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ShUl'lcn-l Cable 2, logether With thejr
oy ene Notatio, useq Y cement hemi .
.u(c;‘ Viz: Ca() - O Q Y Chemigg

v » deseribe hoxir s Th
dr SO E S ALOL < AL 3 ~ H4Ch oxig Iy
M hydrageq cement g denoteg by . And Feo, P, Likcw?gcby}"“c
. { \, ,2(-)

Ty Ticala: Abbrey;. ..
N e '-T\nﬁcnlcmm silica(e —=Q) W % |
NN e aaa DiClllCiUlll SiliCiltc 565 Osloz AQ\’ \ug C;S \,'

a40.§; ) e

T .~ L ‘. . y ‘k
 Tcaleiypy, aluming e =) 3CaO.A1203 . o

Less ;W\'\c—-Tctmca]cium aluminoferrite

. o ._ukc,—\,L_zu,»l@auM Lo ad <ju

basedeogatlﬁgla“oll(] off Rthe botentia] Composition of Port]

: Work of R. . O8U¢ and others. 4y
Reie composition’. g ( €S, and is ofte

' 1ons for the Percentages of main
I(;g;lclg(l)tl;ngs (:Ftiemqnt are g:jven below. The terms in brackets Iepresent the
€ 8lven oxide ip the tot;
Bo 3(4{ ego 4—6%0)' otal mass of cement,

GS = 4.07(Ca0) _ 7-60(8i0,) - 6.72(41,0,) _ L43(Fe,0,) - 2.85(50,) / !

C,S = 2.87(Si0,) — 0.754(39@\./31% =5, 8 /
CA = 2.65(Al,0,) — 1.69(Fe,0,)

[ a
CAF = 3.04(Fe,0,) f .\i

The silicates, CsS and G,S, are the most important Compounds, which
4re responsible for the strength of hydrated cement paste. Ip reality, the
silicates in cement are not pure Compounds, byt contain minor oxjdes in
solid solution. These oxides haye significant effects on the atomic arrange-
ments, crystal form, and hydraulic properties of the silicates.

he presence of CA in cement s undesirable: it contributes little or
nothing to the strength of cement eXcept at early ages, and when hardened
cement paste is attacked by sulfates, (he formation of calcium sulfo-
alumina(e (ettringite) may cause disruption, However, C,A is bcncﬁcm} in
the manufacture of cement in (hat jt lacilitates the combination of lime
and silica, 5 .

CiAF is also present in cement in small quantities, un(‘l, compared with
the other three compounds, it does not :l!'l‘cc{ the bchnynopr significantly;

“however, it reacts with gypsum to form cu‘lglum sulfoferrite and its pre-
sence may accelerate the hydration of the stlicates.

10
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Table 2.4:

Heat of hydratlon of
pure compounds

Heat of hydration

Compound
‘j Jig
M\Cﬁ?r) B L , S
CS | x 260
C,A &*r (\? 867
o X CAF 419

Callg

120

62
207
100
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prossire for a taether Y howrs, the autoclave s cooled so-thag gy, e
Tl wihin 1S howes and the specimen s muh‘ﬂ Iwater 1o 2y o (}}"“(‘)'fu
WU i Aer o tarther 15 min, the Teagth of the specimen ey,
the expansion due e autockiving must nol exceed 08 per ceny h 'lmlg
winal feapth This aveelerated tost pives no mote than o brogg jmlit'."u“”‘
b the tisk of Tong-tepm expansion i practiee. 1op
No test s avaddable for the detection ol unsoundness due 1 g,

‘ an be eastly deternune | “Xeeyg
of calowum sultate, but s content cin DE EAA ed by CI'C"nu.'
analysiy,

Ntrength

Strenath tests are not made on neat cement puste because of difficulgjeg in
nhl.n;\mg pood specimens and in testing with a consequent large Viriaby|.
iy of test results, Cement sand mogfar and, In some Cases, concrete of
prescribed proportions, made with specified materials under strictly

Table 2.6: BS EN 197-1: 2000 and ASTM € 150-05 requircments for minimu,
strength of cement (MPa (psi))

Age BS EN 197-1: 2000 (mortar prism), strength class
days

T 2SN RSR 0 LSN 425R 525N 625R
2 10 10 20 20 2
(1450)  (1450)  (2900) (2900) (2900)
7 16 : - = E .
\’ (2300) . - - - -
/P 2 3.5 32.5* 42.5 42.5%* 52.5 62.5
pr>\ QSR (4700) @700) (6200 (6200) (7600) (9100)

[\ Eﬂ ?er’ ASTM C 150-05 (mortar cube), cement type (Table 2.7)
\“*LS"\{dnys)

}
{
|
|
|
|

S e T MR i

| - 12.0 10.0
. : - - - (1740)  (1450) - -
& Y 120 100 100 80 240 190 - 8.0
? .7\ /. (1740)  (1450) (450)  (1160) (3480)  (2760) = (1160)
) (1) 190 160 170 140 - - 70 150
T e (2760)  (2320)  (2470)  (2030) - - (1020)  (2180)
P )y eC8) L B 2200 2800 2200 - . 17.0 N 31.0
‘ l Z , (J " (4060)  (3190)  (4080)  (3190) - - (2470)  (3050)
¥ | * and not more than 52.5 (7600); ** and not more than 62.5 (9100) )
y ‘\‘! * Strength values depend on specified heat of hydration or chemical limits of tricalcium
SR I silicate and tricalcium aluminate
A ’, ' Optional

ve \ 2
A;_’r'v = _ l ' \
. ? C’\'H}L» F..’o)\w ™ /‘,\-’r
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FROBLEMS
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Why s gypsum added i the manufacture of Portland cement”?

Why » sulfste-rousting (Type V) cement sutable for concrete exposed

1o sulfate attack®

€ Win o CA undestrable in coment”

w How » the gypsum content of Portland cement specified?

What are the alkals 1 coment?

msoluble remadue i cement”?

¥ What cement would you use for refractory purposes?

Why » the amount of gypsum added to clinker carefully controlled?

} What coment would you use for mimimising heat of hydration and

sca-waler attack?

What cement would you use to reduce alkali-aggregate reaction?

What = the pozzolanic activity index?

What produces the expansive property of expansive cements?

§ What 15 the most common artificial pozzolan and how is it used in

cement?

What are the advantages of using fly ash or slag?

What 15 a blended cement?

Under what conditions should fly ash and slag not be used?

243 Calculate the Bogue composition of the cements with the oxide com-
position given below. _p &\ 5l foes z_

Aadduaes i s+ Scomel

T e g IR ’AU
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3’«‘,&

L4 Y2 0000302 v v
» D e Gl
i
Y
»
-
o

PN SN
22 )2

y 4,

IR
L 5 F
«n# o

& &
- 3

V1A b b

Oxide Content, per cent

Cement A Cement B Cement C

S0, 22.4 25.0 20.7

Ca0 68.2 61.0 64.2

Fe, O, 0.3 3.0 5.3

ALO; 4 6 4.0 39
i3 2.0

Frcf lime . 1.0 1.5

9‘1’) cao
Answer: f”?

Cement Compound, per cent

CS C,S CA CAF

69.3 12.0 1.7 0.9
20.0 56.6 5.5 9.1
64.5 10.8 1.3 16.1

O >

B
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}' ( COArse,

"+ 1 or crushed rock sands the permissible

used for heav

P Cealle

quirements Tor TRECARETCRAle

y duty floors.

SM& "/Uo& A‘m(e ‘B’J‘(’“

)y pp D i Sl
1992 and ASTM C 33-03 specify the grading limits for fine

BS 882:

aggregate as shown in Table 3.8. Th '
in addition, specifies that not mor¢ than one in ten consecutive

Jimits and,

samples shall have a grading outside
medium and fine gradings labelled C,
aggregate not complying with the BS 882: 1983 requirements may be used.

provided that concrete of the required quality can be produce
€ 3303 hmits are much narrower than the overall limits of B :
and the former standard allows reduced percentages passing the s®

ps and \STM grading T¢ B
__—‘-"" g - ‘—---“—--‘.-—._.— . N " ‘h\\\
o Percentage by mass passing sieve —~
-‘; _;—”2;-”;—‘;{‘,;—-_—_;— y & -_‘\'\.‘~.
! Lo e penmdledr : :_STM
\S1 \.' S (m-raii Additional limits® 4334)3
. ) I . .""l”‘
No.  (C limits con \y uediar g bt
(e Wy P w1 g ' dine A
"' A " -\ ' Y ~ o ——t—
R Kf F ana l
LT I " P 100)
{ in g0 10 2 95100
16 W 1000 30 907 45 100 70100 % ge
W0 15100 15 s4¢” 25 80 55100 28 4
S0 570 ¢ 5407 548 5-70 10w
100 0 15t o . 2.10
R -
M - medium: F = ﬁna

Jimit is increased to 20 per cent, except when

@uerw( o C-MLJ‘!‘V(\)
- 0.‘4;‘»\3
FOME Cans L 2! 27U

e former standard lays down overall

the limits for any one of the coarse,
M and F, respectively. However, fine

d. The ASTM
S 882 1992,
e

100 ym and 150 um (No. 50 and No. 100 ASTM) when the cement co"
tent 1s above 297 kg/m' (500 Ib/yd’) or if air entrainment is used with &

least 237 kgjm‘ (400 1b/yd’) of cement.
Ihe requirements of BS 882: 1992 for the grading of coarse ager

rg.‘ilt

are o s . ", o . . . ‘:\
reproduced in Table 3.9: values are given both for graded agErestt

and Tor nomin: : . i
it nominal one-size (ractions. For comparison, some ©

ASTN ave ‘al ok :
yIM C 33 03 are given in Table 3.10. The actual grading rcqwrm}"“‘;

depend 10 some exte
some extent on the shape and surface characteristics 0

l'i-lf“i.lt"'-. J ol s b
have a |,|m;:|;”;:.::':"' ’t""‘,P"- angular particles with rough surlace
locking and 10 com )c“‘“ '."g . order 1o reduce the possibility @
BS 852: 1997 | 1! neate for the high friction between the particie
Zancludes the grading requirements for all-m aggreg

uees shod
{ il

ate (#

page 41); Table 341 gives the details,

The I an S
e Buropean Standard, BS EN 12620. 2002 specifies gcncml

requirements for cos i
for coarse and fine aggregates to replace those ©

1992, which are shown in Table 3,12
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Shape and texture classification

rhe external characteristics ol the nggrepnt
shape :Il\(l surface texture,
of fresh and hardened concrete

i particnba i

are of smportance with tegatd (0 the progett
. ¥

l'll \,Ilfllll' of thres "'”"U.I’r!r.i byt schies |

/i 1yl tNI ) y,[,:/ /Y INall I P1in

:;H")' |

difficult to describe, and it is convenlent o define cortusn geometen
: ! Yoo fi

duu.’u:u-lixli«"» of such bodies

) . \
madness measures the relative shi \aa ($F §
Rionne res the relitive -ll.ll[lll( oy o aminilarity of the edges and

corn

ers ol a particle. (he actual roundness 15 the consequente of {he
N ! i

m.;n\v,lh and abrasion resistance of the parent rock atid of the amount ¢ ¢

- R o , : p B AT Ny ]
wear 10 which the particle has been subjected. In the case of crishied aggre
- d X 1 3.5

g.l(t\

the shape depends on the nature of the parent materinl and of T

(\ W \)' \'Ill\hCl “"(' ll\ 'l'('l“'“”“ r“li”‘ |.€. ”,L '("““ (” "”“',I §1/( b4y "r it

of the crus
s given 10 Fable 3.2.

R AL, RIS T o)
{ ( }{ ]

| Table 3.2: Particle shape classification of aggregates with examples

o

" Classification Description
-
0 Rounded () Fully water-worn or completely

shaped by attrition

(2) lrregular {‘3 Naturally irregular, or partly shaped by
o= attrition and having rounded edges

@ Flaky Material of which the thickness is small
“ relative to the other two dimensions

2) Angular M Possessing well-defined edges formed
) at the intersection of roughly
G v

planar faces
(1)} Elongated Material, usually angular, in which
- the length is considerably larger
than the other two dimensions
Material having the length considerably
larger than the width, and the width

/ Flaky and
J) Elongated
T considerably larger than the thickness

~ Although there is no ASTM st
in the US is as follows:

Well rounded — no original faces left

hed product. A convenient broad classification of particle shape

River ot seashore
gravel, desert,
seashore and
wind-blown sand

Other gravels; Jand
ot dug flmt
Laminated rock

Crushed rocks of
all types, talus]
crushed slag

andard, a classification sometimes used

Rounded - faces almost gone

Subrounded - considerable wear, faces reduced in area
Subangular - some wear but faces untouched

Angular little evidence of wear.
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Rough fracture of fine- or
mradium-grained rock
containing no castl) wvisible

crystalhine constituents

: Cnagslhioe Containing casily visible
coystathne constituents

: Hogevoomad With wisible pores and
CAVILICS

s aneoth fracture surfaces) as well
fones acting on the particle surface have
' roughness s quite rehable,
he classification of Table 3.3

s R — N et SN

Examples
S ——

Black flint, vitreous
slag

Gravels, chert, slate,
marble, some
rhyolites

Sandstone, ovolite

Basalt, felsite,
porphyry.
Jimestone

Granite, gabbro,
£NCIss

Brick, pumice,
foamed slag.
chinker, expand
clay

The shape and surface texture of aggregate,
Bave 2 strong mfluence on the water requirement O

Ia practical terms, more water is requi
gregate. Ge

twent of the loosely-packed aggree

the workability decreasing with an i

especially of fine aggregate,
f the mix (see page 79).
red when there is a gre
nerally, flakine

coarse aggregate have an appred ble effect on the work
increase in the ang

«s and shape of the
ability of concrete,

ularity number.

ater void con-
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BS $82: 1992 and ASTM C 33-03 specify
aggregate as shown in Table 3.8. The former standard [z o
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limits and, in addition, specifies that not more 1
samples shall have a grading outside the limits for any 7% 7 =
medium and fine gradings labelled C, M and F, respectivel? fowe
aggregate not complying with the BS 882: 1983 requirements %
g’ g;‘docg that concrete of the required quality can be pro<? ™
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—
S

~mass |

of gradcd aggregate

Nominal g,
of single sized

ageregate
///’1’2; 63 mlm
— 19.0 to I1.8 g
; 37,5 to 4.75 mm
m i : 4,75 mm P 2l
» 4.75 mm VoA (tto 5z in)  (27in) (4
Lo 2in) (5107 in.) 1 e i)
(li to 16 . __‘_.,.——-—"’" \\
e — 100
75 3 90100 :
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190 3 35-70 90 -100 100 )-5 0-15
125 3 ~ 90100
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Grading requirements for all-in aggregate according to BS 882: 1992
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Fig. 5.2:  Slump: true, shear, and collapse

. od ¢ a o 2
If instead of slumping evenly all round, as i a trug/ slum? (l,lg.: Sq'-uzi
“one-half of the cone slides down an inclined plane, a -S‘u‘(}:f § “"I”I 1'5 ‘.-r
to have taken place, and the test should be r«;\pgqlcdz lll_s“ ear s urnl'p‘ E«.);‘
sists, as may be the case with harsh mixes, this 1s an ¢ uquon ol lack «
cohesion of the mix. , . ' el
Mixes of StfT consistence have a zero shump, so that in the rather dry
range 116 variwtion can be detected between MIXES of different workability.
¢ y ’ . TR,
. . P ‘. ixes sir slump being sensitive Lo variations
There is no problem with rich mixes, their slump being

c b hhvncmabhciannss & bainm
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Compacting factor and compactability tests

although there 1s no generally accepted method of directly measuring
workability, 1.¢. the amount of work necessary to achieve full compaction,
;\mb;zbl) thc best }L'\'t vet avatlable uses the wmverse approach: the degree
of compaction achieved by a standard amount of work is determined. The
work applied UMUdV\ pertorce lhg work done 1o overcome the surface
friction but this 1s reduced to a minimum, although probably the actual
friction varies with the workability of the mix. _
: The degree of compaction, called the compacting factor, is measured by
5 the density r.uio: i.e. the ratio of (hLE density actually achieved in the test
‘ to the density of the same concrete fully compacted.
E The test, known as the compacting fuclor test, was }icxrlopcd in the UK
ond is described in BS 1881-103: 1993 and is appropriate for up to 40 mm
(1+ in.) maximum aggregate size. The apparatus consists essentially of two
hoppers, ¢ach 1n the shape of a frustum of a cone, and one cylinder, the
three being above one another. The }1oppcrs have hmgc.d doors at the
hottom. as shown in Fig. 5.3. All inside surfaces are polished to reduce

friction.

e

T SR R B e

Fig. 5.3: Compacting factor apparatus

85
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ig. 5.4: Vebe apparatus

Y » e ‘

ol . standard manner, removed,

3 in.) high. The slump conc 18 e th‘b Tll l; i; ]'lCt;d on top of the
nd a disc-shaped rider (weighing 2.75 kg -(6. ) ,\r%l‘c with an eccentric
sncrete. Compaction 18 achicved usmg a _wblt ulm%lit‘:ndcl of the table with

s » yertical ami '
: it 3 17 so that the vertical al .
eight rotating at 50 Hz so 1014 in.).

Bisnpty. oylinder s apprommlulcly i(r))llifl;cn:\‘/]l\\c(:(thc (ransparent rider 1s
2 . L » v C()ln > N N et
“Compaction is assumed to bc s . surface of the concrete
)tz?lfym (‘g)‘vercd with concrete and all cavities 1n tl}bisll‘:‘rélﬁ:y(o[‘ ki
ave disappeared. This 1 judged visually, a\nd the % 1 lovcr.c D o it A sy
% ond. ooi “the test ni'ly be a source of error. 10 OVY ate against
e end point of the test ms O iina the movement of the plate agaws
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Flow 1 ame more \Vl(lcﬁp,'b"d o !lh use, pdmcukl”)’ [
\T””\\l\“"i(l\ s'um-.rhlnslwr/.mg,‘ admixtures (see Page 1\4}-
v made WIS ~

¢ has ¢ l '
sists essentially of a woode

[his 108
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board can be lif ted up to a Stop 5o thy,
Appropriate markings indicate the locai,
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mination of the degree of compactability test is .
(T
L

. degree O ’
['he dk,\_\“l‘M C 161105 describes a shump-flow tesr, wh
v table test but without the hifting and dropping

. Ol compacting
ich is similar (o
procedure,

Ball pcnclrutinn test

ple field test consisting ol the determination of the depth to

182 mm (0 in.) diameter metal hemisphere, weighing 14 kg (30 |
.k ander its own weight nto fresh concrete. A sketch ol t'ﬁé

devised by J. W Kelly and known as the Kelly ball, is shown

-

3

—vp

24

=
LT

<~

This is a S1m
which

\\l” sin

‘.V;.‘” .[lu\.

n Fig. 20

Fig. 5.6:  Kelly ball

The use of this test is similar to that of the slump test, that llsnf2:
foutine checking of consistence for control purposes. The test1s nho O,\ir
covered by US standards and is rarely used in the UK. It s, Ow"w“’
worth considering the Kelly ball test as an alternative to the Sl}{Min -
over which it has some advantages. In particular, lhc.ball test » g;g to
and quicker 10 perform and, what is more important, it can e tp l:\'oid
concrete in a wheelbarrow or actually in the form. In order ‘IO ‘t o

oundary effects, the depth of the concrete being tested should be not Iess
than 200 mm (8 in.), and the least lateral dimension 460 mm (15‘5 l?t')z;tion
As would be expected, there is no simple correlation between P‘""_{ but
“d slump, since neither test measures any basic property of concre c.x ia
Only the response (o specific conditions. However, when a pzlrtgcujaf :llilally
& lincar relation can be found. In practice, the ball test 15 €55€
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COMPARISON OF I'ESTS

e retation must not be assumed to be generally applicable since it depends
o (ACLOTS such us the shape and texture of the aggregate or presence of
caurained 81, @8 well as on mix proportions. For specific mixes, the
.-tjlzs!.'"" between compacuny factor and slump has been obtained. but
cuch @ velation is also a function of the properties of the mix. A peneral
tication of the pattern of the relation between the compacting factor
yebe tne, and slump » shown i Fig. 5% The influence of the rrichncs;
of the s (01 agpregat/oement taio) in two of these relations 1s clear,

The absenwe Of influence in the case of the relation between slump and

LISk N
[ = \
\\‘Q_ [N "i‘_{,ﬁ-—""ﬁ.’_,

. — ) 1 2 3 4 5

. \. Aggregate/ 3 I J ] | j
;xl cement ratio: k
it
14}
<
K02
E 10t
A
»”
O
4 r
oo -l o
2 ~~
0 IR T
020 40 60 80 100 120 140
1 20 Slump - mm
) 40
E
. w E
-! 3 L 80 ;
g
4 100 #
5| 120
3 , -1 140
* X
| | s
0.6 07 0.8 0.9 ”)160
Compacting factor
) IS A AT
Vig. 5.5

C sencral pattern of relations between workability tests for mixes of
;"{ng dggregate/cement ratios
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MINING. HANDLING, PLACING, AND COMPACTING CONCRETE:
O I\ LG Jens X3 Vv N W B o)\ T, WS o

(G sy
All the mixers described so far are batch mixers, but there .C\i\‘\ 4o
nimious mixers, which are fed automatically by a continuous \\\. j\}f‘\
Patching system. The mixer itself may be of drum-type or may be i;l“h‘
torm of a screw moving in a stationary housing. Spccializcd.mi\crs t.hc
used - shotereting (See page 138) and tor mortar for preplaced a;:arcn\'l\r\i

Concrct_g;_(scc page 141). N -_ - ' -
o O R R YW o Up\ QLW AB\So LY wauy
(2202 5 5% wp) Plaz\ S — =k

D M
Charging the mixer S PAEN ) e ()

There are no gener: L
?i\crllds Ihisédcpcnds on the e er of feeding the ingrcacllicn;s ';mo the
'sually, a small . o and o > miXx.
m;nclria)als,lp:—l::‘:lrlut:ll;mt}él;t Ot.f“ ater 1s 1€d_ first, followed by 1:11 :l:: :Eird
possible, the greater .1:-1 u)lt]‘ 1 ?l;mly . Slmu\taneously into the mixer. If
e, s pirgin e b[t‘inv% 1 Lli }g water should also be fed during thé 5‘{n1e
dry mixes in droe mLi\ct ‘a_al ‘t‘d atter the solids. However, when using ;'er),
;!i{cr the small iniliul‘ w-bulcr 1}‘n‘cicgssary 0 feed the coarSe uuﬂremt:c just
surface 1s sulficiently w :tt'i ;\«u o Oqur L0 ensure that tﬁé '1c’"rc yale
begin with, the finer j Lv-t(i" oreover, if coarse ageregate | ‘%5 Et,‘ to
mixer ;m‘n(unrrcnc‘ll‘;lﬂlurwn.ts san become lodged ing;hL‘ l}?“ddsutl' the
fast or is 100 hot lhc:c il}(?\\“ s h(""( Pack. If water or o Lx u-\‘ °
S : 15 d_d;mgcr of forming ceme cement 1s fed toc
large as 75 mm (3 in ) in dinmees .o & CCment halle -

e ame 4 L A

Scanned by CamScanner



nodules of mortar.

o Al
r" -

Nivesstics e,\AO\ASB “_.\.P\ \r\ \/2\ \J\i
U“\fﬂ"“\\tv of n\l‘(lng Q ’% (o \wnfy Sk‘dﬁ(‘ﬂ A‘Utb )Jl

In any mixer, it 1s essential that a sufficient interchange of materials occurs
between different parts of the chamber, so that uniform concrete is
produced. The efficiency of the mixer can be measured by the variability
of samples from the mix. ASTM C 94--05 prescribes samples to be taken

from about points ¢ and 2 of the discharge of a batch, and the dif-

ferences in the properues of the two samples should not exceed any of the

lo“owmg N2 Y02 g X\ew X o Qg g U "‘oﬁ\\‘t
"""" - ”',\ ',_','.i:\')bi‘k o} Hl&\ﬂ% \ o
v (a) denSity of concrete: 16 kg/m® (1 1b/t?) '\'\6\9]»3 — l""“"\‘-’ )
&7 air content: \{per_cent} # ‘I
‘.hc) slump: 25 mm (1 in.) when average 1s less than 100 mm (4 in.), and
e

40 mm (1.5 in.) when average is 100 to 150 mm (4 to 6 1n.)
\) (d) percentage of aggregate retained on 4.75 mm (2 in.) sieve: 6 per cent
\ (¢) density of air-free mortar: 1.6 per cent &l )+ b /¢ )

\ (f) compressive strength (average 7-day value of 3 cylinders): 7.5 per ccnt

¥5lum P low £1em
Tr2a “workehiliky % o 2 alsun SF-XEM
o \"4‘3\& t3cm
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Recommended binimum

Table 7.1: omm
mixing times

a———

Capacity of mixer Mixing time,

— min
m’ yd3

0.8 up to 1 1
1.5 2 15
2.3 3 15
3.] 4 13
3.8 5 2
4.6 6 24
1.6 10 3L

ACI 304R-00 and ASTM C 94-05.
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Correct Incorrect Incorrect

Fig. 7.6: Control of segregation at the end of concrete chutes
(Based on ACI Manual of Concrete Practice.)
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Fig. 10.8:

Maturity (log scale) - °C days

Compressive strength as a function of logarithm of matunty for
the data of Fig. 10.6

Scanned by CamScanner



(D

e A
DEVELOPMENT OF .STRI:I\éTg A alts
90 H 1/7 . , Cooling
eatin Maximum temperature | N
_ Delay .l — e
801 period Ipcrio:lr pene period 175
by \ \&t‘(.Q é_-_- ‘
VW awedo \
SN d 150
& 60 \
) \
' \ <125
5 X - ) , ¢\
g \ RN .
é- 40 Z) ‘}N(S “ i .
- ) - " \
“ 75
20
or {50
] 1 | |
0 5 10 15 20 %

Time - hours

Fig. 10.10: Typical steam-curing cycle
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(J The relation between strength and maturity tor a congrete 18 Known
"~ 10 be as tollows:

m S[units: /= =33+ 21 log,, M
m US units: /= <5570 + 3047 log,, M

Calculate the strength when the concrete 1s cured at 30 °C (86 °F)
for 7 days. What temperature would be required to reach a strength
of 30 MPa (4400 psi) at 28 days?

fmswer: 15.6 MPa (2700 psi)
25 (76 °1)

189
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