building is not inan carthquake zone, carthqudke loads need not 'be consid-
ered at all, :

All these loads, whether from inside or outside the building, whether arising from the
building itself, the user, or the natural elements, have to be taken by the structural system
from all points and manners of application and transferred safely and economically to the
foundations, where they are then dissipated into the soil on which the building  rests.
¢y This is the function of structure inarchitecture, and its importance can hardly be under-
estimated. A badly designed structural system may not perform its function safely and may
collapse with catastrophic and disastrous consequences under normal overload conditions,
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Even if such an extreme situation does not result, a badly designed structural system may
prove to-be much more expensive than a comparatively efficient one,
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1.5 STRUCTURE AND MATERIALS OF CONSTRUCTION

Having considered the structural system, the architect then chooses the materials of
construction, ® Sometimes the choice is dictated by experience, which suggests that cer-
tain structural systems are compatible only with certain materials of construction, For in-
stance, timber is totally unsuitable and incompatible as the main structural material in a
high—rise building. Such a building requires a structural system in steel or concrete. The
incompatibility of the material of construction with the structural system chosen may be
governed in some cases by the consideration that final sizes would be either too large or too
small to warrant an economical structure} ? Incompatibility can be dictated by the nature
of the construction material itself, All materials have certain characteristics in response to
load that make them unique, and the good architect needs to exploit the strong characteris-
tics of his building materials for proper design. For instance, steel is extremely strong in ten-
sion, but concrete is not. Steel is also, for the strength it affords, a comparatively light struc-
tural material, whereas concrete is heavy. The dead load.of a steel structure is therefore
quite small, though the dead load of a concrete structure is quite large. A light, largespan,
cable—net. roof structure, which uses tension as the primary means of load propagation to
transfer the loads from the roof toward the supports, is therefore very suitable in steel, but
unsuitable in concrete. The nature of the material, once again, is not the only reason for
incompatibility between the structure system and the material of its construction, Various
degrees of incompatibility can arise from a number of reason, such as architect aesthetic re-
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quirethents; building code requirement, particularly the fire codés; ready or poor avallablh-
ty n‘iatena} locaI methods and practnees ,and finally economrcs ’

1. 6 DFSIGN OF THE STRUCTURE o "

Now hang welghed structural system and aompatzble buxldmg matenals, the archi-
tect is in a position-to ‘design his structure. He has a structural system he wishes to use, he
has estimated the loads that will be imposed on it and he has chosen his material of con-
struction. He cannot be fully sure that his choices  have been rational, however, until he is
able to approximately size the members of his structural system to determine whether or
not the entire system is going to be feasible and economical, ® Consider, for in stance, the
floor of a 30—story high—rise building. On designing the flpors, the architect finds that the
structural depth of the floor, for the spans he is considering'and for the reinforced concrete
material he had in mind, is 3 ft(0. 91m). Even‘a saving of 6 in. (152mm) in the structural
depth-would reduce the building height by 15 fi(4. 57m)! Should he try another structural
friaterial, such:as steel? Should he try perhaps another structural arrangement in the same
type of structural system to reduce his structural:depth? Should he go to an entirely differ-
ent structural system altogether? Should he alter his spans and perhaps compromise his ar-
chitectural design? These are questions the drchitect cannot conceivably even begin.to an-
swer until he is able to approximately design his structural system. The emphasis here is on
the word “approximate. A structural engineer will later accurately size his members for.con-
struction purposes, perhaps using more sophisticatéd methods of analysis. The architect,
hHowever, néeds an approximate size, not to-duplicate the efforts of the structural engineer,
but to Better appreciate his structu»ral system—»—thereby enabling him to 1mprove his archl-
tectural design;

To’desxgn the structure, the archltect needs to fully appreciate two separate stages of de-
slgn .'$A E -t v o

1. He'needs.to know how load propagates or ﬂows through the various elements of his
structure. ‘This is analysis;: -

2, He needs to know how this propagatlon, or ﬂow ofload affects the material of his
structural element, so that he can provide an adequate amount of material for structural ele-
ment to besafe, Thisis sizing and, more properly, design. ‘

Let us consider each of these stages in greater detail.

1.6.1 Load Propagation Through the Structural System - - -

We have already seen that the structural system collects the loads from the points of ap-
plication—snow load on the'roof, wind load on the roof and sides, live or user load on the
floors, dead load everywhere, etc. — and transmits them to the foundations, The load in
fact propagates, or flows from the point of application, with the help of structural mécha-
nisms of load transfer, along and through the structural system to the foundations. # The
particular mechanism or ¢combination of mechanisms used is vitally important to a proper
- understanding of the behavior of the structural system and, hence to a proper design of the
structure; ‘ -

As-an example, consider a chandelier hangmg by a cham or cable from a roof beam
that rests on columns, as shown in Fig.1.4, The load of the chandelier .travels upward
through the mechanism of tension in the chain or cable to the underside of ‘beam. It then
flows sideways, together with the dead load of the beam itself and the load from the slab,
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through the mechanisms of bending moment and shear force (the bending of the beam), to
the columns, where it is converted .into end reactions or compressive forces that the beam
imposes on the columns '” Each column then, through the mechanism of compression,
transfer its share of the load, together with the dead load of column itself, to the foundation
as a compressive force on the soil, where together with the dead welght ‘of the foundation it-
self, it is dissipated into the earth.{'?. The chain or cable that supports the chandelier.is in
tension, the beam is in bendmgand slwar, and the columns are in compression.
. ! +CONCRETE  SLAS - - .

CHAIN DR’ TEEL BE) :
e e STEEL BEAM

. CHANDELIER ’

l’mlsnu\. 2 '

N
: -rwo‘a'tsm .| . SYE!L coum .

: . mgla :

A corredt apprecratron of 1oad propagatron,f that is; the. detemrnatwn of the,oorrect
path and manner in which the transfer and flow of load occur, is critical to. an.appreciation
of the behaviar-of the structural system and, hence, to its analysis and desrgn

-1.6.2 ‘Effect.of Load Propagation on the-Material

The load, in-its path.through the structural system, stresses and strains the materlal in
various ways. Amunderstanding of how this occurs is essential to a proper understanding of
the structure. The material of the cable in Fig. 1. 4 is under a tensile stress due to. the tension
in the cable: It needs-to have.a sufficiently large area of cross section, therefore; so that it
does not snap, To phrase it differently; the tensile stress in the material of the cable must be
below the ultimate tensile strength of the material of the cable—~with a certain fictor of
safty. The load of the chandelier can never increase and can be estimated with a fair degree
of accuracy. Nevertheless, a-factor of safety of 1 . 4 or 1. S must be applied, to ensure that
the cable is perfectly safe against defects in the material of the cable or the workmanship
and our ignorance of any extra loading that may be applied during the erection.of the chan-
delier or the exact connections to be used that could lead to overstressing, etc, The factor of
safety is really our fictor of i tgnarance, whlch we apply to.ensure that the structure:is safe at
all times and under all conditions. .

There are two ways of applymg the factor of safety in structural desrgn ln workmg
stress design, this factor of safety is applied to the ultimate strength of the materu,l tp yleld
a permrssrble stress up to which the material can sq £ly. be stressed

‘ a Permlssrble stress= ultimate strength
;o g factor of safety

The load omthe structure is then the working load that the structure norma’ly takes un-
er-all conditions of operation;

- Inultimateioad or strength design, however ihe factm of safety is applied to. the work
ing load to yleld) a much larger-load, for purpose of design, called the ultimate lpad.

: <. Ultimate load = working load X factor of safety

Thls ultimate load is a fictitious value, because it is never expected to be reached The
structure is then designed in such a way that the ultimate strength of the material would in
fact be reached;under the ultimate load and collapse would occur.,

Strength is.not the only crlterlon of design. Deflections are equally 1mporta nt The ca-
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