)4} 4 & K

www.sciencep.com




P EMN RIS R IR EFRE RSB RIRILAA B

éﬁ%ﬁ%%%ﬁi#lﬁ%iﬁ@%ﬁ%ﬂ%ﬂ%ﬁ

PRELA,

L

FARTRER L RIE

R EH
& F W

4 5 % K &

-



N B &N T

EHHEARTRLUNE. AREHE. NE.BEMN MK TESH
B GWT MEH IATEREL . HERRGERSHRSTE.

FEATENBIRELRTRL VARSI ENERIRE
BERAREIRUKEBEZSEHS,

EBEESE (CIP )¥iB

TATIELLIE/PHREES . — L. B R, 2005
(2 B 0 W B B oAk TR 238 BT R UM R B0k
ISBN 7-03-015519-X

L. fee 1. H- K. EATE-EF-HEER-BH  V.H3L
P E A EBE CIP HI|WBF (2005058 047557 B

FEGR . EXF THR/ T2 40k %
FHEAH . AR/ HBR I HER T #E

R B BN S
AHFRRIALE 16 5
BB ,100717

http, //www. sciencep. com

ERIERM T IR
BEUEHRT SMFEBEoH

*

2005%F7THE — M FFA.787X1082 1/16
200S5ET A E— AR B9, 15
Eng:1—3 000 FH:355000

EH:21. 00 5T

(o B 36 I B 1) A, o 1 FE iR 66 it 4an))
HEMBEIE 010-62136131 HBEAFLIE 010-62137026(HA03)



2ETEEFRRLTARITIEXTHEIFE
R IR KN 44

EE

= £ £ #

BIERE @smxzEs
B = BEX% EXF

WPK KEH

£ A GEREEHP
BRI BHRR XNLWH AHA FER
KX KER KIXF & &2 A =
RFE # Z HEx BEXE §4F
BEE BHN HRF EXF FEA
E %



m

Bl

FTWRERA¥RFHRFH - NERLART L, RRI\FENZAMNKE
BEIARIETEANERER. FATLIETURFRFEUENT
R E A Fa R R T

AEHHROABAE: % AAMH. WE. ITREHTR. &4
Rit. WEM. RARBELEH. TN ARELEH. tATEET. Ko
TH#. mEAA. SRIHR. ITEEHE. HENELATRYRER. #
WKERETH. BIAFIIAREMN, FANFTRTURZNERBLIATES
YERAWREEL ARG LR WARERE, TETURAERE V&R,
T KA JE W T TAEAT T R 2l

2%l 50 BRXAK, £F 30 REXHSEFX. AFEME, K
AEE, BEAN, EEY, ETH¥,

AHHAIMEIAFTHBEEEH, SWESHHETLN. BES.
NEE. AFMBRELVYAFRFEMLEF,

MTREXFHAR, FFPREALRPRZZL, RiE) REX#ITF
& IEo



Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson

Lesson

O 00 NN OO s W=

W W W NN NN NN DNDNDNDNDND & = = e -
N = O© © 0 N O O & W N = O W 0 O G & WM = O

Slmple Stress and Strain ................................................................ seesrecetatetiinceinie 1
Stress_Strain RelationShip ofMaterials eesrerniiseasteiiitssetttttitstitetitint ettt ttatasiaae 5
Beams sorreeeerrererneeeeratiniiteiiiianiiieiiia, L 8
DUrability of CONCrete -+ swssesserssersesssrssmssussssssssssissssssssssnees srreesreesnsnseneas 13
Reinforcing Steels for Concrete ................................................................ decersnnes 17
Congcrete BlOck rotreseerererereretiiniiiiiiiiiiiiiiiiicniiieienieitiieriestestiies -+ 20
The Choice of Bu11d1ng Materials ...................................................................... 23
Surveying Engineering - s swssesssesseens [ everesresserornneriene perenenens 27
Loading Conditions T T U TP RO PRI O TP PP PPPI PP POPRR PP 30
Loads on Building FOUNations - -+ wsssssssmsssssisssssssssnssorssneisnisssemsmessisssess 33
Loads, Strength, and Structural Safety « -+ +sssessersssssisissssiesinsisiennisnns 37
Design of Simple STrUCHUIES -+ +esessessrssrssesersarisnssnnstintiss st 40
Structural Analysis -+ seerereessssnninisi s reeesrprenesaes 43
Safety of StruCtures -+ ++sssssessssessessnes e e 46
Structural Reliability-- - +s+ssssseesesssssmmssmmstsiiiertitiii e 49
Properties Of StruCtural Steel -+ -+ wwssrersserusrsimsssissscemmesiiesmmssersisserssssessassssas 52
Steel STUCHULES -++w+:+erererestsnssrstssssmstinistiee e §6
Design of Steel Members -+ svsersersresmssssiiesiestiniinnt s 59
ReINTOICEA COMOTELE +++++++orserrrrsrersressensrrerrrstissuisstssstssresrtssstssssencessssnsessessesassssees 62
COLUITIIIS +++++++++++++e+vrsssrsrressasstasssressassesssesnessaonsrestastrssersssesstssssessonnrensesstensesseessenn 65
Flexure of Reinforced CONCIete Beammis -+« st-tesrererereseresessssersrenererssssnsasens 68
Reinforced CONCIEte SITUCIULES -+--+s-+rerressrorsesstrssessserssesrtsssressesstesseoseossesssessans 72
Prestressed and Partially Prestressed Concrete Members: - eeeeeeeescsnsvnan. 76
Full Versus Partial Prestressing Concrete - ettt 79
Conveying, Placing, Compacting, and Curing of Concrete - --ssseesserececenen. 81
Foms ................................................................................................................ 83
BATtRWOTK «+o++r+rereeerarrressrrrrreninmrcteetiitseeinrisanesssstssssssneessserssesenessesassssnnsesssenes 87
Planning TeChRiqUes -+ -+ w-sssrersssressssmssssissserssssisneesssetsissseissessssssesssssssssssenss 90
Scheduling and Control Of CONSIIUCHON «+++++++++-++++erssseersssersssssssssssssssssnssisnses 93
Quality Control and Quality ASSUTANCE:+-++++---sssrsrsssecrrersrmmsssessssssssssssnsssisannes 96
Tests on Completion and Employer’s TaKing-Over::+---ssw-ssseesressssesesseessanecs 99
Plant Management ++-++++++ssssssssens esermneeseeeeiieteene e nnnreese st ren e e e se b aass e sos s raaees 102



Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson
Lesson

Lesson

iv

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

SOll Mechanics in Foundation Engineering .................................................... 105

Introduction to Geotechnical ENgineering -+ - -+s-ssseesseessserssecsssrsssrssnsins 108
FOUNAAEIONS +++++++++errrrerereessrmssnrinsteiiseseessaneesssassstaessssessessssesssseesseessesssneesesessns 112
Footings and FOundations -+ ssessismremnmneressisistsssansssei s ssssasaes 115
PilEs --ceeoveeermeerrnrmsrinentii ittt s e e st e e ra e et e e sre e ar s s ene s et asaeaneneeseneenans 118
Tall BUilding StrUCHUTE =+ ++srsssseserreseessirisiisesienctsisetsesstsisssnsssissnssesssscsenaes 121
Design Criteria for Tall Buildings -+ -sssesseesseeseveirmnesssciscsnsrssnsssssisianns 124
Flexible Pavement Design -+ -+ +sreerrrssesiusisseusiuniinisrsmssissssssssssssssssessssseas 127
Bridges: +++sseererrsssmsrssieinii e s Crenereeeteeerees 131
Bridge Types s sessesesseessmsstinriiisiniicienisee sttt ea e 133
Prestressed Concrete Bridges ......................................................................... 136
Bidding, Bid Opening and Award of COntract: - --sssssssssssersssessessessceses 139
Company OTganization «++«+-«-s-sesrersessrimecssissiastssssisseseseses s sssesssssesecnes 142
Contract Price and Payment:+ -+ wseseesersesmismninsinsiisissssessssesssssssssesecsense 146
CONTACIUA] DOCUIMEIILS +++++++rre+sesrtsressussressasasmersuesnacnsessessesssessessesesessnsssesnas 149
Three-Dimensional CAD Modelg: - -sreesrrerssrrcsermrserossiracreecessnssassssssseseneens 152

" How to Write a SCIentific Paper -+ -+ sreessrmssmscinmisensesssisssssssssssesssseenns 155
Introduction to Technical WITting: -+ ++ssrrseersseurisssesmserenssisssssssrsnsisnssn s 159

.......................................................................................................................... 163

.......................................................................................................................... 191

.......................................................................................................................... 232



Lesson 1 Simple Stress and Strain

In any engineering structure the individual components or members will be subjected to
external forces arising from the service conditions or environment in which the component
works. If the component or member is in equilibrium, the resultant of the external forces will
be zero but, nevertheless, they together place a load on the member which tends to deform
that member and which must be reacted by internal forces set up within the material.!!

- There are a number of different ways in which load can be applied to a member. Loads
may be classified with respect to time: , .

(1) A static load is a gradually applied load for which equilibrium is reached in a
relatively short time.

(2) A sustained load is a load that is constant over a long period of time, such as the
weight of a structure (called dead load). This type of load is treated in the same manner as a
static load; however, for some materials and conditions of temperature and stress, the
res1stance 'to failure may be different under short time loading and under sustained loading.

(3) An impact load is a rapidly applied load (an energy load). Vibration normally results
from an impact load, and equilibrium is not established until the vibration is eliminated,
usually by natural damping forces. ‘

(4) A repeated load is a load that is applied and removed many thousands of times.

' (5) A fatigue or alternating load is a load whose magnitude and sign are changed with
time.

It has been noted above that external force applied to a body in equilibrium is reacted by
internal forces set up within the material. If, therefore, a bar is subjected to a uniform tension
or compress1on i.e. a force, which is umformly applied across the cross-section, then the
internal forces set up are also distributed umformly and the bar is said to be subjected to a
uniform normal stress, the stress being defined as'®

load B £

stress(o) =
area A

(D

Stress ¢” may thus be compressive or tensile depending on the nature of the load and will
be measured in units of newtons per square meter (N/m?) or multiples of this.

If a bar is subjected to an axial load, and hence a stress, the bar will change in length. If
the bar has an original length L and changes in length by an amount JL , the strain produced
is defined as follows: -~ - :

strain(g) = change in length _dL

2
original length L @)
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Strain is thus a measure of the deformation of the material and is non-dimensional, i.e. it
has no units; it is simply a ratio of two quantities with the same unit."®!

Since, in practice, the extensions of materials under load are very small, it is often
convenient to measure the strains in the form of strain X 10_6, 1.e. microstrain, when the
symbol used becomes u¢ .

Tensile stresses and strains are considered positive in sense.) Compressive stresses and
strains are considered negative in sense. Thus a negative strain produces a decrease in length.

A material is said to be elastic if it returns to its original, unloaded dimensions when load
is removed. A particular form of elasticity which applies to a large range of engineering
materials, at least over part of their load range, produces deformations which are proportional
to the loads producing them. Since loads are proportional to the stresses they produce and
deformations are proportional to the strains, this also implies that, whilst materials are elastic,
stress is proportional to strain. Hooke's law therefore states that

stress () o< strain (€) ' : 3)

This law is obeyed within certain limits by most ferrous alloys and it can even be
assumed to apply to other engineering materials such as éoncrete, timber and no'ti-ferrous
alloys with reasonable accuracy.”!

Whilst a material is elastic the deformation produced by any load will be completely
recovered when the load is removed; there is no permanent deformation.

Within the elastic limits of materials, i.e. within the limits in which Hooke's law applies,
it has been shown that " |

Stress

— = constant ‘ 4)
strain

~ This constant is given the symbol E and termed the modulus of elasticity or Young's
modulus. ‘ A

Thus g=3ress _o | )

strain &

Young's modulus E is generally assumed to be the same in tension or compression and
for most engineering materials has a high numerical value.'® Typically, E= 200 X 10° N/m? for
steel, so that it will be observed from Eq. (5) that strains are normally very small.

In most common engineering applications_strains rarely exceed 0.1%. The actual value
of Young's modulus for any material is normally determined by carrying out a standard test on
a specimen of the material.
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Lesson 2 Stress-Strain Relationship of Materials

The satisfactory performance of a structure is frequently determined by the amount of
deformation or distortion that can be permitted. A deflection of a few thousandths of an inch
might make a boring machine useless, whereas the boom on a dragline might deflect several
inches without impairing its usefulness. It is often necessary to relate the loads on a structure,
or on a member in a structure, to the deflection the loads will produce. Such information can
be obtained by plotting diagrams showing loads and deflections for each member and type of
loading in a structure, but such diagrams will vary with the dimensions of the members, and it
would be necessary to draw new diagrams each time the dimensions were varied. A more
useful diagram is one showing the relation between the stress and strain. Such diagrams are
called stress-strain diagrams. ’

Data for stress-strain diagrams are usually obtained by applying an axial load to a test
specimen and measuring the load and deformation simultaneously. A testing machine is used
to strain the specimen and to measure the load required to produce the strain. The stress is
obtained by dividing the load by the initial cross sectional area of the specimen. The area will
change somewhat during the loading, and the stress obtained using the initial area is obviously
not the exact stress occurring at higher loads. It is the stress most commonly used, however, in
designing structures. The stress obtained by dividing the load by the actual area is frequently
called the true stress and is useful in explaining the fundamental behavior of materials. Strains
are usually relatively small in materials used in engineering structures, often less than 0.001,
and their accurate determination requires special measuring equipment.

True strain, like true stress, is computed on the basis of the actual length of the test
specimen during the test and is used primarily to study the fundamental properties of
materials. The difference between nominal stress and strain, computed from initial dimensions
of the specimen, and true stress and strain is negligible for stresses usually encountered in
engineering structures, but sometimes the difference becomes important with larger stresses
and strains.

The initial portion of the stress-strain diagram for most materials used in engineering
structures is a straight line. The stress-strain diagrams for some materials, such as gray cast
iron and concrete, show a slight curve even at very small stresses, but it is common practice to
draw a straight line to average the data for the first part of the diagram and neglect the
curvature.

The action is said to be elastic if the strain resulting from loading disappears when the
load is removed. The elastic limit is the maximum stress for which the material acts
elastically.
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When the stress exceeds the elastic limit (or proportional limit for practical purposes), it
is found that a portion of the deformation remains after the load is removed. The deformation
remaining after an applied load is removed is called plastic deformation. Plastic deformation
independent of the time duration of the applied load is known as slip. Creep is plastic
deformation that continues to increase under a constant stress. In many instances creep
continues until fracture occurs; however, in other instances the rate of creep decreases and
approaches zero as a limit. Some materials are much more susceptible to creep than the others
but most materials used in engineering exhibit creep at elevated temperatures. The total strain
is thus made up of elastic strain, possibly combined with plastic strain that results from slip,

£

creep, or both. When the load is removed, the elastic portion of the strain is recovered, but the
plastic part (slip and creep) remains as permanent set. ‘

A precise value for the proportional limit is difficult to obtain, particularly when the

transition of the stress-strain diagram from a straight line to a curve is gradual. For this reason,
other measures of stress that can be used as a practical elastic limit are required. The yield
point and the yield strength for a specified offset are frequently used for this purpose.

The yield point is the stress at which there is an appreciable increase in strain' with no
increase in stress, with the limitation that, if straining is continued, the stress will again
increase. '

The yield strength is defined as the stress that will induce a specified permanent set,
usually 0.05 to 0.3 percent, which is equivalent to a strain of 0.0005 to 0.003. The yield
strength is particularly useful for materials with no yield point.

The maximum stress, based on the original area, developed in a material before rupture
is called the ultimate strength of the material, and the term may be modified as the ultimate
tensile, compressive, or shearing strength of the material.

Ductile materials undergo considerable plastic tensile or shearing deformation before
rupture. When the ultimate strength of a ductile material is reached, the cross sectional area of
the test specimen starts to decrease or neck down, and the resultant load that can be carried by

- the specimen decreases. Thus, the stress based on the original area decreases beyond the
ultimate strength of the material, although the true stress continues to increase until rupture.
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Lesson 3 Beams

The beam, or flexural member, is frequently encountered in structures, and its
elementary stress analysis constitutes one of the important facets of mechanics of materials. A
beam is a member subjected to loads applied transverse to the long dimension, causing the
member to bend. For example, Fig. 1 depicts the shape (exaggerated) of a simply supported
beam when loaded at the one-third points.

Fig. 1 Simply supported beam loaded at the one-third points

Before proceeding with a discussion of stress analysis for flexural members, it may be
well to classify some of the various types of beams and loadings encountered in practice.!)
Beams are frequently classified on the basis of the supports or reactions. A beam supported by
pins, rollers, or smooth surfaces at the ends is called a simple beam. A simple support will
develop a reaction normal to the beam but will not produce a couple. If either or both ends of
a beam project beyond the supports, it is called a simple beam with overhang.”! A beam with
more than two simple supports is a continuous beam. Fig. 2(a), (b), (c) show a simple beam, a
beam with overhang, and a continuous beam, respectively. A cantilever beam is one in which
one end is built into a wall or other support so that the built-in end cannot move transversely
or rotate. The built-in end is said to be fixed if no rotation occurs and restrained if a limited
amount of rotation occurs. The supports shown in Figs. 2(d) and (e) represent fixed ends
unless otherwise stated.”’) The beams in F igs. 2(d), (e), and () are, in order, a cantilever beam,
a beam fixed (or restrained) at the left end and simply supported near the other end (which has
an overhang), and a beam fixed (or restrained) at both ends.

Cantilever beams and simple beams have only two reactions (two forces or one force and
a couple), and these reactions can be obtained from a free-body diagram of the beam by
applying the equations of equilibrium. Such beams are said to be statically determinate since
the reactions can be obtained from the equations of equilibrium. Continuous and other beams,
with only transverse loads, with more than two reaction components are called statically
indeterminate since there are not enough equations of equilibrium to determine the
reactions.¥

The beams shown in Fig.2 are all subjected to uniformly distributed loads and to
concentrated loads, and, although shown as horizontal, they may have any orientation. The
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deflection curves shown beneath the beams are greatly exaggerated to assist in visualizing the

shape of the loaded beam.

Fig. 2 Beams and their deflection curves

A free-body diagram of the portion of the beam of Fig. 2(a) between the left end and
plane a-a is shown in Fig. 3. A study of this diagram reveals that a transverse force V, and a
couple M, at the cut section and a force R (a reaction) at the left support are needed to
maintain equilibrium.

P/lb

wi(Ib/ft)

———————

-
S

Fig. 3 Free-body diagram of a beam portion
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The force V, is the resultant of the shearing stresses acting on the cut section (on plane
a-a) and is called the resisting shear. The couple M, is the resultant of the normal stresses
acting on the cut section (on plane a-a) and is called the resisting moment. The magnitudes
and senses of V, and M,, can be obtained from the equations of equilibrium Z F, =0 and
ZM , =0, where O is any axis perpendicular to the xy plane.””) The reaction R must be

evaluated from a free body of the entire beam.

A segment of the beam of Fig. 3 between the planes a-a and b-b is shown in Fig. 4 with
the distortion greatly exaggerated. The assumption is made that a plane section before bending
remains plane after bending. For this to be strictly true, it is necessary that the beam be bent
only with couples (no shear on transverse planes); the beam must be so proportioned that it
will not buckle and the loads applied so that no twisting occurs (this last limitation will be
satisfied if the loads are applied in a plane of symmetry —a sufficient though not a necessary
condition).[ﬂ One observes in Fig. 4 that at some distance ¢ above the bottom of the beam, the
longitudinal elements (sometimes referred to as fibers) undergo no change in length. The
curved surface formed by these elements is referred to as the neutral surface, and the
intersection of this surface with any cross section is called the neutral axis of the section. All
elements (fibers) on one side of the neutral surface are compressed, and those on the opposite
side are elongated.

a
Fig. 4 Distortion of a beam segment
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