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Unit 1 Loads

Loads can be classified into two distinct categories: static and dynamic. Static loads are
always a permanent part of the structure. Dynamic loads are all temporary: they change as
time and season change, or as a function of spaces within or on a structure. ©

The houses are subjected to great many different and often quite severe stresses during
their lifetimes. Some of these stresses are inherent in the structure, others are imposed from
outside. The accurate determination of the loads to which a structure or structural element
will be subjected is not always predictable. Even if the load are well known of one location in
a structure, the distribution of load from element to element throughout the structures re-
quires assumptions and approximations. The loads imposed from outside include live loads,
wind loads, snow loads and earthquake loads. Some of the most common kinds of loads are
discussed in the following sections.

Dead loads

Dead load is a fixed position gravity service load, so called because it acts continuously
toward the earth when the structure is in service. The dead loads include the weights of all
the structural parts of the building — the studs, joists, rafters, roofing, flooring, insula-
tion, plastering, and so on. The dead loads also include the weights of all the mechanical e-
quipment permanently installed in the house — the plumbing and heating equipment, duct-
work, central air-conditioning equipment, and the like. ® In sum, the dead loads include eve-
rything in,on,or attached to the house® that cannot possibly be omitted or eliminated if the
house is to be considered complete and habitable. Since the weights and locations of all these
materials are known, the dead loads can easily be calculated and the structure designed to
support them. @

Live Loads

Gravity loads acting when the structure is in service, but varying in magnitude and loca-
tion, are termed live loads. Live loads include everything that the inhabitants carry into a
completed building to make it habitable, including themselves. Live loads, therefore, are ad-
ditions to the floor dead loads. Anything that is movable is usually considered as part of the
live load, though sometimes live loads shade off into dead loads. The permanent installation
of large bookcases with their weight of books, a grand piano,or machineshop equipment, can
be considered either as live load or as dead loads. In the former case, it is assumed that the
joists will be able to support this weight without any additional reinforcement. In the latter
case, the builder may find it necessary to reinforce the joists to help them support the addi-
tional loads.

Wind Loads



When calculating the wind pressures acting on a house, an engineer assumes that the
wind will act in a horizontal direction. It doesn’t always, of course®. Most people are also
likely to assume that the wind pushes down against a pitched roof. This assumption is not
quite accurate. Imagine a strong wind blowing against a house that has a gable roof. When
the wind strikes the house, it will be deflected to the sides and upward. As the wind passes
over the roof, its velocity must increase. As its velocity increases, its pressure must de-
crease. Depending on the shape of the roof, there may even be negative pressure acting a-
gainst the downwind side of the roof.

The roof may, in fact, be pulled up and away from the walls supporting it. Tiles and
shingles that are “blown off” a roof are not pushed off by the wind. They are sucked off by
negative air pressures. Everyone has seen photographs of wind-damaged houses that have
had their roofs “blown off”. What has actually happened is that a suction pressure has lifted
the roof from the walls. © T don’t think anyone has seen a photograph of a house that has had

its roof blown in during a windstorm.
New Words and Expressions

gravitational [ greevi'teifensl] a. , ,
distinct [dis'tigkt] a. R

category [ 'keetigeri] n. ,

static [ 'stetik] a. R

temporary [ 'temporori] a. ;

function ['fapkfon] n. ,

earthquake [ 'a0kweik] .

stud [stad] n. ,

joist [dzoist] . , ,
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. rafter ['rafte] n.

—_
—_

. flooring ['florrig] n. ;

—_
[\

. insulation [insju'leifon] =. R

[
w

. air-conditioning ['eo kon'difonin] n. ,

—
S

. plastering ['plastorin] n. R , R
L. ,

15. ductwork ['daktwok] n. R

16. attach [o'tet[] wt. ,

17. omit [ou'mit] wot. ,

18. eliminate [i'limineit] vz. ,

19. habitable [ 'haebitobl] a. R
20. inhabitant [in'habitent] n. )
21. movable ['muvebl] a. ,
22. installation [instoleifon] n. ,
23. bookcase ['bukeis] n. (G



24. grand [grend] a.

25. machineshop [mo'[i: nfop] n. ,
26. former ['fomo] a. ,

27. assumption [o'sampfon] n. R

28. gable ['geibl] a. R

29. deflect [di'flekt] <. R

30. downwind ['daunwind] ad.

31. tile [tail] n. , ot

32. suck [sak] w. ,

33. win-damaged ['wind'demidzd] a.
34. suction ['sakfon]| n. R

35. windstorm ['wind stom ] #.

36. plumbing ['plamin] n.

37. duct [dakt] n. , .
38. pitch [pitf] = R 2. , ,
39. shingle ['[iggl] =. , s
40. be classified intos+«+- C ) e
41. in sum
42. shade off intoss==e= eeeeee
43. push down C )y
44. be pulled up ¢ ) ,
45. be pulled away ==+ )
46. be pushed off -+ ¢ )
47. stick tosee-e- s )
Notes
Deeeees or as a function of spaces within or on a structure
a function of REERRITELY ( )7,
@and the like “ 7, the like .
(©)RITRE the dead loads include everything in, on, or attached to the house ++++--

, o
@the dead loads can easily be calculated and the structure designed to support them. the
structure  designed can easily be,
®1It doesn’t always, of courses«--: always act in a horizontal direction,
®What has actually happened is that a suction pressure has lifted the roof from the

walls. o



Reading Material [ Snow Loads and Earthquake Loads

Snow Loads

A roof is usually designed to support a dead load of 20 1b per sq ft. This includes the
weight of the rafters and the roofing material, whether it be asbestos shingles, wood shin-
gles, asphalt roll roofing, clay tiles, or whatever, although the roof is usually built a lot
stronger than normal if the rafters are required to support the weight of slate or clay-tile
roofing. If a flat roof is to be increased accordingly, the total dead and live load on a roof
garden are assumed to be 100 Ib per sq ft; on a sun deck, 60 lb per sq ft.

Snow weighs about 8 1b per cu ft when dry and from 10 to 15 1b per cu ft when wet or
tightly packed. This snow load is calculated on the basis of the horizontal area covered by the
roof, not the actual area of the roof itself, which, of course, will be greater when the sur-
faces of the roof are slanted. If the total anticipated snowfall for two months (the usual
method of calculating the total snow load) exceeds 20 lb per sq ft, then it is the snow load
that will determine how strong the roof must be constructed, not the weight of the rafters
and roofing material®.

There is an alternative to strengthening the roof rafters when exceptionally heavy snow
loads are anticipated. This is to make the roof steeper. The steeper a roof, the less the maxi-
mum anticipated snow load for the obvious reason that snow has difficulty sticking to a steep
surface. A roof that slopes 60 degrees or more hasn’t any snow-load requirement at all.

The question arises: How does one calculate combined snow and wind loads The an-
swer is that one never assumes that heavy accumulations of snow and strong winds will occur
simultaneously, which seems sensible. If the anticipated snow loads are greater than the an-
ticipated wind loads, the snow loads will determine the roof design; otherwise, the wind
loads will be the determining factor.

Earthquake Loads

Since the loads imposed on a house by an earthquake are basically horizontal loads of the
same sort that are imposed by wind loads, though the earthquake loads are much shorter and
sharper, a wood-frame house that can resist the usual design wind loads of 15 lb per sq ft is
considered to be capable of resisting the shock loads produced by most earthquakes?. There-
fore, for a wood house, there is no need to take earthquake loads into account in the design
of the house.

Masonry houses, on the other hand, are far more likely to require special construction
techniques to resist earthquake loads, brick, concrete, concrete blocks, and stonework are
much more brittle materials than wood, and they are held together by rigid mortar joints.
Masonry hasn’t the resilience of wood to sudden, sharp loadings. An unreinforced masonry
wall will very likely suffer some damage in even a moderate earthquake. If the shock is se-
vere, an entire masonry building must be especially reinforced to resist sudden horizontal
loads.

o« 4 .



New Words and Expression

1. whether it be A or B A B
2. sun deck
3. slant [slamnt] w.
4. anticipate [en'tisipeit ]
5. simultaneously [ simal'teiniosli] ad. ,
6. brittle ['britl] a.
7. resilience [ri'zilions ] ,
8. earthquake-prone
Notes
(DI the total anticipated snowfall «««+- and roofing material.
( ) 20,
@Since the loads imposed «+++++ by most earthquakes.
s s , 15

Reading Material T Highway Live Loads

Highway vehicle loading in the United States has been standardized by the American
Association of State Highway and Transportation Officials (AASHTO) into standard loads
that approximate a series of trucks. There are two systems, designated H and HS that are i-
dentified by the number of axles per truck. The H system has two axles per truck,whereas
the HS system has three axles per truck. Altogether there are five classes of loading: H10,
H15, H20, HS15, and HS20. The loading is shown in Fig. 1-1.

Bt A S

14’ 0" |-—14' 0" k14 1030 60" ] | 20"
$ » 32 3

8
Axle loads
(kips)
H20-Truck HS20-Truck

{ 18k fo moment } to be positioned

26k for shear for maximum effect.

w=0.64kips/linear ft of lane

LI T T T 7T 777777

Fig. 1-1 AASHAO-— 1997 highway H20 and HS20 loadings(for H15 and HS15 use 75 percent of H20
and HS20,and for H10 use 50 percent of H20) (1 kip=4. 45 kN)

In designing a given bridge, either one equivalent truck loading is applied to the entire
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structure, or the equivalent lane loading is applied. When the lane loading is used, the uni-
form portion is distributed over as much of the span or spans as will cause the maximum
effect. In addition, the one concentrated load is positioned for the greatest effect. On contin-
uous structures, in determining maximum negative moment at the support only, an addition-
al concentrated load must be used in a span other than the position of the fist one. The load
aistribution across the width of a bridge to its various supporting members is taken in accord-
ance with semi-empirical rules that depend on the type of bridge deck and supporting struc-
ture.

The single truck loading provides the effect of a heavy concentrated load and usually
governs on relatively short spans. The uniform lane load is to simulate a line of traffic, and
the added concentrated load is to account for the possibility of one extra heavy vehicle in the
line of traffic. These loads have been used with no apparent difficulty since 1944, before
which time a line of trucks was actually used for the loading. On the interstate system of
highways a military loading is also used that consists of two 24-kip (107-kN) axle loads
spaced 4 ft (1. 2m) apart.

Railroad bridges are designed to carry a similar semiempirical loading known as the
Cooper E72 train, consisting of a series of concentrated loads a fixed distance apart followed
by uniform loading. This loading is prescribed by the American Railway Engineering Associ-

ation (AREA).
New Words and Expressions

semiempirical a.
. interstate a. ,

truck loads

bridge deck

1
2
3
4. lane loads
5
6. military loading
7

. AASHTO



Unit 2 Concrete and Reinforced Concrete

Concrete is a man-made conglomerate stone composed of essentially four ingredients:
portland cement, water sand and coarse aggregate. The cement and water combine to make a
paste that binds the sand and stones together. Ideally, the aggregate are graded so that the
volume of paste is at a minimum, merely surrounding every piece with a thin layer®. Most
structural concrete is stone concrete, but structural lightweight concrete (roughly two-thirds
the density of stone concrete) is becoming increasing popular.

Concrete is essentially a compressive material having almost no tensile strength, so
concrete’s weakness in tension also causes it to be weak in shear. These deficiencies are over-
come by using steel bars for reinforcement at the places where tensile and shearing stresses
are generated? , under load, reinforced concrete beams actually have numerous minute cracks
which run at right angles to the direction of majbr tensile stresses. The tensile forces at suc
locations are being taken completely by the steel “re-bars”.

The compressive strength of a given concrete is a function of the quality and proportions
of its constituents and the manner in which the fresh concrete is cured. (Curing is the
process of hardening during which time the concrete must be prevented from “drying out”,
as the presence of water is necessary for the chemical action to progress. ) Coarse aggregate
that is hard and well graded is particularly essential for quality of concrete. The most impor-
tant factor governing the strength, however, is the percentage of water used in the mix. A
minimum amount of water is needed for proper hydration of the cement. Additional water is
needed for handling and placing the concrete, but excess amounts cause the strength to drop
markedly.

These and other topics are fully covered in the booklet, “Design and Control of Concrete
Mixtures,” published by the Portland Cement Association. This is an excellent reference,
treating both concrete mix design and proper construction practices. The American Concrete
Institute publishes a widely adopted code specifying the structural requirements for rein-
forced concrete.

Concrete is known as the “formable” or “moldable” structural material. Compared to
other materials, it is easy to make curvilinear members and surfaces with concrete. It has no
inherent texture but adopts the texture of the forming material, so it can range widely in sur-
face appearance. It is relatively inexpensive to make, both in terms of raw materials and la-
bor, and the basic ingredients of portland cement are available the world over. (It should be
noted, however, that the necessary reinforcing bars for concrete may not be readily available
in less-developed countries. )

The best structural use of reinforced concrete, in terms of the characteristics of the ma-
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terial, is in those structures requiring continuity and/or rigidity. It has a monolithic quality
which automatically makes fixed or continuous connections. These moment-resistant joints
are such that many low-rise concrete buildings do not require a secondary bracing system for
lateral loads. In essence, a concrete beam joints concrete column very differently from the
way steel and wood pieces join, and the sensitive designer will not ignore this difference.
(These remarks do not apply to precast structural elements, which are usually not usually
not joined in a continuous manner. )

Concrete is naturally fireproof and needs no separate protection system. Because of its
mass, it can also serve as an effective barrier to sound transmission.

In viewing the negative aspects, concrete is unfortunately quite heavy and it is often not-
ed that a concrete structure expends a large portion of its capacity merely carrying itself®.
Attempts to make concrete less dense, while maintaining high quality levels, have generally
resulted in increased costs®. Nevertheless, use of lightweight concrete can sometimes result
in overall economies.

Concrete requires more quality control than most other building materials. Modern tran-
sit-mixed concrete suppliers are available to all U. S. urban areas and the mix is usually of a
uniformly high quality. Field-or-job-mixed concrete requires knowledgeable supervision,
however. In any type of concrete work, missing or misallocated reinforcing bars can result in
elements with reduced load capacities. Poor handling and/or curing conditions can seriously
weaken any concrete. For these and other reasons, most building codes require independent
field inspections at various stages of construction.

Proper concrete placement is also somewhat dependent upon the ambient weather condi-
tions. Extremely high temperatures and, more important, those below (or near) freezing can

make concrete work very difficult.

New Words and Expressions

1. conglomerate [kon'glomarit] n. ,
2. ingredient [in'gri:diont] n.

3. epoxide [e'poksaid] n.

4. polyester n.

5. resin n.

6. constituent [kon'stitjuont]| n. R
7. polymer n. ( )

8. hydration [hai'dreifon] . ( )
9. precast v. a. ,

10. excess [ik'ses]| a.

11. booklet ['buklit] n.

12. moldable = mouldable a.
13. curvilinear [ 'korvilinio] a.
14. markedly ['maikidli] ad.



15. texture ['tekstfo] n. ,

16. rigidity [ri'dziditi] »n. ,
17. brace [breis] n.w. ;
18. in essence .

19. monolithic [ imonou'litik] a.

20. precast [ 'prii'kaist]  wr. a. «C D
21. supervision [sjuipa'vizen] n.

22. ambient ['aembiont] a.

23. transit-mixed a.

24. field-or-job-mixed a.

25. moment-resistant n.

26. placemen ['pleismont] n. ( )
27. misallocated [mis'selokeitid] a.

28. inspection [in'spekfon] n.

Notes
(Dsurrounding , o
@by using steel bare---- by by means of,
; where the places,
®@In viewing -+ : ; carrying itself , .
@ while( ) to make concrete««-+-* maintai-
ning high««--- attempts .

Reading Material [ Structural Steel

Steel is the strongest and stiffest building material in common use today. Relative to
wood and concrete, it is a high-technology material made by highly refined and controlled
processes. Structural steel has a uniformly high strength in tension and compression and is
also very good in shear. It comes in a range of yield strengths made by adjusting the chemis-
try of the material in its molten state. It is the most consistent of all structural materials and
is, for all practical purposes, homogeneous and isotropic, meaning it has like characteristics
in all directions (By contrast, wood is an isotropic. ).

The greatest asset to steel is its strength and plastic reserve. It is highly ductile and de-
forms greatly before failing if overloaded. Because of steel’s strength, the individual mem-
bers of a frame are usually small in cross section and have very little visual mass.

Steel is a linear material and can be economically made into a visual curve only by using
a segmented geometry. It is most appropriatelyrused in rectilinear structures where bolted o
welded connections are easy to make. The structural shapes (i. e. , pipes, tubes, channels,
angles, and wide-flange sections) are manufactured to uniform dimensions having low toler-
ances. They are fully prepared (cut, trimmed or milled, drilled or punched, etc. ) in a fabri-

e 9 .



cation shop, remote from the site, and then delivered ready for erection. Such structures go
up rapidly with a minimum of on-site labor. The most popular form of construction used to-
day is referred to as shop-welded, field-bolted. In this method the various clip angles, beam
seats, and so on, are welded to the members in a shop and then the members are bolted to-
gether in the field.

A major disadvantage to structural steel is its need to be fire-protected in most applica-
tions. It loses its strength at around 500°C and will then yield rapidly under low loads. A
few municipalities require that all structural steel be fire-protected, and most codes will not
permit any exposed elements to be within approximately 4m of a combustible fire source.

The making of steel requires large physical plants and a high capital outlay, and there-
fore relatively few countries of the world have extensive mill facilities. The cost of manufac-
turing, coupled with the cost of transportation, can make steel a relatively expensive materi-
al?. Just the same, in most urban areas, concrete and steel are quite competitive with one
another in terms of inplace construction costs.

Continuity in the connections is much harder to achieve in steel than in concrete, and
most buildings are constructed with simple connections or ones that are only partially mo-
ment-resistant. Some type of lateral load bracing system is almost always required in a steel-
framed building and must be considered early in the design process.

Rolled steel is manufactured in a wide range of strengths. The standard low-carbon,
mild steel in use today has a yield strength of 250 MPa. Steel plate can be obtained with a F,
value of almost 700 MPa, and most standard shapes can be rolled in steel as strong as 450
MPa, although this can be expensive. Examples and problems in this text are limited to
shapes of F, =250 MPa and F, =345 MPa. These particular values are the most common
ones, with the lower 250MPa strength being the most frequently specified®.

Information about the various kinds of steel available can be obtained directly from man-
ufacturers and fabricators. The reader is also advised to purchase the latest edition of the
Manual of Steel Construction, published by the American Institute of Steel Construction. It

is an indispensable reference work for the design professional.

Notes
) ,
©) , .
©) . 250 MPa,

Reading Material ] Wood and Masonry

Wood is a natural material and has a broad range of physical properties because of the
different characteristics of its many species. Softwoods such as fir, pine, and hemlock most
often used for structural applications because they are more plentiful (grow fast and tall) and

¢« 10 o



are easier to fabricate. These woods are generally strong in tension and compression in a di-
rection parallel to the grain and weak when stressed perpendicularly to the grain®. Wood is
also weak in shear because of its tendency to split along the natural grain laminations.

Wood is light and soft compared to most other structural materials and is easily shaped
and fastened together. A minimum of materials-handling equipment is needed to erect wood
structures because of their weight. It is also very versatile in terms of its adaptability to the
making of geometric shapes and even nonlinear forms.

Most softwoods are fairly ductile and will not fail suddenly when overloaded. Because of
their lack of homogeneity or uniformity, the allowable stresses are quite low compared to
failure stresses. Consequently, when wood structures are properly engineered, a statistically
high margin of safety is present. Wood is often known as the” forgiving” material because of
its apparent ability to sustain loads not accounted for when the structure was designed®.

Wood, on the other hand. is not very stiff. It is subject to excessive deflection and creep
deformation if not designed with these characteristics in mind. It is prone to damage by fire
and to deterioration by moisture and insects. It expands and contracts with variations in hu-
midity, markedly so in the direction perpendicular to the grain. Timber structures that are to
be exposed to the elements must be carefully treated or highly maintained to preserve their
integrity.n

The American Institute of Timber Constructio publishes the Manual of Timber Con-

)
Q)

struction” and the reader is referred to it for more extensive information on the properties
and use of wood. The National Forest Products Association publishes some excellent design
aids and data books for use by the structural designer.

Like concrete, brick and concrete masonry units are strong in compression and weak in
tension. These materials have traditionally been used in walls, both bearing and nonbearing.
Usually, wall thicknesses required by code specifications to prevent lateral instability are
such that the actual compressive stresses are low. Crushing is seldom an important design
constraint®.

Masonry walls are more permanent than wood walls and provide effective barriers to
both fire and noise. They are less expensive and often more attractive than formed concrete
walls. Brick generally has more variation of pattern and texture than does concrete block,
but is also more expensive.

It is becoming increasingly common to use reinforced concrete block for retaining walls
and structural pilasters. In this construction, individual reinforcing bars are grouted in some
of the vertically aligned cells of the concrete units and serve as tensile reinforcement. This
greatly increases the lateral load capacity of the block. Reinforcing can also be placed in spe-
cial channel-shaped blocks to serve as lintels and tie beams. Brick can be reinforced by using
two wythos to create a cavity for grout and reinforcing bars®. The brick not only serves as

formwork but also carries compressive forces under load.
Notes

@ . ,
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