A B T B £ B R F H M PEARSON
**i%ﬁz“ Oversea Excellent Textbooks on Civil Engineering s

A LA

% 2h EUHRAR
seod G 7///16(’/‘//1 (/s Materials

Second Edition

[EZ SHAN SOMAYAJI
M4 1EEm

mEHFHRH

Higher Education Press



o+ B % R MK R MM

&Wﬁ;*f%ﬁ* Oversea Excellent Textb yoks on Civil Er ngineering
P E

Bl AR
Grod! g W@JM

Second Edltlon

¥ SHAN SOMAYAJI
Mo EEE

BEHFT LKA

Higher Education Press



E=:01-2004 5423 &

Original edition, entitled CIVIL ENGINEERING MATERIALS, 2™ Edition by SOMAYAJI, SHAN, published by
Pearson Education, Inc. , publishing as Prentice Hall, Copyright © 2001

All right reserved. No part of this book may be rep-roduced or transmitted in any form or by any means, electronic or me-
chanical, including photocopying, recording or by any information storage retrieval system, without permission from
Pearson Education Inc.China Adapted edition published by Pearson Education Asia Ltd. and Higher Education Press,
Copyright © 2006

This Adapted edition is manufactured in the People’s Republic of China,and is authorized for sale only in People’s Re-
public of China (excluding Taiwan and the Special Administrative Regions of Hong Kong and Macau) .

For sale and distribution in the People’s Republic of China exclusively
(except Taiwan, Hong Kong SAR and Macao SAR) .

R T o 4\ R 2% 0 B8 P (B 0V 7 o 5 55 L 45 5049 BUK A
FEEEHEX)HEZIT,
A5 H H WA Pearson Education (354 20 & H MR ) BOE B thin . I
mEEIEEE,

B+ 7 /i 4 B (CIP) 47

+ AR T ##l = Civil Engineering Materials: 45 2 i/
(£)KHE W (Somayaji, S. ) & [ By ol g . AL 50 5
SFECA AL, 2006 11

ISBN 7 - 04 — 020069 — 4

I ... T.O%..Q®”... M.LKRKTE-#&
FRPRL - BUB R — W52 -8 - %X V.TUS

[ AR B 50 CIP 3088 47 (2006) 45 120803 =

Rilmig Rbk RERE F & HEIT K #H  HELE 24
=izt &k K REKX A% REEH # A

HEET ®SEEE LM WEHLE 010 - 58581118
#o o ERWPRXES KA 4 5 REEW 800810 - 0598
BEEL4RAT 100011 [ tit  http://www. hep. edu. cn
= #Hl 010 - 58581000 http://www. hep. com. cn
] T http://www.landraco. com
23 W OKEBMEERETHERAR http://www. landraco. com. cn

21 Bl AEEEELEDERAA WMBHE hep://www. widedu. com

FF A& 787x1092 1/16 A 2006 11 A% 1R
En 3 16.5 EN WO2006 4E 11 B 1 WEPRI
F # 390 000 € 7t 39.80 G

A% A5 A SR T (B TR T SR A ) S, 9 B T PR S T R
R E #ReR
S 20069 - 00



& AR ¥ BA

AFNBGERTHEHRHEEREFEMFERRAHMZ—. HTEHFHA L ESHRF
RFEHERR A AR AL ELRARERRECA . FERDNHTRF  RAKRBDHKF
HE EFREFLEHTNRFRE . S A A SR AR R R AFHA FER RF &K
Mo “UREFHMFERRAHMA LA UTRA:

1. NARA LA KT HRAEBARF W AR RRRTRLARE, PR 0 R HA;

2. HEW-—A¥EARFREFLEFRM L L RE REARRHFER, A FRAAT
EXEFHRT XA EZERHFERY;

3. MM AMERMN WRAESBERNERRE RSN ERA I REER TR A%
A AFARBRENBFTRRESEERS.

FERRIHAMWE RV REREFRAF R EMHK TR RA R L TR,

BFXRF H kA
2005 4 5 A



Al o d:ok)

BUMBEAXBEFEDRA —IABEER., AXBLWERES —RREAT, L —
FEHERABEHMEEAMNEHL, IATREHERMEIRRNRY A - FEUR
MR R, RERAM BN EA LR FELASFHARNEE, BHTE MR H
TRFEGBEFLENEALS, wELRERERZAMR, B MY wE M0 5o
H.ENAEEMN LA, ERERFH.

“BEMBERE I AT EAFAEMNE T VAR R B AREBNET  E5 4
THREAHBA YR ARy EEEEAMUELR I AP EAEAEAMBRELENELR
iR,

KH 2 A £EMME T k¥ Shan Somayaji #% 3% 4 ¥ ¥ Civil Engineering Materials (% 2
BOWERMD FHBN, FRE—AEHRTENEET AL AHEM, KRR T HFRBZAM A
YERFENHER RN EHM R A AEI I LRSI WRAERA NESREATHFER AL
RBH AEFSHE BN, TRFAFERER. RERMAT —B5REWAEFE ALHE
RREEVEREFAERERUABRANANE BT —LLEERHSAHBTONE. 28204
TEEUENFEAMBRE R F RGN R HRTERN BRI A KREMNRR
BL MM AN FERABRRAWAR S s En Iy, AR T EMNS
HEX %,

EBMTUEIAFARIATIRE AMIRE FKEIR. IREEMBERNESZ L LN E L
EREEBAMN XL LA ERENEB B, LTHEABA IR AT BAREIRARA
REEL S,

HTFEREAEARPHFR AL ZRERRR B AEZFSRATERZMIFRE.

&) 3% A
2006 5 5 A FiHERE



Preface to the rewritten Edition

This text was written originally by Mr. Shan Somayaji of California Polytechnic State
University in San Luis Obispo and published by Prentice Hall, USA. Higher Education Press
of China would offer Chinese students some texts written in English to spread their knowl-
edge. This book is recommended because it is a very practical text for the students in the junior
year. The text is rewritten based on the standards and practice in China.

Although a great deal of care is taken to see that the details are current, noncontroversial,
and free of error, it is natural to expect errors and omissions due to the vastness in scope and
breadth of this material. The author would be very grateful if these are brought to his notice at
the following address:

School of Civil Engineering

Tsinghua University

Beijing 100084

The author also wishes to acknowledge the valuable contributions of Prof. Wang Lijiu of
Dalian University of Technology, whose insightful comments in reviewing this manuscript are

greatly appreciated.

YAN Peiyu



Contents

Chapter 1 Introduction 1
1.1 Materials and Methods—A Historical
Perspective 1
1.2 Civil Engineering Materials 4
1.3 Properties of Engineering Materials 5

1.3.1 Forces, Loads, and Stresses 7
1.3.2 Strain 11

1.3.3 Stiffness 12

1.3.4 Ductile and Brittle Materials 16

1.4 Selection of Materials 19
1.5 Standards 21
Problems 23
Chapter 2 Aggregates 24
2.1 Types of Aggregates 24

2.1.1 Based on Source or Method of Manu-
facture 25

2.1.2 Based on Size 27

2.1.3 Based on Density 27

2.2 Properties of Aggregates 30
2.2.1 Specific Gravity and Moisture Con-

tent 31

. 2.2 Bulk Density and Voids 36

.2.3 Modulus of Elasticity and Strength 37

.2.4 Gradation and Fineness Modulus 38

2.2.5 Other Properties 43

Problems 46

N NN

Chapter 3 Concrete and Other Cementitious
Materials 47
3.1 Introduction 47
3.1.1 Various Cementitious Materials 47

3.1.2 Uses of Concrete 48
3.2 Cement 50

.2.1 Hydraulic Cement 51

3.2.2 Nonhydraulic Cement 52

3.3

w oW W W W

3.4

Portland Cement 54

.3.1 Manufacture 54

.3.2 Cement Chemistry 56
.3.3 Fineness 58

.3.4 Strength of Cement 58

.3.5 Consistency of Cement 59

Hydration 60

3.4.1 Setting 60

3.5

.4.2 Hardening 61

Properties of Concrete 63

.5.1 Properties of Fresh Concrete 65

. 5. 2 Factors Affecting Consistency and

Workability 69

.5.3 Segregation and Bleeding 70

Mixing, Placing and Curing 71

.6.1 Pumping and Placing 74
.6.2 Finishing and Types of Finishes 76

3.6.3 Curing 77

3.7

w W w W

3.8

Properties of Hardened Concrete 83

7.1 Compressive Strength 84

.7.2 Tensile Strength 92

.7.3 Flexural Strength 93
. 7.4 Stress-Strain Diagram and Modulus

of Elasticity 94

.7.5 Shrinkage 97
.7.6 Creep 106
.7.7 Carbonation 107

Durability 107

.8.1 Alkali-aggregate Reaction 108
.8.2 Sulfate Attack 109



3.8.3 Freeze-thaw Cycle 110
110

Mix Proportioning and Design 112
3.9.1 Mix Design 113
3.9.2 Mix Design Procedure
3.10 Admixtures 120

3.10.1 Chemical Admixtures
3.10.2 Mineral Admixtures or
125
Types of Concrete
3.11.1
3.11.2

3.8.4 Corrosion

3.9

115

120

Pozzolans
3.11 130
130

Prestressed and Precast

131

Reinforced Concrete

Concrete
3. 11..3 133
3.11.4

3.11.5

Fiber-reinforced Concrete
135
High-strength and High-perform-
137
Other Cementitious Materials
L1201 139

Lightweight Concrete

ance Concrete
3.12 139
Plaster and Stucco
141
142
142
143
Pervious Concrete and Cement-
bonded Particleboard 144
144
Chapter 4 Masonry
4.1

.12.2 Mortar

.12.3 Grout
.12.4 Shotcrete

Soil Cement

w w w W w w

Problems
146

Masonry Units 149
4.1.1 Clay Bricks and their Manufa-
cture 150
Sizes of Bricks 153

Properties of Bricks

4.1.2
4.1.3
4.1. 4

153
Concrete Masonry Units 155
Mortar, Grout and Plaster 157
4,.2.1 158

4.2.2 Mixing and Properties of

159
Grout and Its Uses

163

Lime Mortar

Mortar
4,2.3
4,2.4

162
Plaster

L

4.3 Properties of Masonry 164
Problems 168

Chapter 5 Wood 169
5.1 Structure of Wood 169

5.2 Types of Wood 170

5.3 Physical Properties of Wood 171

5.3.1 172
5.3.2 Density and Specific Gravity

Moisture Content

173
Shrinkage and Seasoning 175

5.4.1 Shrinkage 175

5.4.2 Seasoning 177
Treatment and Durability

5.5.1

177
179
Mechanical Properties and Allowable
Values 180
Wood Products
5.7.1 Glulam 186
5.7.2 Plywood 188
5.7.3 Other Panel Products
5.8 Creep 192
193
Bituminous Materials and Mix-
195
Tars and Pitches
Asphalts 197
Petroleum Asphalts
6.3.1 Asphalt Cement 199
6.3.2 Cutback Asphalts 199
6.3.3 Emulsified and Blown Asphalt
201

Decay and Destruction

184

190

Problems
Chapter 6

tures

6.1

6.2

6.3

196

197

200
6.4 Properties of Asphalt
1 Consistency 201
Specific Gravity 204
Durability 204
Rate of Curing 205
Resistance to Action of Water
205
Temperature Susceptibility

208

205
Ductility and Adhesion

N O e W N

206

(= I e e e e N P I« = )

8 Hardening and Aging
Asphalt Grades 208

6.5.1 Viscosity and Penetration

6.5



6.

Grading 209

.5.2 Performance-based Grading 211
.5.3 Cutback Asphalt Grades 212

Asphalt Concrete 213

.6.1 Aggregates 214
.6.2 Types of Asphalt Concrete 216

Asphalt Pavement 218

.7.1 Elements of Flexible Pave-

ment 219
7.2 Stabilization 221

6.8 Spray Applications 222

6.9 Testing 224

Problems

229

Chapter 7 Iron and Steel 230
7.1 Cast Iron and Wrought Iron 231

7.2 Steel Products

234

7.3 Properties of Steel 236

7.4 Structural Steel

239

7.5 Reinforcing Steel 242
7.6 Welded Wire Fabric 244

Problems

246

il e



= e o

£1E 3578 1
1.1 H#fFrEr—hALeuE 1
1.2 hATAHH 4
1.3 TAEHHegEE 5
1.3.1 hgE&mpA 7
1.3.2 A& 11
1.3.3 RiE 12
1.3.4 sy mpEtEs e 16
1.4 #MHegiesd 19

1.5 #7421
FAa 23
g2 BH 24

2.1 RHuFE 24
2.1.1 HEREME&TESE 25
2.1.2 #Hmpaygk 27
2.1.3 fmmEmESLE 27
2.2 FHemm 30
2.1 wEMGEE 31
2.2 wREmEMER 36
2.3 mvEERAEE 37
2.4 RS 38
.2.5 Hibtede 43
Pl AR 46
@iz BELTMHEHMAKEEMR 47
3.1 3l% 47
3.1.1 &RokREME 47
3.1.2 BELWHE 48
3.2 Jkik 50
3.2.1 KEEVEREEME 51
3.2.2 SEEMEREEEMR 52
3.3 #BEKR 54
3.3.1 flEd® 54

N NN NN

3.4

3.5

3.8

3.9

w W W w

.3.2 KEBHE 56
.3.3 4 S8

3.4 KWBHIRE 58
3.5 KkEBHFEE SO

KA B 60

3.4.1 w4 60

w

w W W W

wo W W
94 N 9 N N NN
P> S, B OCR -

w W w

4.2 L 61

L egkgk 63

5.1 BB EMERE 65
5.2 BWEHIREE L B TR

HE 69

5.3 EHTAIMmAK 70

A BAREF 71

6.1 FEMBR T4
6.2 WETFSHEE 76
6.3 Fyr 77

AR ey tede 83

1 yuEmwRE 84

PrfbsgE 92

wyTERE 93
REA-REE X R AR 94
g 97

%A 106

ik 107

wf Aok 107

8.1 m-EkER 108
8.2 mimi@Em 109
.8.3 VRREIF 110
8.4 g mMm 110

Rk £ ALkt 112

3.9.1 P&kt 113

9.2 EAHBGTEAE 115



3.10  $FAe 120 5.4.1 g 175

3.10.1 fe%4hmzm 120 5.4.2 WF 177
3.10.2 F @IS MM A K MR 125 5.5 MmIfedti M 177
311 REEeER 130 5.5.1 ML 179
3.11.1 #ARE+ 130 5.6 AFHFEMAFME 180
3.11.2 BN HiREE+MWMARE+ 131 5.7  AR#MHlsm 184
3.11.3 H#EMmERE+ 133 5.7.1 BHEMH® 186
3.11.4 ®RiEE+ 135 5.7.2 BEEM 188
3.11.5 HmMpEEEL 137 5.7.3 HAiARH 190
3.12  HEAKRREAMH 139 5.8 & 192
12,1 ERMEF 139 AR 193
3122 Bk 141 F6E NEMBSHERAR 195
3.12.3 MHkHK 141 6.1 HRafHhBHEF 196
3.12.4 mishEE+ 142 6.2 #HA 197
3.12.5 +HEREfbw 143 6.3 ZwmHE 197
3.12.6  JCHMIR ¥ + A0k U8 B Ak KA 6.3.1 HiFUHE 199
w144 6.3.2 WEEFHEHE 199
1A 144 6.3.3 FAWEMEABEEF 200
Ea4E WEHE 146 6.4 BmESHMBE 201
4.1  BAKMAH 149 6.4.1 Mg 201
411 REREEAMBELRE 150 6.4.2 WE 204
412 BMR+ 153 6.4.3 WAk 204
4.1.3 FEEER 153 6.4.4 MBKE 205
4.1.4 RBEE+mH 155 BAS w20
4.2 BEIBRERRTF 157 6.4.6 SEYEFIMRMHE 205
4.2.1 FKRB¥ 158 o giiiﬁ ;g:
6.4.8 k
izz iﬁﬁi;ﬂiiﬁljg 6.5 BHEGSA 208
Cod mr 163 6.5.1 Kitkf4 AE 209
6.5.2 ETFHEMNLE 211
1.3 Ak 164 6.5.3 WMEBHHNAE 212
FA 168 6.6 WHERAHM 213
BSE A# 169 6.6.1 K 214
5.1 RM###H 169 6.6.2 WHEAKMAAE 216
5.2 RMeFFE 170 6.7 BEZFH 218
5.3 AMeymBEMKFE 171 6.7.1 FTHEEHAR 219
5.3.1 #mE 172 6.7.2 FEM 221
5.3.2 WEMHE 173 6.8 wiik 222
5.4 MEMRF 175 6.9 KB 224

° 4l e



E A 229 7.4 MMM 239

mT= $e 230 7.5 MM 242
7.1 HHM#e 231 7.6 BRBEMHMN 244
7.2 M 234 Fl AR 246

7.3 4RI 236

il ¢



Chapter 0
Introduction

Civil engineering consists of the design, construction, maintenance, inspection, and man-
agement of characteristically diverse public works projects, from railroads to high-rise build-
ings to sewage treatment centers. Their construction may be under or above ground, offshore
or inland, over mile-deep valleys or flat terrains, and upon rocky mountains or clayey soils.
The thought that all these creative efforts are made possible through the marvelous innovative
spirits of civil engineers is in itself comforting and appealing, as well as challenging for pro-
spective civil and construction engineers. The gigantic achievements of the past stand as a
flashing beacon to promote the potential of civil engineering.

Although the profession of civil engineering per se is of fairly recent origin—the American
Society of Civil Engineers (ASCE), the oldest national engineering society in the United
States, was founded in 1852—the work of civil engineering is as old as humankind. The most
ambitious and historically significant projects throughout the history of civilization were accom-
plished to satisfy the fundamental human needs for transportation, water, shelter, and disaster
control. Nonetheless, the systematic approach to planning for the community’s future, by

training young minds professionally in all facets of civil engineering, is quite new.

11 MATERIALS AND METHODS—A HISTORICAL
PERSPECTIVE

At the core of civil engineering rests the investigation of materials and methods that can
satisfy the needs of the community. For example, shelter is provided for through housing;
dwellings are built in accordance with a method that is appropriate for the material selected,
the method of construction changing with the material.

Remnants of the methods and materials of civil engineering can be found in plenty among
the records of ancient civilizations. In addition to Fighting wars and conquering other king-
doms, rulers all over the world were involved in constructing facilities and building programs
that catered to the public spirit. The first Babylonian dynasty of King Hammurabi (c. 1800 B.
C.) initiated sweeping reforms and construction programs that were documented in contempo-
rary manuscripts. King Sennacherib of Assyria (c. 700 B. C.), who was called a great engi-
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neer-king, built a dam across the river Tebitu, and from the reservoir thus created constructed
many canals. The canal walls were built from cubes of stone and the canal floor had a layer of
concrete or mortar under a top course of stone to prevent leakage. Nearly all Mesopotamian
cities around that time were paved with slabs of stone and brick. The first emperor of the Chin
dynasty in China, between 259 and 210 B. C., started the building of the Great Wall for pro-
tection from the Huns. The great Roman emperor Constantine I, after his conversion to Chris-
tianity, built the city of Constantinople and dedicated it as his capital (A. D. 330).

The handling of materials in construction necessitated proper tools. Stones had to be cut to prop-
er size and shape before they could be used to build masonry. Trees had to be felled, cut, and shaped
before they could be used in construction. Soil and mineral deposits had to be dug up prior to making
bricks and cement. Metals provided the base material from which tools could be fashioned, making it
possible to advance public work facilities with relative ease and safety.

The use of metals came in before 4000 B. C. with the advent of native copper— which was
naturally occurring—for ornaments and utensils. During this period, it was learned that heat
softens metals, promoting the technique of forming. The period 3000-1000 B. C. is known as
the Bronze Age, due to the increased use of bronze, the first manmade alloy, formed by mixing
molten copper and tin. Around the same time, elaborate techniques were developed for form-
ing gold and silver jewelry. Following the Bronze Age came the Iron Age. Iron ore—mostly
iron oxide—was heated in a charcoal hearth. The carbon in the charcoal reacted with the iron
oxide, releasing carbon dioxide and producing a spongy mass of iron. Pure iron has a high
melting temperature of around 1600°C. Though facilities for melting at this high temperature
were not yet available, iron containing large amounts of carbon could be melted and cast into
shapes, marking the origin of cast iron.

History shows us that ancient engineers were innovative and efficient in terms of the materials
they chose and the methods of construction they employed. Sumerians, for example, around 3000 B.
C. , built houses with mud bricks joined by locally available bitumen. They are supposed to have con-
structed 5. 4 m thick walls along a circumference of about 9. 6 km to provide refuge for people and cat-
tle. Mesopotamians built mud-brick huts without windows to keep out the sizzling heat of the summer
sun. People in south India and Sri L.anka had houses made of wooden frames and removable reed mat
for walls. Such houses, which are cheap and practical, are still being built.

Historical sites and ruins show us the skills of ancient builders. During the period of the
Eastern Chou Dynasty in China, 770-250 B. C. , a number of cities were built, usually rectan-
gular or square in a north-south axis, surrounded by double walls and a moat. At Harappa and
Mohenjo Daro in Pakistan, along the rich alluvial banks of the Indus river, are the remains of
two large and expertly constructed cities dating back to 3000-1500 B. C. The cities were
planned around a central citadel and constructed of good quality burned bricks. Elaborate mu-
nicipal drainage and complex irrigation systems were without parallel during ancient times. Re-
mains of domestic utensils and jewelry made from carved ivory, silver, copper, bronze, and
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earthenware indicate a well-developed technology of metals.

The Assyrians of Mesopotamia around 1100-750 B. C. knew how to construct buildings
that could not be destroyed by fire. The building walls were made of stone, so that the fire
burned off only the roof. One of the most important technological discoveries of ancient engi-
neers—which brought revolutionary changes to twentieth-century civil engineering construc-
tion—was the introduction of hydraulic cement by the Romans, around 145 B. C. They discov-
ered that the local sandy volcanic ash, when added to lime mortar, made a material that became
as strong as rock when dried. They called this mortar pulvis puteolanus, and used it for gigan-
tic endeavors like the Colosseum, and to build aqueducts, bridges, and roads, some of which
are still in use. Their standard roads were 4. 5 m wide and had a 1. 2-m deep foundation formed
of layers of stone, rubble, and concrete, and were topped with a surface of concrete, stone,
and powdered gravel. Underground sewage facilities were installed because their cities were lo-
cated in valleys between sharp hills. The walls of their buildings had thin facings of brick,
stone, or marble. They built apartment houses of five or more stories, and provided public la-
trines that were flushed with water delivered from baths and industrial establishments. The
Romans are also credited with building semicircular arch bridges using stones.

In Patiliputra, India, the houses around 300 B. C. were constructed of wood, and to pro-
tect them from fire an elaborate system of fire protection was enforced. Records show the con-
struction of suspension bridges held by iron chains. Ingots of steel made in India were taken to
Damascus, where they were converted into sword blades.

The historical records available all over the globe show us that the basic materials used in
construction were either derived from the earth or made from plants. Every continent of the
world possesses three basic types of surface characteristics: hard crystalline rocks, such as
granite; mountainous belts of folded sedimentary rocks; and plainland basins filled with sedi-
ments. This means that the core of civil engineering construction or material technology is the
same in every part of the world, though different materials have been used in different places,
depending on the local availability and need.

In Mesopotamia, for example, the most abundant natural resource of the land was mud.
Hence the city walls were made of clayey mud. Molding the clay into bricks made it possible to
build straight walls without visible weak spots. The brick mold is believed to have been a Su-
merian invention—around 3000 B. C. —and the use of molds made it possible to manufacture
bricks that were flat on all six sides. The bricks were dried from a few days up to 5 years de-
pending on the strength required. But independent of the extent of the drying period, the
bricks softened and crumbled when they became wet. This led to the discovery of a new kind of
brick— burned brick. The chemical changes in the clay during burning resulted in strong and
durable bricks. But these bricks were costly due to the scarcity of fuel, and thus were em-
ployed only for the outside of important buildings.

Egyptian temple buildings had stone-paved floors supporting colossal (hollow) stone col-
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umns, holding up the loads from massive stone lintels. Stones were used exclusively in temple
buildings and for tombs, for the Egyptians considered a tomb a house of eternity and a temple
a house of a million years. In contrast, the houses for people—mortals—were built of mud and
wood, and thus were not durable. The vast cedar forests of Lebanon supplied timber to Egypt
and Mesopotamia, which had little good building timber of their own. Assyrians made use of
swamp reeds as structural material for house construction. A bundle of reeds tied together
served as a pillar to hold up a house of light construction. In building construction, the post-
and-beam framing technique using timber owes its development to the Greeks. Into the Medi-
terranean basin they brought a tradition of using wood, featuring a sloping and pitched roof.

In the Babylon of King Nabopolassar, around 600 B. C. , double city walls were built, the
space between outer and inner filled with rubble, generally up to ground level. The Ishtar Gate
of Babylon, built during the rule of King Nebuchadrezzar, around 580 B. C. , was finished with
enameled bricks, of blue for the towers, and green and pink for the connecting walls. The
Babylonian roads were paved with massive stone blocks set in asphalt. Geologists have identi-
fied a 12-km stretch of road paved with slabs of sandstone and limestone, about 69 km south-
west of Cairo, Egypt, that may have been the world’s first paved road, built roughly 4600
years ago, and used to transport heavy stones for the building of the pyramids.

This brief historical perspective on materials and methods of civil engineering shows that con-
struction materials were, for the most part, of native origin and satisfied environmental compatibility
as well as financial constraints. This statement applies to most (but not all) of the basic materials
used in today’s civil engineering facilities. Advances in engineering techniques, resource constraints,
and cost-cutting measures are responsible for the introduction of a significant number of new materials
into today’s construction market. Although it is beyond the scope of this basic textbook on the prop-
erties and use of materials in civil engineering or construction, the aspect of material selection, is cen-
tral in importance. The choice of a construction material should be made only after a detailed review of
its long-term performance, its potential to effect the durability of other materials in the structure, and
its environmental compatibility. For example, asbestos may appeal as a good construction material due
to one or more favorable properties—fire resistance, in this case—as well as for financial reasons, but
its long-term potential to cause environmental hazards and human discomfort must outweigh the im-

mediate utility and financial dividends.

12 CIVIL ENGINEERING MATERIALS

The basic materials used in civil engineering applications or in construction projects are:
* Wood

¢ Cement and concrete

¢ Bitumens and bituminous materials

e Structural clay and concrete units
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* Reinforcing and structural steels

These are sometimes called structural materials. Added to these are plastics, soils, and
aluminum. All these materials are employed in a variety of civil engineering structures such as
dams, bridges, roads, foundations, liquid-retaining structures, waterfront construction,
buildings, and retaining walls. The basic materials most common to highway construction are
soils, aggregates, bituminous binders, lime, and cement.

Wood is derived from trees, and can be put to use directly, as pieces of lumber cut from a
log, or as a raw material in the manufacture of various wood products or manufactured compo-
nents. Plywood, glue-laminated timber, and oriented strand-board are some of the wood prod-
ucts most commonly found in the construction of buildings and bridges.

Concrete is one of the most common construction materials, in which Portland cement is
the essential ingredient. Portland cement (and other types of hydraulic cement) is also a key
ingredient in the manufacture of many other cementitious products, such as masonry blocks,
soil-cement bricks, and plaster. In combination with other materials, such as reinforcing bars,
polypropylene fibers, and high-strength strands or wires, different types of concrete are pro-
duced, such as reinforced, fiber, and prestressed concrete.

Bitumen, which comes in a variety of forms, is mixed with other raw materials for the
construction of pavements, roof shingles, waterproofing compounds, and many other materi-
als. Structural clay and concrete masonry units, commonly called bricks and blocks, are the
principal elements in the construction of masonry walls. Structural steel, which is fabricated in
many forms and shapes, is employed in the construction of railroad ties, high-rise buildings,
roof trusses, and many more structural elements.

These basic materials or products are selected for their properties, performance, availabil-
ity, aesthetics, and cost. Knowledge of all these aspects is essential in selecting a suitable ma-
terial for a particular situation.

In addition to the materials mentioned above, there are a significant number of secondary
construction materials common to engineering projects. Sealants, adhesives, floor and wall
coverings, fasteners, and doors and windows fall into this category. Most of these, also called

nonstructural materials, are chosen based on quality guidelines and aesthetic considerations.

1.3 PROPERTIES OF ENGINEERING MATERIALS

Materials for engineering applications are selected so as to perform satisfactorily during service.
The material for a highway bridge should possess adequate strength, rough surface, and sufficient ri-
gidity. A water-retaining structure would be built with a material that is impermeable, crack-free,
strong, and does not react with water. A road surface needs such materials that show little movement
under the impact of loads, are water-resistant, and are easy to repair.

Performance requirements, or property specifications, are not the same for all structures or
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