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3.3 — Aggregates

3.3.1 — Concrete aggregates shall conform to one of
h!uﬂumngspodﬁcaﬁms,

{g} '?podﬂcaﬁun for Concrete Aggregates® (ASTM
33).

(b) “Specification for Lightweight Aggregates for
Structural Concrete™ (ASTM C 330).

Exception: Aggregates which have been shown by
special test or actual service 1o produce concrete of
adequate strength and durability and approved by the
building official.

3.3.2 — Nominal maximum size of coarse aggregate
shall be not larger than:

(a) '/ the narrowest dimension between sides of
forms, nor

(b) /, the depth of slabs, nor

(c) ¥, the minimum clear spacing between individual
reinforcing bars or wires, bundles of bars, or pre-
stressing tendons or ducts.

These limitations shall not apply if, in the judgment of
the engineer, workability and methods of consolidation
are such that concrete can be placed without honey-
comb or voids.

3.4 — Water

3.4.1 — Water used in mixing concrete shall be clean
and free from injurious amounts of oils, acids, alkalis,
salts, organic materials, or other substances deleteri-
ous 1o concrete or reinforcement.

ACI STANDARD/COMMITTEE REPORT

COMMENTARY

R3.3 — Aggregates

R3.3.1 — It is recognized that aggregates conforming to the
ASTM specifications are not always economically available
and that, in some instances, noncomplying materials have a
long history of satisfactory performance. Such nonconform-
ing materials are permitted with special approval when
acceptable evidence of satisfactory performance is pro-
vided. It should be noted, however, that satisfactory perfor-
mance in the past does not guarantee good performance
under other conditions and in other localities. Whenever
possible, aggregates conforming to the designated specifica-
tions should be used. :

R3.3.2 — The size limitations on aggregates are provided to
ensure proper encasement of reinforcement and to minimize
honeycomb. Note that the limitations on maximum size of
the aggregate may be waived if, in the judgment of the engi-
neer, the workability and methods of consolidation of the
concrete are such that the concrete can be placed without
honeycomb or voids. In this instance, the engincer must
decide whether or not the limitations on maximum size of
aggregate may be waived.

R3.4 — Water

R3.4.1 — Almost any natural water that is drinkable (pota-
ble) and has no pronounced taste or odor is satisfactory as
mixing water for making concrete. Impurities in mixing
water, when excessive, may affect not only setting time,
concrete strength, and volume stability (Jength change), but
may also cause efflorescence or corrosion of reinforcement.
Where possible, water with high concentrations of dissolved
solids should be avoided.

Salts, or other deleterious substances contributed from the
aggregate or admixtures are additive to the amount which
might be contained in the mixing water. These additional
amounts must be considered in evaluating the acceptability
of the total impurities that may be deleterious to concrete or
steel.
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cold weaiber, and the preseace of chemical admirtures not
formulated especially for scceleration.

Because of the possible adverse effects on [inishing 1ime
and consequent labor costs, in some cold climates the pro-
portion of oiber cementitions materials in the blend may
bave 10 be reduced below the optimum amoust for strengih
comsiderations. Some Class C fly ashes may alfect setting
time while some ciber cementitious materials may have fittle
effect on selling time. Any reduction in cement content will
reduce beat generalion and pormally prolong be selting
[

CHAFTER 5 - BACKGROUND DATA

41 To the exteni possible, selection of concrete pro-
portions should be based on test data or experience with the
materials actually 1o be wsed Where such background is
Emited or oot available, estimales given in this re-
commended practice may be employed.

5.1 The lollowing information for available materials will
be uselul:

52.1 Sieve analyses of line and coarse aggregates.

522 Unit weight of coarse aggregale.

513 Bulk specilic gravities and absorplions of
Sppregales.

514 Mixing-water requirements of concrete
developed from experience with available aggregates.

515 [Relationships berween strength and
waler-cement ratio of ratio of water-to-cement plus other
cementitions materials, for svailable combinations of
cements, olher cementitious materials il considered, and
BEErepales.

5.2.6 Specific gravities of portland cement and other
cementitious materials, il used,

51.7 Optimum combination of coarse aggregales 1o
meel the maximum density gradings for mass concrete as
discussed in Section 5.3.2.1 of Appeodix 5.

53 Estimates from Tahles 6.3.3 and 6.3.4, respectively,
may be used when ilems in Section 5.2.4 and Section 635
are not available. As will be shown, proportions can be
estimated without the knowledge of aggregate-specilic
gravity and shsorption, Section 5.2.3.

CHAFTER 6 - FROCEDURE

6.1 The procedure lor selection of mix proportions given
in this section is apphcable 10 pormal weight concrete,
Although the same basic daia and procedures can be used
in proportioning heavyweight and mass concretes, additional
information and sample compulations for these types of
copcrete are given in Appendizes 4 and 5, respectively.

6.2 Estimating the required baiwch weighis for the
concrele iovolves a sequence of logical, siraightforward steps
which, in elfect, [t the characteristics of the availlable
materials into a mixture suitable for the work. The question
of suitability is frequenily not lelt 1o the individual sclecting

the proportions. The job specifications may dictate some or
all of the following:

&.2.1 Maximum water-cement or waler-cemeatitious
material rato.

611 Minimum cement coalent.

623 Air coptent.

6.2.4 Slump.

6.2.5 Maximum size of sggregate.

6.2.6 Strengih

6.2.7 Orber requirements relating 1o such things as
strength overdesign, admimures, and special types of cement,
olber cementitions materials, or aggregale.

§3 Regardless of whether the concrete characterisiics
are prescribed by the specilications or are lelt 1o the indiv-
idual selecting the proportions, establishment of baich
weights per yd' of concrete can be best accomplished in ihe
following sequence:

63.1 Step 1. Choice of slump — If slump is sot
specified, a value appropriate [or the work can be selected
from Table 63.1. The slump ranges shown apply whea vi-
bration is used 1o consolidate the concrete. Mizes ol the
stiffest consistency that can be placed efficiently should be
used.

Table £.2.1 — Recommended slumps for various
typas of consiruction®

Slump, e
Types of tonarfuaction f M
Rednlorced foondsiion 3 |
wially mnd lootings
Plain footbngs, caiteons, and 3 I
ssbstructure wadly
Beami anad reimloroed walli
Baibding columas
Pawements and laba
Mlass conerer 1
*Shump may be il witn ch ' 1 800 wnard, provided
il i urn-irrmied concried e ik amee N bET S EET-COWERL OF maECT-
it materel ra o e dor B0t eukibi spryslns poiessial o oo

birribmg.
wm;uu-mr-l— ey of il oAbt Uhin vik

[Ty Y

632 Step 2 Choice of masimum size of sggregaile —~
Large nominal marimum sizes of well graded apgregates
bave less voids than smaller sizes. Hence, concretes with the
larger-sized aggregates require less mortar per unil volume
ol concrete. Generally, the pominal maximum size of ag-
pregaie should be the largest that is economically svailable
and consistent with dimensions of the strocture. In po event
should the nominal maximum size exceed one-fifib of the
narrowest dimension berween sides of forms, one-third the
depth of slabs, nor three-fourths of the minimum clear
spacing berween individual reinforcing bars, bundies of bars,
or preiensioning strands. These Hmitations are sometimes
waived il workability and metbods of consolidation are such
ihat the concrete can be placed wilhout honeycomb of void.
In srcas congested with reinforcing steel, post-tension ducts
or condulis, the proportioner should select a pominal max-
imum size of the aggregate so concrete can be placed with-
oul excessive segregalion, pockets, or voids. When high
sirength concrete ks desired, best resulis may be oblained
with reduced pominal maximum sizes of aggregale smince
these produce higher strengihs al a given waler-cement l'I_liD-
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Table 6.3.3 — Approximate mixing waler and alr conlent requirements for
ditferent slumps and nominal maximum slzes of aggregates

Water, lb/yd® of costrete for indicaed nominal maskmam sizel of

paie
Shump, I8, TWin =] in.*]% ims]0In #]1-40 iq."|1in..'u'-l[‘hn.' [ &in

ety Wi -ENErAERCS conCTOE

liad 0 | 3
Jiod b1 51 365
(IR a |
Muore than T - o

- Approakmate smount of eairapped 3 L.
akF ¥ ROE-8iF-enirained CORCPENE,

120 1%
M na

g

ys |20 [ 278
M0 | 323

=3
-
-

pefeend
Al emirained ConCren
1iod 308 | 5 | 0 | 20| 1IN0 140 s 180
Yiod 340 | Xx5 | M4 | 288 s 263 125 g
6T 65 | a8 | B8 || TS0 180 0 =
Morn thas 7* - - s - -— - = -

Kecommended wverages iotsl sar
coment, percenil fof beel of

L ool W T o

Mikd caposure a5 4.0 15 | 30 1.3 2.0 &

Meloerale expoiure (1] 3.3 5.0 | 43 4.3 4.0 Lt B Y

Severe exposurT’ 7.5 1.0 &0 | &0 15 50 | 43w &
'mhﬁiﬂd“"wrﬂfwﬂ#m\drn pated ooy iypeal LM L RS (EMETRARLE

633 Siep 3. Estimation of mixing waier and air
content — The quantity of water per unit volume of concrete
required 1o produce a given slomp is dependent on: the
pominal maximum size, particle shape, and grading of the
sgpregates; the concrele lomperalure, the amount of en-
trained air; and vse of chemical admixtures. Shump is nol
greatly affected by the quaatity of cement or cemenlitions
materials within pormal use levels (under lavorable cir-
cumstapees the wse of some fincly divided mineral admiz-
tures may kower water requirements slightly -- see ACI
212.1R). Table 633 provides estimates of required mixing
waler for concrete made with various maximum sizes of
aggregate, with and without air entrainment. Depending on
aggregate lexture and thape, mixing water requirements may
be somewhat above or below the labulated values, but they
are sulliciently soccurate for the firm estimale. The
differences in water demand are nol necessarily reflected in
sirength since oiher compeasating factors may be imvolved.
Amndududuuplummalc,bmhwund
similary graded and of good quality, can be expecied 10
prodoce concrele of aboul (he same compressive sirength for
{he same cement factor in spite of dillerences in wic or wie
+ p) resulting from the dillerent mixing water requirements.

hnkhmpakmlmiruhdiﬂm&ﬂn
|ﬂnplnwﬂlhehhﬂlhwemheblhh
sirength-producing capacity.

Chemical admixiires — Chemical sdmirtares are used 1o
umdifythepmp:niuulmﬂewmhhmnm
dnnbh.mdbtmmﬁul:hutmummmd
sel; sccelerale sirength gain; andior coatrol lemperature
gain. Chemical admiriures should be used only afler an
Wmtemmnwnmhummudummm
desired effects have been secomplished in the particular
concrele under the condilions of mtended wse. Waler-
reducing and/or sei-conirolling sdmirtures conforming o the
requirements of ASTM C 494, when uzed singularly or in
combination with otber chemical admixtures, will reduce
significantly the quantity of waler per umil volume of
concrete. The use of some chemvical admirtures, even ol the
same slump, will improve such qualities as workabdliry,
[inishobility, pumpability, durability, asd compressive and’
Nexural sircogih. Significant volume of liquid admixiures
should be considered as pan of the mixing water. The
slumps shown in Table £3.1, "Recommended Slemps fior
Various Types of Construction,” may be increased when
chemical admixtures are used, providing the sdmisture-
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. treated concrete bas the stame or a lower waler-cement ratio
and does not exhibil segrepation potential and excessive
bleeding. When oanly used 1o incresss slump, chemical
sdmixiures may not improve any of the properties of the
concrele.

Table 633 indicstes the approximale amount of
entrapped air 1o be expected in pon-sir-ealrained concrele
in the wpper part of the table and shows the recommended
average air coptent for air-entrained concrete in the lower
part of the table. If air entrainment is needed or desired,
three levels of air content are given for each aggregate sive

depending on the purpose of the entrained 2ir and the

severity of exposure if entrained air is needed for durability,

Mild exposure — When air entrainment is desired for a
beneficial effect other than durability, such as lo improve
wirkability or cobesion or in low cement [actor concrele o
improve strength, mir contents lower than those needed for
durability can be used. This exposure inclides indoor or
outdoor service in a climale where concrele will not be
exposed 1o freezing or 1o deicing agenis.

Moderate exposure — Service in a climate where [reezing
is expected but where the concrete will not be continually
exposed to moisture or [ree water for bong periods prior o
freezing and will not be exposed 1o deicing agents or other
apgressive chemicals. Examples inchade: exterior beams,
columns, walls, girders, or slabs that are not in contact with
wet soil and are 5o located thal they will not receive direct
applications of deicing salts,

Srvere axposure — Coacrete that is exposed 1o deicing
chemicals or other aggressive agents or where the concrete
may become highly saturated by continued comtact with
moisture or free water prior 10 freezing. Examples include:
pavements, bridge decks, curbs, putiers, sidewalks, canal
linings, or exterior waler tanks or sumps.

The use of normal amounts of air entrainment in
concrete with a specified strengilh near or sbhout 5000 psi
may nol be possible due 1o the fact that each added percent
of air kowers the maximum sirength obtainable with a given
combination of materialk.’ In these cases the exposure 10
waler, deicing salts, and [reczing lemperatures should be
carelully evaleated, If a member i= not conlinually wel and
will pot be exposed 1o deicing salis, lower air-content values
such as those given in Table 6.3.3 for moderate exposure are
appropriate even though the concrete is exposed 1o freezing
and thawing lemperatures. However, for as exposure con-
dition where the member may be saturated prior 10 [reezing,
the wse of air entrainment should not be sacrificed for
strength. In certain applications, it may be found thot the
content of entrained air is lower than that specilied, despite
the use of uwsually satisfaciory levels of air-entraining ad-
mixture. This happens occasionally, for example, when very
high cemeat comtents are involved. In soch cases, the
achicvement of required durability may be demonsirated by
salisfactory results of examination of air-void strocture in the
paste of the hardened concrete,

When trial baiwches are used 1o establish sirength
relationships or verify strength-producing capability of a
mixture, the beast favorable combidation of mixing water and

air content should be used. The air content should be the
mazimum permilied or likely to occur, and ihe concrels
should be gaged lo the highest permissible shumyp. This will
avoid developing an over-oplimistic estimate of strength on
the assumption 1hat sverage rather than extreme conditions
will prevail in the field. If the concrete obtained in the field
has & lower slump andfor air content, the proportions of in-
gredients should be adjusied 1o maintain required yield. For
additional informatitn on air conten! recommendstions, see
ACI 201.2R, 301, and WL1R.

! 634 Step 4 Selection of water-cement or waler-
cementitious mareérials ratio —~ The required wic or wifc + p)
is determined not oaly by strength requirements but abso by
factors such 3z durability. Since differeni aggregates,
cements, and cementilions materials geoerally produce dil-
ferent strengihs at the same wic or wife + p), it is highly
desirable to have or 1o develop the relationship between
strength and wie or wije + p) for the materials actoally io be
used. [n the absence of such data, approximate and relatively
conservalive values for concrete containing Type 1 portland
cement can be laken from Table 6.3.4(a). With typical
materials, the tabulated wic or wifc + p) should produce the
strengihs shown, based on 28-day tests ol specimens cured
under siandard aboralory conditions. The average strength
selected must, of course, exceed the specific streagth by a
sullicient margin to keep the number of Jow lesis within
specific limits — see ACI 214 and AC] 318,

Table 6.3.4(s) — Relationship betwesn waler-
cement o waler-cemantitious materials ratio and

compressive strenglh-ol concrete
= Water-cement ratlo, by weight
G Hen-nir-rograsned Aur-endrained
a0 I8 dayn, pal® comncTele COBCTELE
000 041 —
000 0.4 [LX ]
00 07 048
00 068 0.5%
o vl [§ ] 0.7
=W abaEy WP ERLE d aversge mynia for aii] B mOTT

wiot W e | m. Fo o given source of sppregaic, mreagh g
i T e el O 8 Rovesal maiimam uae o sgarepsie derTeasen

For severe condilions of exposure, the wic or wifc + p)
ratio should be kept low even though strength requirements
may be met with a higher value. Table 6.3.4(b) gives limiting
values.

When natural pozzolans, fly ash, GGBF slag, and silica
fume, hereafter referred 1o as porzolanic materials, are wsed
in concrele, & water-to-cemen! plus poxzolanic materials
ratio (or water-to-cement plus other cementitious materials
ratio) by weight must be considered in place of the tra-
ditional water-cement ratio by weight. There are reo ap-

APPENDIX

11910

i

et |3

A

{1t

When
cenia;
ceme
F.




PENDIX NDIX

118
11,910 ACI COMMITTEE REPORT
be the
merele Table 8.2.4(b) — Maximum permissible water- cement plus pozzolanic materials, expressed a3 a decimal
1is will camant or ynur-cimnuilm malerials ratios fof factor, is
gth oo concrats in gavers sxposures”
e Stucture wii cosmoudy Mm Fv = '_E_
¢ held or frequently end exposed | waer of c+p
of in- Type of srectere | 10 ireczing and thawiag’ weltaies
d For Thin sections
1, see bt o where
and pections wih 0,45 040 .
e st thaa | . cover : F, = pmnhnkmuﬁ:hpﬁmu;ehrﬂuhhw
:+p) AIl other roctures .50 oAy as & decimal factor
o by “Bascd om ppon of AL Commmines: 21 em—————— P = ﬂhl.aipmlani:nm:inh
gates, m“m.:ﬂ'ﬁfhl—lf!l £ = vm';h':ﬂmnt
w dif- u--mmmurrmllnhrhhﬂtu&“-‘-rﬂ#
highly A Y B A - (Note: If only ihe desired pozolanic materials perceatage
tween fmby.hﬂlumhmf,htmhmbﬂ
1o be pfm:humrnnyuadhd::emﬁnh;thnﬂc +p)mtic 1o F, as follows
wively thqlwilbcmudhrnd:qumhthmwﬂihﬂm
riland containing only poriland cement: (1) equivalent weight of F = 1
ypical materials or (2) equivalent shsolute volume of i 315\ (1
the muhhnmhkhthmhure,mmﬁtﬂwm 1 +( ][—-l]
s the weight equivalency, the total weight of pozzolanic G, J\F,
ength materials remains the same [that i, wife + p} = whe
by a direcily}: but the fotal sbeolute volume of cement plus  where
vithin materials will normally be slightly grester. With
the second approach, using the Eq. (63.4.2), a wife + pity F, = ic materials percentage by absolute volume
w"htiuhhwdmnminuhnhnmmhlam ol the total absolite volume of cement plus
relationship but that will reduce the total weight of cemen- pnunlukﬁm-i-hupmndundﬁimllw
- sitious material since the specific gravities of pozzolanic G, = specific gravity of pozzolanic materials
malerials are normally less than that of cement. 1,15 = specilic gravity of portland cement [use actual value
= The equations for converting a target water-cemenl matio il known 1o be dilferent] )
P wic 10 & welght ratio of water lo cemenl plus pozzolanic
S materials wifc + p) by (1) weight equivalency o (2) volume Exampie 6.34.1 — Weight equivalency
equivalency are as follows: I & waler-cement ratho of 0,60 b required and a fiy ash -
pnmh-iwumdumpuwuohhuumﬁlm
Egq. (6.3.4.1)-Weight equivalency matesial in the mixure by weight (F, = 0.20), then the
— required waler-io-cemeni plus pazzolanic material ratic o8
- ¥ weight ratio, weight equivalency = . a weight equivalency basis is
- i £ w w
= = — = (.60, and
rd c+p ¢
Tor where
%
= weight of water divided by weight
" e ight of by weig pis Paem
- of cement + pozzolanic materials R
kpl
e o = Assuming an estimated mixing-waler requirement of 270
Ring € gt Whler-camint alio: O welghe by, then the required weight of cement + poxzolan is 270
+ 0,60 = 450 Bb; and the weight of porzolan is (0.20){450)
- = 90 Ib. The weight of cement is. therefore, 450 - 90 = 360

When the weight equivalency approach is used, the per-
centage or fraction of pozzolanic maerials ueed in the
cementitious material is usually expressed by weight. That is,
F., the pozzolanic malerials percentage by weight of total

519

hl{imwulmpcfmlmuhbywﬁ;h,mpemlhy
sbsolute volume of cement plus pozzolan was specilied (F,
- ﬂ.m},lhtmmﬂldinlw"hlmkmltdu
follows for a fiy ash with an assumed gravity of 2.40:
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s L
liﬂg l-]
G, | F,
1
[1{& [L—-l
240/102
1 1 .1 016

F = -
¥ O 1+(131}4) 1+524' 624

In this case 20 percent by absolule volume is 16 perceal by
weight, and the weight of pozzolan in the baich would be
(0,16){430) = 72 I, and the weight of cement 450 - 72 =
378 b

Eq. (6.3.4.2) - Absolute volume equivalency

W weight ratio, absolute
-E+P‘

volume equivalency =

3 Lt
c

3.15(1-F) + G,(F)

where
_* = weight of water divided by weight of cement +
¢+ p porzolanic materials i

LAE

= larget water-cement ratio by weight

315 = specific gravity of porthind cement (use aciual value
il knowm 1o be dilferent)

F, = pomolan percentage by absolute volume of ibe total

absolute volume of cement phus pozznlan, expressed
2z & decimal [actor

{Note: If oaly the desired pozzolan percentage by weight F_
is known, il can be coavened o F, as follows

e

where these symbols arc the same as defined previously.)

=
]

Example 6.3.4.2 - Absolute volume equivalency
Use the same basic data as Example 634.1, but il
should be specified that tbe equivalent water-io-cement plus

pnmhlnti:rbemﬂ:lkhdnnmm#lhnhlc
volume, which will maisiain, in the mixture, Lbe same ratio
of volume of water 1o volume of cementitions material when
m&mmtﬂhmmtpmmm
the. required water-cement ratio is 0.60, and it is assumed
initially that it is desired 10 use 20 percent by absoluie
volume of fly ash (F, = 0.20). The specific gravity of the fiy
ash is aszumed to be 2.40 in this example

3.15[!]
W &

cep 3I5(1-F)+G,(F)
. 315050
(.15)(080) + 2:40)(020)
_!'_— =

1.89
+ — =63
252+048 3.00

So the target weight ratio 1o maintain an sbsolute volume
equivalency is wifc + pp) = 0.63. If the mixing water is again
270 Mvyd,, then the required weight of cement + pozzolan
770 + 0.63 = 429 Ib; and, since the corresponding weight

e factor for F, = 0.20 is F, = 0.16 as cakulaied in
Example 63.4.1, the wright of Oy ash to be used &
[ﬂ.lé}(ﬂ?}-Hnu-d:hevei‘htulcemmilﬂ-w-
360 Bb. The volume equivalency procedure provides lower
weights of cementitious materials. Checking the absolute
vohames

[ 1

ath & ————— = (48]
sy ash = yam P
S B
cement = o P

total = 0.461 + 1832 = 2.2934°
percent pozzolan _ 0461

—— x 100 =20 nt
by voliowe 2293 i

If, instead of 20 percent Dy ash by volume (F, = 0.20),
weight percentage of 20 percent was specified (F, = 0.20),
it conld be converted 1o F, using G, = 2.40 and the
sppropriate formula

1
14 [ L | T
315) | F.
F, = d
1+ (&] _1—1]
3.15) l02
b 1 (o
» " T+ (0762)4) 4048

F, =

= 0.247

In this ease 20 percent by weight is almost 25 percent by

wm

#1912
absolate

will have
been cha

Table
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APPENDIX APPENDIX
1mm L2
[ absolute ahsolute volume. The equivalent wi{c + p) ratio by volume
same ratio will Bave 1o be recomputed for this condition since F, has
erial when been changed from that originally astumed i this example
lan. Again
5 assumed w
¢ absolute W a5 [F]
v [lh -
el c+p  3I51-F,) + GF,)
4 (3.15X(0.60)
3.15(0.75) + 2.40(0.25)
B ¥ B © 7
236 + 060 296
Tﬂﬂmﬂbﬂ!mlﬁ:hlmﬂbnm+ﬂ.ﬁ4-lﬂh
Of this weight 20 percent (F, = 0.20) would be My ash;
(422)(020) = 84 T of fly ash aod 422 - 84 = 338 B of
cemenl.
§3.5 Siep 5. Calculation of cement contenl - The
e volume wutn[mmtpﬁmmmulmmﬂhﬁndw
i s again \be delerminations made in Steps 3 and 4 above. The
pozzolan required cement is equal 1o the estimated mixing-water
ng weight content (Step 3) divided by the water-cemenl ratio (Step 4).
ulsted in lt.hmtm.thqm:iﬁ::linli:hdulwpuﬂuni-inmm
used is iﬂuummdﬂhnmﬁmulﬂmmhuﬂ
0.6 = mbﬂr.ﬁu-ﬂﬂnrumﬂhhﬂmﬂﬂm:uﬂcﬂm
fex Jower feads 10 the larger amount of cement.
shsolute mmnlpmhn&:orchmiulndminmﬁnnﬂm
propertics of both the fresh and hardened concrete. See ACI
1L
I_ﬁ" 3.6 Step 6. Estimation of coorse aggregate conlenl =
. Wtﬂdmthhﬂeummalmﬂmumm
| and grading will produce concrete of satisfaciory workability
3 o | when a given volume of coarse aggregale, on an oven-dry-
[ rodded basis, is used per wmil volume of concrete.
i 12 values for this aggregate volume are given in
Table 63.6. It can be seen that, for equal workability, the
ercent voleme of coarse aggregate in a unit volume of concrete is
dependent only on its nominal maximom s2e and the fine-
0,207, a
- ﬂ.ﬁn.
and the Table 6.3.6 — VYolume of coarse aggregate per
unit of volume of concreis
! Wishame Of oreen -y codded roare
I & oomerese Tor tr:-i'hﬂﬁl :-dnl.l
Mﬂw of fine aggregaie’
__of aggregate, im. 240 .60 1.0 1.00
# 0.50 .48 0.k T
[ " X 057 0.35 0.5
| L 0.6k 0.84 042 b0
I on 0.69 0.6 065
] 1% 0.7s [ 5] amn 0.9
1 0 0 oM 8.7
3 82 .80 o 0.7
& ox 0.8 0.8 o8l
7 'THIIHHWI"-HMWIW
s ASTM C 5.
mm“m:_.ﬁdm o ot CONCTIN
wak & degres of woriabelin y suisble My wsual neinforoed oRilTUCER For i
wetimble CofcTese, Such Ei hegeied Bt Coscrrie pavemstn pomiliuction, iRy
may b incremecd Bbhowi ww.hmwmm:mm
reent by L ASTM € 136 for calcularion ol fimeness moshien

i
il
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pess modulus of (be [ine aggregate. Dilferences in the
amount of moriar required for workability with different
sggregaies, due 1o differences in particle shape and grading,
are compensated for automatically by differences in oven-
dry-rodded void costent.

The volume of aggregate in fi’, on an oven-dry-rodded
basis, for a yd' of concrete is equal 1o the value from Table
63.6 nnhh:liadhfﬂ. This volume is cooverted o dry
weight of coarse aggregate required in 8 yd of concrete by
multiplying it by the oven-dry-rodded weight per f1* of the
coarse MEEregate.

€.13.6.1 For more workable concrete, which is
sometimes required when plscement is by pump of when
concrele must be worked around congested reinforcing steel,
it may be desirable 1o reduce Lhe estimaied coarse aggregate
content determined using Table 6.3.6 by up to 10 perceal.
However, caution must be exercised to assure that the
remulting slump, Wwater-cemenl of waler-cementitions
matesials ratio, and strength properties of the concrete are
mﬁmlwﬁiﬂamdlﬁmlhhﬁhuﬂ,lud

. §.3.4 and meet applicable project specification requiremesls.

-ﬂ?SfcpIEﬂMbﬂde:mmnM
mhliu-otﬁlcpﬁ.llh;mdimﬂnllhmhm
been estimated excepl the fine aggregate. Its quastity is
dﬂnminodhdﬂnmﬂhwdm;mmdummhe
employed: the weight method {Section 63.7.1) or the
sbsolute volume method (Section 6.3.7.2).

§3.7.1 Il the weight of the concrete per wnil
volume is assumed or can be estimated from experience, the
r:quirad-d;hlolﬂuwhhﬂnphmm
hmmuuum&mmmmmwd
mm:wmumnﬂtmwﬁhm!mwh
known with reasonable asccuracy from previous expericace
with the materials. In the absence of such information, Table
£3.7.1 can be used to make a first estimate, Even i the
estimate of comcreie weight per y is rough, micure
proportions will be suificiently sccurale 10 permil easy
adjusiment oo the basis of trial batches as will be shows in
the examples.

Table 6.3.7.1 — First estimate of weighl ol iresh
concrete

esrminal | Firss estimany of comcyete weaght, Ib/yd™
maximum e Hon-gis-mii eised Adr-rmtrsissed
of kgpregate, ino comcToiE COCT B

M b 3710

¥ M 0

% Yol ABa

I oo M50

4] I e

2 Al w0

] o300 A

i AL alin
*Valurs cakoulmed by Eg 1) fov cwmcrme of medium rickacu (130 B of
coment g ") i Al Wi -uu--_-m:.:mﬂ:!.l'-
v Feguire et bt on vabucs for ) 0 4 i shamg in Tabc 600, 11 desiied,

|u.-m-¢i|u:mnnﬁ-luhhﬂd'uu inil armution n
wenblable [o0 ach 40 T dilFerency i miskeg waser from 1ae whie £.1.1 vahury
" i e eppasnr duciion;

E
i
|
:
|
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APPENDIX

PROPORTIONS FOR HORMAL, HEAVYWEIGHT, AND MASS CONCRETE MA-13

If a theoretically exact calculation of fresh concrete
weight per yd' is desired, the following formuls can be psed
U = 1685 G, (100 - A)

+¢ll - GJG) - w(@, - 1) i

i

weight in Ib of fresh concrete per yd®

weighted average specific gravity of combined fine
and coarse aggregate, bulk 55D*

specilic gravity of cemeant (generally 3.15)

uir comlent, percent

mizing water requirement, Ihiyd’ -
cemenl requirement, Ihiyd"

63,72 A more exact procedure for calculating
ihe required amount of fine aggregate involves the use of
wolumes displaced by the ingredients. In this case, the ol
volume displaced by the kmown imgredients—waler, air,
cementilions malerials, and coarse spgregate—is sublracted
from the wait volume of concrete 1o obtain the required
volume of fine spgregate. The volume cocupied in concrete
by amy ingredient is equal 1o jts weight divided by the density
of that material (the laler being the product of the unit
weight of water and the specific gravity of the material).

638 Siep & Adjusiments for aggrepale moisture -

The aggregate quantities actually 1o be weighed oot for u:a
concrete must allow for moisture in the aggregates. Gen-
erally, the aggregates will be moist and their dry weights
should be increased by the percentage of waler they contain,
both absorbed and surface. The mixing water added 1o the
batch muost be redoced by an amount equal to the [ree
maoisture contributed by the aggregate — Le., total moisture
minus shsorption.

63481 [n some cases, it may be necessary 1o
batch an aggregale in a dry condition. Il the absorplion
(vormally measured by scaking one day) is higher than
spproximately one percent, and if the pore structure within
the aggregate particles is such that a significant [raction of
the absorplion occurs during the time prior o initial set,
there may be a noticeable increase in the rate of sump koss
due w0 an effective decrease in mixing water. Also, the
ellective water-cement ratio would be decreased for any
waler absarbed by (e aggregate prior 1o set; this, of course,
assumes that cement particles are not carried inlo aggregale
particle pores

0=
i

L -~

EJJ.I Laboratory irial batch procedures
sccording 1o ASTM C 192 allow the batching of laboratory
air-dried aggregates i their absorplion is less than 1.0 per-
cent with an allowance for the amount of water that will be
absarbed [rom the unset concrete. It s sugpested by ASTM

* S50 mdicaie mniarnied-suriscy-dry b wed i comsidering spprepds dophce-
mel. Tha sggrepsia apevilic prwy used i cabruld o wasl be comisiend wik e
moihie condilion smmed 5 the bk sgpreguie beich wnighin = Le. bull dey if
spgregels wrighly are dated on o dvy beai, mod bulk S10 i weglls wre siwied om
wndursbed smifeie diy ek

C 192 that the amount absorbed may be assumed 1o be 80
percent of the dillerence between lhe sctual amount of
waier in ibe pores of the aggregate in their air-dry state and
the nominal 24-hr absorplion determined by ASTM C 127
or C 128, However, for higher-absorption sggregates, ASTM
C 192 requires preconditioning of aggregates 1o satisfy
absoaption with adjustments in aggregale weight based oo
total moistore content and sdjustment 1o fnclude surface
moisture a3 & part of the required amoust of mixing water.
639 Siep 9. Triol batch adjustments - The calculated
mitture proportions should be checked by means of trial
batches prepared and tesied in accordance with ASTM C
192 or full-sized field batches, Only sufficient water should
be used 1o produce the required slump regardiess of the
amount assumed in selecting the trial proportions. The
coacreie should be checked for unit weight and yield (ASTM
C 138) and for air content (ASTM C 138, C 173, or C 1)
Ilﬂ:oluikuhurduﬂynhﬂwdhpmperwrhbi‘uy
freedom [rom segregation, and finishing properties. Appm-
priate sdjustments should be made in the proportions for
subsequent baiches in sccordance with the following

639.1 Re-estimate the required mixing water
per yd® of concrete by mulliplying the net mixing waler
coatent of ihe trial batch by 27 and dividing the product by
the yield of the trial baich in ft". If the shump of the trial
baich was not correct, Increass or decrease the re-estimated
amount of water by 10 Ib for each 1 in. required increase or
decrease in slump.

63592 If the desired asir comtemt (for air-
entrained concrete) was pol achicved, re-estimate the admir-
ture coslent required for proper air content and reduce of
increase the mizing-water content of Paragraph 6.3.9.1 by §
B for each 1 percenl by which the afr content is 10 be
increased or decreased from that of the previous trial baich,

6393 I estimated weight per yd® of fresh
concrete is the basis for proportioning, ro-estimale that
weight by muliiplying the unit weight in By’ of the trial
batch by 27 and reducing or increasing the resuh by the
anlicipaled percenlage increase or decrease in air content of
the sdjusted batch from the first trisl batch.

6.3.9.4 Calculate new baich weights starting with
Step 4 (Paragraph 6.3 4), modilying the valume of coarse ag-
gregate from Table 6.3.6 if necessary 10 provide proper
workabiliry,

CHAFTER 7 -- SAMPLE COMFUTATIONS

7.1 Two example problems will be used 10 illustrate
application of \he proporticning procedures. The following
conditions are assumed:

7.L.1 Type | noo-air-entraining cement will be used
and ils specific gravity is assumed 1o be 3.15.1

TV Tha specific graviey vahses wre el e i pooporiees see skt s provide §
wetighi 0l oecrebs mamamed in socapy 1 ',
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