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introduction

The words "Concrete Technology” cover a vast number of physical, chemical

and technical phenomena and processes. Explaining and describing the
technology of concrete, therefore, imply such scientific diciplines as physics,
chemigiry (inorganic as well as organic), mineralogy, and statistics,

This is the reason for the astonishing fact that in epite of its apparently simple
nature concrete has attracted thousands of scientists throughout the last decades

and has given work to a large number of research laboratories all over the

I the properties of hurdened concrete (strength,
#tiffness, volume-changes, permeability, durability,
ete, ),

1 the properties of the constituent materials (Cement,

aggregates naiucal and artificial water, admixtures,
and reinforcensent),

m the manufacturing of concrete (mixeproportioning,
batching, mixing, transportation, placing of concrete
in forms, compaction, curing under various conditions,
etc, ).

Iv the setting and hardening of concrete (structure formation,
growth of strength, heat evolution, ctc. ).




v the conirol of concrete quailly (caures of

variation, conirol caarts, cic.).

Obviously, therefore, the present few-page survey of the technology of
concrete can only be an excursion in which a few important points are gselected
for further consideration.

HISTORY

Both the Greerks and the Romans made concrete, 'They used a cement of
calcined limestone, Roman concrete was made of broken brick embedded in
a cementitious atrix consisting of lime putly mixed with brick dust or
voleanic ash,

Then through a long |« riod, concrete was so ‘o say forgotten. The first
step towards its re-intvoduction was in about 17490, when J. Smeaton in
England found that when lime containing a certain amount of clay was burnt,
it would set under water. In 1824 a dependable hydraulic cement, ‘which was
called Portland cement, ‘vas manufactured by the Fnglishman Joseph Aapdin,
The first concrete bricge (un-reintorced) was, however, bult already in 18186
in France,

Reinforced concrete was developed by such persons as Wilkinson, Lambot,
Coignet and Monier. By the turn of the century fortythree patents had been
taken out on reinforced concrcte, and mosi of its basic properties and prine
ciples of design had been determined,

in this country, the first reinforced concrete bridge, designed by professor
A. Ostenfeld, was erected in 1894, It is still in use,

THE PROPERTIES OF HARDENED CONCRETE

Portland cement concrete could be characterized by:
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In what follows, the technica) properties of hardened

s appesrance, svel as colog: {qru‘\,, white, hrown,

etc,), and surface tex(urc (smonth, rougth,  porous,
profiled, hammered, facing ajgpregates)

its applications (concrete is used for » variety of
purposes, such as bridges, houses, walls (slabs,
facaded, towers, silos, Jams, quays, piers, coastal
protection, floors, pavementis (for roads, sidewalks,
and in the garden), sewer pipes, etc.),

ctoncrete can be considered as a twophase material,
consisting ui a - usually - noneactive system of
digcrete particles, the aggregate, and a binding
ageni, the cement paaste, which fills the voids between
the aggregate particles and ties them together to fotrm
& hard, durabl material, In concrete, approximutely
76% of the total volume is taken up by the aggregate,

and only 25% of cement paste binder. The cement paste

binder is a porous material consisting primarily of

very small needle« or foil- shaped calecium silicote hydrate

particles adhering to each other and comparativeiv much
bigger calcium hydroxide crystei:;. The pores in cement
paste may be more or less filled with water,

its technical prope.lies, suclh us weigit, strength,

(compregsive or tensile), stiffneas, vm; changes

(resulting from external load (creep), drying {shrinkage), 7

and heating), permeability, and durability (resistance to
frost, aggressive solutions, alkali aggregate reaction),

concrete will be further




UNLT WEIGH?

The unit weight oi concreic tor struciural purposes is ustally about 2300 kg/ms.
Depending on the specific gravity of the aggregate, the aniv wright of structural
concrete can, however, he as low as for instance 1300 kg/ma. In this case,
the normal type of coarde aggregetle in the concrete, such as gravel or crushed
rock, is substituted by a lightweight apggregate, such as cxpanded clay aggregate,
cexpanded ghale aggregate, sintered fly ash, etc. In ail strongly industrialized
parts of the world, an ever increasing part of concrete for alructural purposes
is lightweight aggregste concrete, because the sources of natural aggregates

are being emptied, This new technology is developing rapidly, Substituting

the natural aggregate by a heavy ilype of aggregate, such as steel punchings,
magnetite, and baryte, provides a concrete with radiation shielding properties.

Conerete for insulation purposes may have a unit weight in the range of

400~ 1000 kg/ms Such a type of concreie is highly porous and may be made
by using a type of lightweipht aggregate or by incorporating a great number of
small air voids in the conerete, such as aerated concrete ov foam concrete,

The compressive strengih of concrete for struciural purposes is usually in the
range of 150 to 800 kp,’cmg, e, fron 15 to 60 WN /‘m?. The tensile strength
is approximately one tenth of the compressive sirengih,

The factors that determine the strength level are primarily:

1 the water-cement ratio, i, e, the ratio between the weight
of the water and the weight of the cement added to the
original concrete mix, Tre sirength increases with de
creusing waler-cement ratio, that (s with increasing
concentration of cemen! in the cement paste binden




I the concenteation of sad T YT apgregate particle g
e volume urits he clager the dgarersate particies are
packed, the higher the strength; how close these parti: les
8re packed Jepends wmong other things upon the methaod
and degree of compaction during casting of the concrete,

1t the curing condilions; see below

During the last decade much research work all over the world has aimed at
methods to produce conecrete with mucir higher strength than hitherto. ‘Thege
efforts have been succesful 80 far as it has been possible in laboratory acale
to manufacture concrete Specimene with compregsive sirengths up to about
1500 kglemz (150 M«N/mgj, The methods which have been taken in uge to
“obtain these high strength levels ure primarily

a compaction methods, such as vibro-pressing

b impregnation of the hardened concrete with polymer
materials, and

¢ uge of fibre reinforcement (glass, steel or carbon fibres)

The next few years will show whether it will be possible o tr.nsfer the labo-
ratory experience to practical conditions aud to utilize economically these
technical improvements,

The strength of concrete is usually tested on gpeeiai W@ st specumens {(cubes,
cylinders, beams) cast at the same ‘ime and with the same concrete mix
as the concrete structure they are supposed to represent.

When concrete is subjected to shorteterm stress, it will i0 a certain extent
deform elastically. For uniaxial stress we have for the normal component

é6 * E €
where ¢ ig the applied atress, & the resulting strain, and I' the modulus of
elasticity,
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Fir, 1, Stress-strain curve for concrete

*The shape of the slregs-eleain curve is dependent on the rate of
londing,
I i

The value of the modulus of elusticity for concrete usuully lies

. [} L4 )
within the conge of 2 to 4 w0 10Y kp/on® (20, 000440, 000 MN /™),

Retween the modulus of c¢losileity of eoncruie ond its corresponding
unit weight there exists the following empirical relutionship:

et o e I I R L L RN B O R R o SR S RRE © I et
k V {unit weightla ¥ ocompressive strength
where the eygnelant kB b o valoe botween 4,000 ud 6, 600 when

€@ =

< J . . P 9 -, .
Femodulus wnd streagth is measuved in kpfom® and woit weight in
&m&[m:i.
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Shrinkag When concicte drics, # shrinks, Under ordinary
dry eonditions (indeor) the drying shrinkage will be of the order of

0. 93-8. 05 per cemi Jinvcuriy, T conerviv absorbs waics ugain, 3

exponds (swelle),  *Fhe shrivkage and swelling conponent in concrete
is the coment poeto, the apperent volinre of which voaries with

humidity condilions,  Wales s prcaent b comont pustle s chamnloally
fixed waier, oo adsorbed water Dims aod us capilniry water,  When
the relaiive e 30 of wob oot oiy 1y diiniched, tae ihackioss of
the adsorlod wlter S will decvense, The moiator e movement

of eomend Poste die s o rete Gier e (divieed into a ceveyasible vt
.
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with c¢ach other, whereby additional lings within ‘he gel stvoctye tray be lorned

Thia explains the principal course of the moisiure movewert resulting from
alternating moigt and dry curines,  The rreversihle par! of shrinkage amounty
to 1/3-2/3 of the total drying shrinkage,

Creep When concrete is ~xposed to suslained load, tme-dependent deior.
matione will resul, and thoese deformnations will not be elaglie, i e, concreto
crecps, The final creep deformation for a given load will under ordinary
conditions be at least twice as great as the instantancous elagtic teformation
resulting from the application of tne load. The mcchunism of creep may to
& certain extent be explained by the mechanism which governs shrinkage,

The external mechanical load causes eiresses in the paste constituent and
thereby alao changes in the energy state of the adsorbed water us well as ‘the
capillary water. A redistribution of the relative amcunts of adsorhed and
capillary water results, and this is oniy possible by means of a sjow diffugion
process in analogy with the shrinkage procuss, The factors which determine
shrinkage are, therefore, also decisive for the course ~nd magnitude of cresp,

From the moment when concrete is exposed to & mechanical stress, its
deformation will develop slowly, Shrinkage way oeceur simultaneously and
interact with creep, which will make the picture further rcomplicated,

A constant strain may be imposed on concrete, ‘This will cauge a certain
imm}iaﬁeom stress, which, hqwcveg*, gradually decreascs, hecause concrete
creers. This phenomenon is called relaxation, and ie important for the
periormance oi statically indeterminate concrete structures,

Apansion Like ncarly all other ralerials, concréte will expand
perature is increased. The coefficient of thermal expansion is for
'ordinary concrete of the order of 107 per degree centigrade,




IO MEABILITY

The water permeabili'y of councrete cepends on .': quality, particularly the
walcr-cement ratic, A reduction 4 the waler-cetaent rado from 0.8 1o
0.4 may Lave the consequense tha he cement paste permedbility is reduced
v chout 1000 times, ‘The water impermeabil’ ity o concrete i to a great
cotent dependent on how well (he concrete has been compacted during
n.anufacture. During the hardening of concrete itz permeability is strongly
t‘%t}utéé; If a watertight concrete is wanted, then the cortent of cement plus
fiiler (fine aggregate with particle size leas than 0,25 mm) should be at
least 375 kgs per m3 concrete,

DURABILITY

‘The permeability of concrete is also to a great extent re-=pousible for ite
capability to resist physical, chemical and mechanical atacks, The more
impermenble the concrele iz made, the more durable will it be.

I'rost Vﬁggg_gtance When & concrete surface is saturated with water

wud at the same time subjected to freezing and thawing it mmay - unless special
precauticas are iaken - crack and disintegrate due to cxpansion of the pore

waler when freezing, This may be pre/ented by incorpe ‘aling in the concreie

a system of small air voids randomly distributed in the concrete mass and

" uging frost resistant agyregates. The air void system may be provided

by ndding an air entraining agent to the fresh concrete during mixing, A

total air void content of about 4 10 6 per cent by volume :8 usually recoinmmended,

Sviphate Resistance

Stronyg acids and certain salts are aggressive towards
concrete., Here are mentioned on': sulphates vhich are quite frequently met
in the nature (in sea water, in Aulphate bearing earths, sometimes in the

ground water, and in waste water) and which have a deteriorating effect on tane

cuinent paste binder in concroete. iU the concentraiian of sulphate ions in water

wiich i8 in contact with & concrets surface (e.g. 504 struetures, foundations,




SLEP pipes, eic.) soabow e A

sroxima ely 10606 pm, s, ¢
“oousing 3 sulphate rvesista,

cial precadtions, such
{ cetnen:,

SO0k be raKen,

cheli Ageregate Reuc tion

Cuortaln wuineials, such ag opal,
o dymite, phyllite and zeolite,

chalcedony,
which oceur in some rock lypes, such as
beris, flints, siliceouy limestone, rhyalites, decites, andecites, phyllite shales,
“ic., are reactive with alkalis, When guch rock types, therefore, are yged
¢» aggregate in concretle made with high alkali cements
laay gecur because an expanding alkali silica gel in form
2 tveen the cement Paste and the reactive constituents of the aggregate,
Fizleterious alkali-aggregate reaction would only be suspecied with
centaining more than 0,6 per cent alkal:,

disruptive expansions
ed at the interface

cement

A
1xd

{ERIALS FOR CONCHITS MANUFACTURING.

The materialg used in the manufac

ture of conecrete are cemeni, aggregate,
water and admixtures,

f}

Cement
‘cinent, the manufacture and

characteristics of it,
eclurers,

It should only be mentioned here that in
weducer has & number of types of
| vider to fulfill apecial re

i8 dealt with by other

mor. countries the concrete
cement which he can choose among in
quirements to the concrete,

for concrete production will algo he dealt
iecturer,  In the present coantext,

Mracteristice of the aggregate m
icl'owing ways:

with by another
it should only bhe emphasgized that the type and
aterial mainly influence the concrete in the




a it determines the water requirement of the fresh

concrete
b it influences the strength und weight level of the
corcrete
c it influences the magnitude of the drying shrinkage
and creep
d it influences the¢ long-time physical and chemical

durability of the concrete,

The characteristics of the aggregate particles which are of major importance
in this connection are:

1 the particle size distribution
2 the weight and porosity of the particles, and
3 the mineralogical type

Water that is acceptable for drinking {(except in respect of bacieriological
requirements) is suitsble for making concrete, where & supply is drawn
from natural sources, preliminary treatment may be required, such as
pettlement or filtration to remove susp:nded matier, 'I'ie water should be
free from materials that significantly aitect the rate of hardening, or the
strength and durability of concrete, or which promote efflorescence or the
rusting of steel reinforcement. Sea water ia usuaily not acceptable as mixing
water for reinforced concrete because of its comtent of chlorides.

Admixtures

An admixture for concrete is & substance which is added either in the form
of a liguid or a powder, lo the concreic mix before or during mixing.




Admixtures are used for tho purpose o: raodilving senue of the properiics of

the fresh, havdening or hardened couc ete. Bereficial ifects may be obilapne!

by means of admixtures, and heir ug. Is e Joie ol recommended,

Adnmiixtures may be Jivided o U following titegorics:

I Surince-active agents
1 Air eniraining agents
¢ Plagtifyire or water reducing aygents
3 Foaming agents

Expansion agents
Water-repelling agents
1 Set and hardening regulating agents
1 Accelervatorg
2  Retarders

L

1 MANUFACTURE oF CONCRETE

The manufacture of concrete comprises a number of processes ranging from
| mix design to curing. Those are deacribed briefly helow.

1 Mix Desi

§ The design of conerete mixes is the Artermination of the most veonomical
; and practica’ combination of available aggregates, cement and water thet will
produce a mixture having the required degree of workahility when fresh and

developing the required qualititee of strength, density, durability, etc, when
hardened,

Cuncrete mixes cunnot be designed solely at the writing desk; it is necessary
4 to make trial mizos to be adjusted in the field until the required properties
of the concrete are obtauned.  In the {irst inslance, ihe aim is to design the
mix, of mixes, which are to serve as the basis for the trials,




Whereever possible, thc foliowing con'itions should be nvestignted before

gelection of the initial trial mix;

Infivence of the wa'er-cencal :atio eon strength
Influence of aggregate gradings on the workability
Influence of aggregate grading on cement and water requirements

These conditions should, of course, be investigated for the materials to be
used for the actual job. When it is impossible to conduct such tests, trial
mixes for starting concrete operations can be selected by judiciouc application
of relationships established by expericnce and the emgiric laws known for the
technology of concrete.

Proportioning by weight should always be used for work el congiderable
magnitude or where severc demands are made in respect of the quality of the

‘The six steps involved in the determination of a iriet mix for initial ﬁxﬁé
use are:

1. Select the water.cement ratio. ‘This ir done from test
data, experience, w established re ationships to meet
the apecified requirementa lor duriniity and sfreagth.

2. Estimate the warknhility, Select the limits of slump
that will permit proper handling and consolidation of »
concrete under the job corditions involved,

Determine the largest size of aggregate available,
This will vary according to the nature of the work
and the dimensions of the structures concerned.




vatimatle the per entape of sacd o Gquited,  Vhe

o O,

desired workability wil! have to be faton inte

account,

listimate the amount of waler required per cubic vard

of concrete, The counditious of sieps (2), (3), ond

(4) must be fulfilled,

Compute the trial mix proportions. ( hanges ' the

computed mix proportions will have 1o be provided for
after the making of irial mixes, partly in the laboratory,
if any, and partly during field operationa,

It should be siresscd that to-day weight-batching is considered "a must” and
volumg batching is used for very smail jobs only, Requirements to a
batching plant are that its equipment in capable of accurste measurement,

Th choice of equipment will depead on a) size of jou,

b) rate of production,

and 3} required standards of performance,

The equipment types available are I manual, which method is accomplished
by using wheelbarrows and pluform cales (acceptabi- for small jobs up to

about 5000 m3 councrete);

2) cumulative, scmieautomatic hatching, in which

chss aggregate silos with manunliy or power-operated gates are generally
“used (scceptablc for jobs of 5, 600- 130, 00O m? concrete); and 3) fully.
aulomatic batciang in which case sepurate weigh-hoppers are used for e¢ach
ingredient {used on large jobs ..d ready-mix concrete plants),

Various types of druw mimers are used, viz,:
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1) Tilting.  Main advanage speced of emplying.
2) Non-tilting, swin -chute discharge.  Hoth (1) & (2)

liable 10 give segregation.
3) None filtiig, reversible discharge. Probably best of

drum mixers.

'1iting drum mixers are uscd with very large - 8-10 m3 - capacities,

Longer mixing time, (1-1/2 to 2-1/3 min.) than with paddle mixers is
~cquired and they cannot mix very dry mixes., They must have a combinatin
7 Llade arrangement and drum shape, which ¢nsures an end-toeend exchange
of material parallel to the axis of rotation, as well as a rolling, folding, o:
spreading movement of the mix,

Alzo various wypes of paddle mixers wre usad, the best having 23 mixing
“staes" and the drum revolving counter to the stars., The advantages of
this type of mixers ave: a short mixing time (30-45 sec.) and the possibility
of mixing very low-slump concrete. One of the disadvantages of this type
of mimers is the heavy wear, Speciai types of this mixer are the turbine
mixers and the through mixers, both of which can be excellent,

A gpecial type of mixer is the continuous mixer, These are usually based
7 balching by volume, and are not recceptavle for quality concrete,

and Placin

rhe first law regarding transport and placing of concrete is that equipment
uust suit the concrete and not vice-versa. All to often good cencrete is
spoilt by the use of unsuitanle transport equipment, for example buckets
‘ncapable of dumping low-slump concro'e, shutes which cause segregatic-
conveyor belts without proiection from oun or rain, ete., otc,

~uy possible step should be taken in order to minimize segregation, and it
;~ust be stressed that all points of discharge are important in thiy relation,




Hesides the prevation o segrepation, concee!t st e b Protecton dae
LruAsport againsl excegsive losse or NN mordanee e ept, Vhin monn,
using proper cover and shading, In many cases i 08 olten found advantagcony

to paint i los and equipment whio - chzvert gain n o hoel fror diree; s,

Compaction

Today concrote is nearly always compacted by vibration, rodding only heing
used in special caseg,

There are various lypes of vibrators, e g
Immersion -
Form -
Table .
Screeds -

each suiled for differcnt types of jobs, but in general the immersion type

is the beat, and should be used whereever pessible,  Vibratars are availnble
in various sizes, from small 1" diameter to heavy iwo-man ivpes , and the
proper gize for the job in queation must be used,

Luring

Aitaaﬁfh curing is the [inal phase in the production of concrete, it is by no
means the least imporitant, It involves keeping the concrete moist and if
fccessary protecting it from cxcessive loss or guin in heat, and most of the
desirable properties of concrete ape lmproved us the duration and effectiveness
of the curing are increased, This applies no! only to strougth but also to
durahility, impermeability and resistance to wear, chemical attack and
weathering, Ineffoctive curing is all too often the cause of defects such as
craging, cracking, insufficient strength development and low durability cven
in well designed concretes,




‘L he strength development of concretes depends on the hydration of the cement,
i.¢., on the reaction of the cement with vater, and if 1as tlicienl water 1s

avarlable the hydration process and the s.rength developmen: ceases.

The curing tempcerature hags a marked efiect on the strungth Jevelopment of
concrete,  Low curing temperatures lead to decreased rate of strength deve.o;iont
and extended moist curing 18 required under such conditions in order to deveic

a given strength. High curing tumperatures lead tu acceleruled strength
development, but also to modifications in the hydration products which may

lead to lower ultimate strengths.

It should be stressed that effective wolst curing is essential in order to elimiiaie
differential shrinkage and consequent crazing and cracking, [f a concrete meinber
is not moist cured, the surfaces will dry out and shrink while the main body
remaing moist and constant in volume, The result will be internal stresses

which will create tension in the outer layer, and cracks may form, particulaity

{f strength development in this laycr iuas been returded due lo the lack of
~moisture,

In practice, it is necessary to balance quality reguirements with thoseof
economy, and the minimum peri od of moisl curing is penerally specified as
seven days for standurd Portlamd cement concrete, Hetter practice would

call for 10 days, and where gpecial i 2¢ -ements are wmeic for the concrete,

the period should be further extended. Waterlight concrele should, for exampl-,
be cured moist for at least )¢ days. HRapui-nurdening cements require shorter
periods of moist curing (sbout half), and slow-hardening (e.g. pozzolanic cements)
longer periods than standard cement,

The following methods of moigt curing are recommended:

« covenng with wet burlap or cotion mats
covering with moist sand, sawdust, straw, cte,
covering with waterproof paper or plastic sheets
spraying, continuous or intermittent '

¥
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= ponding, i.c¢. flooding the <oncrote within small earth
dykes around the mimeraforaec o the ~=gued gurfoces

- retaimng forms in piace (is applicable to Leams, columns,
ete., but not tu floces wnd i/avings)

« membrane curing, i, e, applying to the cxposed surface
a liquid curing compound designed to seal the surface and
thus prevent evaporstion of water

r _Concreting and Curing

Hot weather presents special problems in the production and placing of
concrete, A temperature of concrete ag placed of 15°c (&&%‘) or even
lower would be desirable, but is often difficult to altain, A maximum
temperatura of 35°C (90°F) should be considered a reasonable and practicel
upper limit, and every effort should be made to maintain lower temperatures
han this maximum of 35°C. In the absence of special precautions being

o, the following effects may ocousr: :

#

a) Setting is accelerated, 'Ihis means that concrete
siiffens fagter, and the length of lime used for
handling becomes '~ape eritical, Inadequote consolidation
and cold joints are some of the results.

b) Ultimate strongth (s veduced, High temperatures tend
to give high early strengths, but a loss in ultimate
strength,

¢} Cracking tendency is increased, Plastic shrinkage may
lead to cracke, and the demand for more mixing water
“leads to greater drying shrinkage.

d)  Adequate curing is critieal. Moisture for hydration
must be retained or strength losses develop.




SETTING AND HARDENING

The setting and hardening of concrete is caused by chemical reaction between
cement and water, whereby a solld preanting product 18 formed. Thig is

glveing together the particles of sand, s*one and unhydrated cement to form
the solid concrete.

During the hardening, concrete changes fromn a liquid-like mixture of solid
Farticles and water to a cohcrent solid #tructure and a1 the same time, the
strength and the stiffness are changed drastically, Furthermore, the
hardening is accompunied by mecondary phenonicna, of which heat evolution
and Jeformations are prohably the most impertant.

By the chemical reaction between water and cement, parts of the cement are
dinsolved in the water. The concentration of the molviion increases gradually
until saturation or supersaturation is obtained. Then hydration products
formed by the chemical intersction between the dissolved cement and water are
- precipitated as solid materials, which glue together the sand, stone and

- unhydrated cement to the coherant solid structure of concreve,

In duvc course, the strength gradually increases. During the first hours, the
material still has & plastic bohaviour, At this stage of the hardening, the strength
ic commonly determined by penetration measurcment. Then the concrete

gradually changes into a solid material, First the strength increages rapidly
whereafter the rate of strength growth gradually decreases.




iienat Fvolulion

The chemical reacijon duriug the hatueilliy 8 covompun . d by heal evoluion,
The resulting rise in concrete temperaturc is often of urporviance in practical
engineering, When casting in cold weather we may gt the benefit of the
neat evolution since the temperature rige is sometimes sul'ficien! to prevent
Irost damage during the havdening, In massive structures epecial aidsg

(such as cooling systems or use of special low heat cements) are sometimes
necessary to avoid great thermal siresses and cracks due 10 the rise in
lemper ature,

volume Changes

During the hardening volume change may occur. By the hydration itself a
contraction may occur bechuse the reaction products occupy a smaller volume
than do the water and 'he cement, If, however, the concrete is supplied by
additional water during the hardening the material will expand, since the
hydrated cement occupies a greater volume thau the cement alone does,

.

Thore are several ways in which the quality of the hardened concrete and the
rete of hardening can be modified. S me of the metho s commonly used are
memioned,

The mineral compositiou of cemeni iniluences the rate of hydration as well ag
the heat evolution, The mineral composition is a question of raw materiels used
«rd the burning of the cement slurry. '

The fineness of cement can be varied, By decrease in particle size, the
specific surface of the cement is increased permitting faster chemical reactions
tnd thus a (aster hapdening of the concrete, Incremsed fineness of the cement
iz normally achieved at the cement plant by increased grinding. )

e




The degree of packing ol the S0l papthcie on o0 onerae has 4 previously
mentioned a grea' :flusnce o ho vl g e T et on the rate of

strength and stiffness develonmen',

The level of curing ‘emperawure eifects 'he chemical s cactuions, mainly be
increasing the rate of hardemng. with increasiag ‘osperature,  Furthermore, &
change in temperature may result in a somewhat difierent hydration product.
When hot concrete is used, the heat evolution hy the hvdration ig olien of
increased importance, due to the increased rate of ihe heat evolution,

As previously mentioned, alsoadditives of various kinde may be uged in the
conerete to modify the setting and hardening,

atrol all the materials and all the processes involved in concrete
This, however, is dealt with by another lecturer,









