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1 Building Materials

1.1 Commonly Used Building Materials

Materials for building must have certain physical properties to be structurally useful.
Primarily, they must be able to carry a load or weight, without changing shape permanently.
When a load is applied to a structure member, it will deform: that is a wire will stretch or a beam
will bend. However, when the load is removed, the wire and the beam come back to the original
positions. This material property is called elasticity. If a material were not elastic and a
deformation were present in the structure after removal the load, repeated loading and unloading
eventually would increase the deformation to the point where the structure would become useless.
All Materials used in architectural structures, such as stone and brick, wood, steel, aluminum,
reinforced concrete, and plastics, behave elastically within a certain defined range of loading. If
the loading is increased above the range, two types of behavior can occur: brittle and plastic. In
the former, the material will break suddenly. In the latter, the material begins to flow at a
certain load (yield strength), ultimately leading to fracture. As examples, steel exhibits plastic
behavior, and stone is brittle. The ultimate strength of a material is measured by the stress at
which failure (fracture) occurs.

A second important property of a building material is its stiffness. This property is defined
by the elastic modulus, which is the ratio of the stress (force per unit area), to the strain
(deformation per unit length). The elastic modulus, therefore, is a measurement of the
resistance of a material to deformation under load. For two materials of equal area under the same
load, the one with the higher elastic modulus has the smaller deformation. Structural steel,
which has an elastic modulus of 30 million pounds per square inch (1b/in®), or 2100000kg/cm?®
kilograms per square centimeter, is 3 times as stiff as aluminum, 10 times as stiff as concrete,

and 15 times as stiff as wood.
1.1.1 Masonry

Masonry consists of natural materials, such as stone or manufactured products, such as brick
and concrete blocks. Masonry has been used since ancient times; mud bricks were used in the city
of Babylon for secular buildings, and stone was used for the great temples of the Nile Valley. The
Great Pyramid in Egypt, standing 481ft (147m) high, is the most spectacular masonry

— ] —
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construction. Masonry units originally were stacked without using any bonding agent, but all
modern masonry construction uses a cement mortar as a bonding material. Modern structural
materials include stone, brick of burnt clay or slate, and concrete blocks.

Masonry is essentially a compressive material: it cannot withstand a tensile force (a pull).
The ultimate compressive strength of bonded masonry depends on the strength of the masonry
unit and the mortar. The ultimate strength will vary from 1000 to 4000psi (70-280kg/cm”),

depending on the particular combination of masonry unit and mortar used.
1.1.2 Timber

Timber is one of the earliest construction materials and one of the few natural materials with
good tensile properties. Hundreds of different species of wood are found throughout the world,
and each species exhibits different physical characteristics. Only a few species are used
structurally as framing members in building construction. In the United States, for instance, out
of more than 600 species of wood, only 20 species are used structurally. These are generally the
conifers, or softwoods, both because of their abundance and because of the ease with which their
wood can be shaped. The species of timber more commonly used in the United States for
construction are Douglas fir, Southern pine, spruce, and redwood. The ultimate tensile strength
of these species varies from 5000psi to 8000psi (350-560kg/cm®). Hardwoods are used primarily
for cabinetwork and for interior finishes such as floors.

Because of the cellular nature of wood. it is stronger along the grain than across the grain.
Wood is particularly strong in tension and compression parallel to the grain. And it has great
bending strength. These properties make it ideally suit for columns and beams in structures.
Wood is not effectively used as a tensile member in a tress, however, because the tensile strength
of a truss member depends upon connections between members, It is difficult to devise connections
which do not depend on the shear or tearing strength along the grain, although numerous metal

connectors have been produced to utilize the tensile strength of timbers.
1.1.3 Steel

Steel is an outstanding structural material. It has a high strength on a pound-for-pound basis when
compared to other materials, even though its volume-for-volume weight is more than 10 times that of wood.
It has a high elastic modulus, which results in small deformations under load. It can be formed by rolling
into various structural shapes such as I-beams, plates, and sheets; it also can be cast into complex shapes;
and it is also produced in the form of wire strands and ropes for use as cables in suspension bridges and
suspended roofs, as elevator ropes, and as wires for prestressed concrete. Steel elements can be joined
together by various means, such as bolting, riveting, or welding. Carbon steels are subject to corrosion

through oxidation and must be protected from contact with the atmosphere by painting them or embedding
— 2 mr
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them in concrete. Above temperatures of about 700°F (371°C), steel loses its strength rapidly, and therefore
it must be covered in a jacket of a fireproof material (usually concrete) to increase its fire resistance,

The addition of alloying elements, such as silicon or manganese, results in higher strength
steels with tensile strength up to 250000psi (17500kg/cm?®). These steels are used where the size

of a structural member becomes critical, as in the case of columns in a skyscraper.

1.1.4 Aluminum

Aluminum is especially useful as a building material when lightweight, strength, and
corrosion resistance are all important factors. Because pure aluminum is extremely soft and
ductile, alloying elements, such as magnesium, silicon, zinc, and copper, must be added to it to
impart the strength required for structural use. Structural aluminum alloys behave elastically.
They have an elastic modulus 1/3 as great its steel and therefore deform 3 times as much as steel
under the same load. The unit weight of an aluminum alloy is 1/3 that of steel, and therefore an
aluminum member will be lighter than a steel member of comparable strength. The ultimate
tensile strength of aluminum alloys ranges from 20000psi to 60000psi (1400-4200kg/cm?®).

Aluminum can be formed into a variety of shapes; it can be extruded to form I-beams, drawn
to form wire and rods, and rolled to form foil and plates. Aluminum members can be put together
in the same way as steel by riveting, bolting, and (to a lesser extent) by welding. Apart from its
use for framing members in buildings and prefabricated housing, aluminum also finds extensive

use for window frames and for the skin of the building in curtain-wall construction.
1.1.5 Concrete

Concrete is a mixture of water, sand and gravel, and portland cement. Crushed stone,
manufactured lightweight stone, and seashells are often used in lieu of mural gravel. Portland
cement, which is a mixture of materials containing calcium and clay, is heated in a kiln and then
pulverized. Concrete derives its strength from the fact that pulverized portland cement, when
mixed with water, hardens by a process called hydration. In an ideal mixture, concrete consists of
about 3/4 sand and gravel (aggregate) by volume and 1/4 cement paste. The physical properties
of concrete are highly sensitive to variations in the mixture of the components, so a particular
combination of these ingredients must be custom-designed to achieve specified results in terms of
strength or shrinkage. When concrete is poured into a mold or form, it contains free water, not
required for hydration, which evaporates. As the concrete hardens, it releases this excess water
over a period of time and shrinks. As a result of this shrinkage, fine cracks often develop. In
order to minimize these shrinkage cracks, concrete must be hardened by keeping it moist for at
least 5d. The strength of concrete increases in time because the hydration process continues for

years; as a practical matter, the strength at 28d is considered standard.
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Concrete deforms under load in an elastic manner. Although its elastic modulus is 1/10 that
of steel, similar deformations will result since its strength is also about 1/10 that of steel.

Concrete is basically a compressive material and has negligible tensile strength.
1.1.6 Reinforced concrete

Reinforced concrete has steel bars that are placed in a concrete member to carry tensile
forces. These reinforcing bars, which range in diameter from 0.25in (0.64cm) to 2.25in
(5. 7cm) , have wrinkles on the surfaces to ensure a bond with the concrete. Although reinforced
concrete was developed in many countries, its discovery usually is attributed to Joseph Monnier,
a French gardener, who used a wire network to reinforce concrete tubes in 1868. This process is
workable because steel and concrete expand and contract equally when the temperature changes.
If this were not the case, the bond between the steel and concrete would be broken by a change in
temperature since the two materials would respond differently. Reinforced concrete can be molded
into innumerable shapes, such as beams, columns, slabs, and arches, and is therefore easily
adapted to a particular form of building. Reinforced concrete with ultimate tensile strength in
excess of 10000psi (700kg/cm?) is possible, although most commercial concrete is produced with

strengths under 6000psi (420kg/cm?).
1.1.7 Plastics

Plastics are rapidly becoming important construction materials because of the great variety,
strength, durability, and lightness. A plastic is a synthetic material or resin which can be molded
into any desired shape and which uses an organic substance as a binder. Organic plastics are
divided into two general groups: thermosetting and thermoplastic. The thermosetting group
becomes rigid through a chemical change that occurs when heat is applied; once set, these plastics
cannot be remolded. The thermoplastic group remains soft at high temperatures and must be
cooled before becoming rigid; this group is not used generally as a structural material. The
ultimate strength of most plastic materials is from 7000 to 12000psi (490-840kg/cm?), although
nylon has a tensile strength up to 60900psi (4,200kg/cm?).

Words and Expressions

permanently adv. KA H
stretch o, R ,56FF, 8 n. {HE;HKT adj. AT{HIEH
beam n. 3R
bend v. & HH;JE AR
elasticity n. 3{E; N
deformation n. 2B
4 —
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brick n. # adj. IR ve. FEE B, B S 4D
aluminum n. 48

concrete n. {BEE+

reinforced concrete IR EE +
loading n. Z&E#; Mk

yield strength Ji IR 5% BE ; Ji 28 77 ; B J 5 B
fracture n. WEHF i, WFE,BR
brittle adj. W

stiffness  n. NIBE ; B B

elastic modulus  F9% R 50 F P&
masonry n. £ L;fA LTl AEENR
concrete block iR %t 1+ f%

secular adj. A& B AF5H
temple . Ji TSP B

masonry unit R

bonding agent Zhi&H .4 A |

masonry construction WIS LE ) ; 75 4 4544
mortar n. BP¥K; KK

burnt clay %+

slate n. WA AW:AR

timber n. AWM s AR}

tensile property i HioR

framing member HEZ2 44

conifer n. FFHAR; [AH IFAMFRHAAY)
Douglas fir  [ARJZEHERS ;s SR

spruce n. =A%

cabinetwork n. iR T; HE ;A THKE
cellular adj. ZHFLH; 40

grain n. S0H ;ALY

truss member H742FF14

shear n. YJ7E ;&8

wire strand WZLER

bolt n. $8%T;[TH

rivet n. 9VET  or. FHONETEE ; MO %
weld n. fREE MRS o JREE

oxidation n. &k
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silicon n. &
manganese n. %%

ductile adj. SIERK , ZHKK

gravel n. A
portland cement 422K U8 , iR L /K U . 538 /K e
lieu =n. U

mural adj. BERER) n. BE[H
calcium n. 5

kiln n. (F, A KERDE B TRP
pulverize wvr. ¥R ; {55 UK K ; B BB
hydration =n. /K&VEHR

moist adj. IR ;IEEE
gardener n. [T ;46 ;W 2%
slab - n. Al R A

arch n. #£7; 5

resin n. RGN

nylon »n. JEJE

[(&%iFX]

H L SR

EAMMLALA— T EHAERAGHBERR, T4, ENLARSARFEIESE, AR
BREBK, SN - ALHHF LT B2 EH . ARSI ERFERRERES
th, R, B THBHFR AP EALDERRGLE, HHGIFBERARSELE, R4 HE
AW EFBBREEMTHENDAGLE ML EA MBS HBERRLEEHE M LB RT
AR, EALEHRGOHA Bk H KR EBAHREL BH . E—2FEEEAALAE
B, WwRFRE BT TEIANACE, TREA L2 A LG AH BRI BRHIR, THH
HETRBE, BHE—ZMREIRZE) FHF T RERAS, RE FEHEIR, #lde, MM 2
Wbk, B 2., M RARE R LRGBS kT,

EAMBG T A TZHHERACHRE, WERIBUEFT I . BEEFTRZLEH (L EHR
B EEE(REKEGTHIGE, A BEBEZE - AMHETEMEATRALBHGES
WEZIHRIF. EHRTEMERATERARGHHMH AAKRZEREZTOHHLARIGTN,
MM A A 30 Mlb/in® (3 2 100 000 kg/cm®) 9 # HAL S, BB T 345, RE LM
69 10 B KAty 15 4.
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1.1.1 # 14K

MR AMHER e EHIARH D AR BE LMk, AF AR, — AL A MK,
REFEMAECHKERTHIEZTHAEAY P . GHAAART TABRORTAT., RELFHF
481 ft(147 m) , R K HAL G AR 25 M) o VART AR B AR 330, X A AR R AEAT 4 7 2 57 A BLAX,
AR TR A A KRR EARBEHH., ARSHGHEMH LIEE L BEF LXK
G R RE LA,

M ERER—FZEMH,ERERZIE S, BE RGO E R E IR E T Ak LT fo
R RE BIREEA 1 000~4 000 psi(70~280 kg/cm?®) Z 18] % 46 , 4 FR 3% B Bk F4& A 44
hEAIH RO T AL,

1.1.2 KX #

AMARERARTHEAHBZ — LR LARFRESREOEAMHZ—., KBEF AR L
AN AERRERBEIN, FLHE—AMALEEARLERRGHEHFE, EEAKRIY,RAVHIL
AEAERAERER U, Flio, ££B, AR 600 O AM , AA 20 ELEH EEA, EMN—&
AATHREIER BACNBETFE M AEFXRHAHE., ELBAM S P RET A LEKIEN
A EH RO REdHrmn, EERAFHORMRILIELZEE A 5 000~8 000 Ib/in® (350 ~
560 kg/cm?), AT EZRA T RARTEATAEM, bk,

HTAMSIFR, EMAEFONRBEXTELEIGORE. AHRLHRILEE R
EREHNK,.FLECARKXORTRZE, IEFHECRESEALATHERE., K#HHEH
HRORBEMHRZRLZXG  AAHEAORERERETHASEGST S, EREFTHTRSA
AAMBERENL B EEF PARERT AKX FTOORTRBEXLERELERKRGE
B4,

1.1.3 A

ME—FLFHLEMHHR, BRAHRAL EHRESLFHTEARSGHRE, FEEFH
REEZTRAMG 1042, CEARZOBRUREST X FHEMBMERA THEHBR D, ERELHF K
BEEMBX , w IBE R ER. CLEFRILLOHEX . EXREZREBEAHXAAKELHF
EBLERTMMUARLHE R R ERASTEIRELENRNLE, AAFETRAELR S 57 XNBEL
E—R, Bt AR, RERHETAALE R BRLAEREIRARE L F L8
fEFA R, SBEAETO TG COOAENeREXLLBE AR TCLARBELE—FL
XKHHGEFRARBIDONERR G A KM,

Fmbbak, o RE, 23 REREFE 250 klb/in (17,5 t/cm?) #) FH & BE4 ., X 4R
RAEGEMRTHRLEMN  wBERXKXEHET,

1.1.4 %3

LR GRPRAEBRERATEAZTH . BRART — RN ARG EAMHE, AA42HR
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EERA ARG TALAEWE - FRAFEEAET ABREMEAMEHRE, 4
Mia oA ERM, CMNAREMES LMY /3, BREAARGFR T, EHBLIMG 312, 484
AN ELEFAMNG /3, B, BELAHAGETRRAFRANAE, BOLWHRMBRRIEZE
JE B A 20 000~60 000 psi(1 400~4 200 kg/cm?),

BITAHRERBRK;ETUMEH BRI BE BEHAEHoHFH RERSGH K, B4
Britfo A R A ik, o AL E R KR GIFE, BT AL AT B GERS,
LT ERETEREHRE.

1.1.5 RBEx

R ERK B B R KRG RS, BB AR R N o HCF R R BN E
B, HRBEEKREZOASBRELORSD EE IR, REAERD. RELBIHBREKES
KRABHKOVERIELRNLKETRE, ERANRLD L. REL Y 3/4 KRGTREHSE 1/
AR KRERER., RELAOHERETREOY RSO TRME, AT REFNEGREE K
BE LTIy ERLETEN, HRELMEESERKREZN ., EAS K, REFERL
R KRAERAR, MERBIGEL, CA—EHMASTIE S AGK, FRLKE. & TKEH
R MmBEREAET, ATREKEELZAINEZ) RELBALNLAEIREBS R, RELEAR
REBFE) 3% K, B A RMEREFEILF; R E,28 REBEERBIAARIFERE.

RBRLEFBMERATRABREELN, BRATHRERETEIMNG /10,22 X HH—# BAHE
WRAELRFRG 1/10, RELAFER —FHREHH, CHRBLBAETALERT,

1.1.6 WNEHERRELT

ApRBELEIE TRELITORGAREE N, XBMBAHZEA 0.25~2.25 in(0. 64~
5.7cm) A @A REAARFLEAEREL, RARNPRBLERZBRAMAE . 2R EH LA
Z)azshF—AxEBBEZF Joseph Monnier, /2 1868 F A —AN4R 4 M mig s £ 8, X A4
RTiTe, BASBEEAN ASFRELEAFREKAKE, wRAZIHMGE, BERTH
AR Ap Ao iRk £ 2 1) 89 A5 454 B h 3X 0 AR AL R 69 R R R B AR AR R . 4R A R R B RT AR R SR R &R
KPR B KA AL CEATEAOHKABR, BERXELTRARRLEBAL
6 000 1b/in* (420 kg/cm®) 2 Z 4R # L& L9 MR AL 32 E T A A 1d 10 000 1b/in® (700 kg/em?) .

1.1.7 %8 #

BHEAHELES BAES HARFRFERMRERAETZGEAMM. BHEL—FFESRHH
RABE TARBERETREGHR, FERNANDREARBESN, ANBH KL HHEABE
HfaBuARmE, RARBHAEmANAIF TR TRARR; —LRA, X EBHRERK
B, AU BHESZ BT REER,EER/BRZATLMAHN XA BH— &R H L B AR
M. RRRAGIEAYEE A 60 900 Ib/in® (4 200 kg/cm®) 12 X $ H B AH M H G BR IR E 2
7 000~12 000 Ib/in® (490~840 kg/cm®),
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1.2 Concrete as a Structural Material

In an article published by the Scienti fic American in April 1964, S. Brunauer and L. E.
Copland, two eminent scientists in the field of cement and concrete, wrote:

The most widely used construction material is concrete, commonly made by mixing portland cement
with sand, crushed rock, and water. Last year in the U. S. 63 million tons of portland cement were
converted into 500 million tons of concrete, 5 times the consumption by weight of steel. In many
countries the ratio of concrete consumption to steel consumption exceeds ten to one. The total world
consumption of concrete last year is estimated at three billion tons or one ton for every living human
being. Man consumes no material except water in such tremendous quantities.

Today, the rate at which concrete is used is much higher than it was 40 years ago. It is
estimated that the present consumption of concrete in the world is of the order of 11 billion metric
tones every year.

Concrete is neither as strong nor as tough as steel, so why is it the most widely used
engineering material? There are at least 3 primary reasons.

First, concrete possesses excellent resistance to water. Unlike wood and ordinary steel, the
ability of concrete to withstand the action of water without serious deterioration makes it an ideal
material for building structures to control, store, and transport water. In fact, some of the
earliest known applications of the material consisted of aqueducts and waterfront retaining walls
constructed by the Romans. The use of plain concrete for dams, canal linings, and pavements is
now a common sight almost everywhere in the world.

For example, Itaipu Dam in Brazil, this spectacular 12600 MW hydroelectric project at
Itaipu, estimated cost $ 18.5 billion, includes a 180m high hollow-gravity concrete dam at the
Parana River on the Brazil-Paraguay border. By 1982 twelve types of concrete, totaling 12.5
million m*, had been used in the construction of the dam, piers of diversion structure, and the
precast beams, slabs, and other structural elements for the power plant.

The designed compressive strengths of concrete ranged from as low as 14 MPa at 1 year for
mass concrete for the dam to as high as 35 MPa at 28 days for precast concrete members. All
coarse aggregate and about 70% of the fine aggregate was obtained by crushing basalt rock available
at the site. The coarse aggregates were separately stockpiled into gradations of 150mm, 75mm,
38mm, andl9mm maximum size. A combination of several aggregates containing different size
fractions was necessary to reduce the void content of the mass concrete was limited to as low as
108kg/m®*, and the adiabatic temperature rise to 19°C at 28 days. Furthermore, to prevent
thermal cracking, it was specified that the temperature of freshly cooled concrete would be limited

to 7°C by precooling the constituent materials.
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Structural elements exposed to moisture, such as piles, foundations, footings, floors,
beams, columns, roofs, exterior walls, and pipes, are frequently built with reinforced and
prestressed concrete. Reinforced concrete is a concrete usually containing steel bars, which is
designed on the assumption that the two materials act together in resisting tensile forces. With
prestressed concrete by tensioning the steel tendons, a precompression is introduced such that the
tensile stresses during service are counteracted to prestressed structural elements. The durability
of concrete to aggressive water is responsible for the fact that its use has been extended to severe
industrial and natural environments.

The largest circular precast concrete structure ever built for the transportation of water is
part of the Central Arizona Project — A $ 1.2 billion U. S. Bureau of Reclamation development,
which provides water from the Colorado Diver for agricultural, industrial, and municipal use in
Arizona, including the metropolitan areas of Phoenix and Tucson. The system contains 1560 pipe
sections, each 6. 7m long, 7. 5m outside diameter (equivalent to the height of a two-story
building) , 6.4 m inside diameter, and weighing up to 225t,

Since 1971, twenty concrete platform requiring about 1. 3 million cubic meters of concrete
have been installed in the British and Norwegian sectors of the North Sea. Statfjord B, the largest
concrete platform, built in 1981, has a base area of 18000m*, 24 oil storage cells and the deck
frame, and 42 drilling slots on the deck. The structure was built and assembled at a dry dock in
Stavanger; then the entire assembly, weighing about 40,000 t, was towed to the site of the oil
well, where it was submerged to a water depth of about 145m. The prestressed and heavily
reinforced concrete elements of the structure exposed to the corrosive action of seawater and are
designed to withstand 31m high waves. Therefore, the selection and proportioning of materials
for the concrete mixture was governed primarily by consideration of the speed of construction by
slip-forming and durability of hardened concrete to the hostile environment. A free-flowing
concrete mixture (220mm slump), containing 380kg/m?® of finely ground portland cement, 20mm
of maximum-size coarse aggregate, a 0. 42 water-cement ratio, and a superplasticizing admixture
was found satisfactory for the job.

The second reason for the widespread use of concrete is the ease with which structural
concrete elements can be formed into a variety of shapes and sizes. This is because freshly made
concrete is of a plastic consistency, which enables the material to flow into prefabricated
formwork. After a number of hours when the concrete has solidified and hardened to a strong
mass, the formwork can be removed for reuse.

The third reason for the popularity of concrete with engineers is that it is usually the
cheapest and most readily available material on the job. The principal components for making
concrete, namely aggregate, water, and portland cement are relatively inexpensive and are

commonly available in most parts of the world. Depending on the components’ transportation
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cost, in certain geographical locations the price of concrete may be as high as U.S. $75 to $ 100
per m*, at other it may be as low as U.S. $60 to $70 per cubic meter.

Some of the considerations that favor the use of concrete over steel as the construction
material of choice are as follows:

(1) Maintenance

Concrete does not corrode, needs no surface treatment, and its strength increases with time;
therefore, concrete structures require much less maintenance. Steel structures, in addition, are
susceptible to rather heavy corrosion in offshore environments, require costly surface treatment
and other methods of protection, and entail considerable maintenance and repair costs.

(2) Fire resistance

The fire resistance of concrete is perhaps the most important single aspect of offshore safety
and, at the same time, the area in which the advantages of concrete are most evident. Since an
adequate concrete cover on reinforcement or tendons is required for structural integrity in
reinforced and prestressed concrete structures, the protection against failure due to excessive heat
is provide at the same time.

(3) Fatigue resistance

The fatigue strength of steel structure is greatly influenced by local stress fields in welded
joints, corrosion pitting, and sudden changes in geometry, such as from thin web to thick frame
connections. In most codes of practice, the allowable concrete stresses are limited to about 50

percent of the ultimate strength; thus the fatigue strength of concrete is generally not a problem.
Words and Expressions

eminent adj. H4 K ; EHRH
resistance to water i 7K P
deterioration n. %Ak ;FEMK; B 1L
aqueduct n. JEE; IR

waterfront n. 7Kl ;{EKH#L X
retaining wall #4 -85, ZEEE I 7

canal lining IEE 8]

pavement n. ANATIE ; B
hydroelectric adj. 7K 71 & K

pier n. BFBGHEL, Bk
compressive strength  $i 5% B ; F 45 58
precast adj. T o, T ; OGS
concrete member JR%E + 44

coarse aggregate HLEER A B



