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3.3 — Aggregates

3.3.1 — Concrete aggregates shall conform 1o one of
the following specifications:

(a) "Specification for Concrete Aggregates” (ASTM
C 33).

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

Exception: Aggregates which have been shown by
special test or actual service to produce concrete of
adequate strength and durability and approved by the
buiiding 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) Y/, 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 to 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. Tt 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
concreie are such that the concrete can be placed without
honeycomb or voids. In this instance, the engineer must
decide whether or not the limitations on maximum size of
aggregale 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 (Jlength change), bul
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 imparities that may be deleterious to concrete or
steel.
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aggregate o oblain @ desired prading, provided  that the
gradings are nol otherwise restricted by the project specilicr
wned the noumanal rmaximuen size indicated by the size number s
ol exceeded,

4,332 The class designation {see 11.1 and Table 33,

4333 Whether the restriction on reactive matedals in 11,2
applies,

4334 In the case of the sullate soundness test (see Table
3), which salt 15 10 be vsed. If none is stated, either sodium
sulfate or magnesinm sulfate shall be wsed, and

434 The person tesponsible for sclecting the concrele
proporiions i other than the concrete producer.

435 Any exceplions or additions o this specification (see

Mote 1).
FINE AGGREGATE

&, General Charscteristics
5.1 Fine aggregate shall consist of natural sand, manulac-
pured sand, or @ combination thereol.

6. Grading
t.1 Sieve Analysir—Fine agpregate, excepl as provided in
6.2 and 6.3 shall be graded within the Tollowing limits:

Sheve (Spealication E 11} Percant Fassing
9.5 [Hew) 100

4 TE-rwn (Mo d)p 05 1 800
2.36-mm (Mo &) 80 o 100

L 1B-mun (Mo, 16) 50w BS
BOO-gam (Mo, 30) 24 o 60
300-ym {No. 50 5o 30
150 P (Mo, 100} 0 b3 10

Mure I—Coscrete with fine aggregate pradings near the minimuoms for
perceat passing the 00 jom {No 500 aid 150 pm (Mo 100) sometimes have
difficulies with workability, punging or excessive blesding. The whdition
of cotrained air, additional cement, or the addition of an approved mineral
slouxiure 1o suppdy the deficien) fines, are methods used (o alleviale such
difBcultics.

6.2 The fine aggregate shall have not meore than 45 %
pussing any sieve and retained on the next consecutive sieve of
those shuwn in 6.1, and its fineness modulus shall be not less
than 2.3 nor more than 3|

63 Fine aggrepaie fuling (0 meet these prading require-
ments shall meet the requirements of this section provided that
the supplicr can demonsirate 1o the purchaser or specifier that
runcrele of the class specilied, made with fine aggregate under
eonsideration, will have relevant properties (sce Note d) at
kst equal 1o those of concrets made with the same ingredi-
£ms, with the exception that the reference fine aggrepate shall
be selecied from a sourre having an acceptable performance
tecond in similar concrete consiruction.

Nomx 3 Fine aggregatc thal confurms to the grading requirements of
! ecification, prepared by anothes e ganization such &s o stale Wanspor
“'?“ agency, which is in geaeral wse in the ared, should be considered ac

e W satisfaciony service Tecomd with regard to those comorele
Popesties aiccied by grading

Mot 4 HRelevant propeaties are those prapeities of ghe CURE TRt
are amporiant W the pacticulas application being cunzsidersd STP jpoce
provides a discuzsion of impoitant concrel: Properies

6.4 For continuing shipments of fine aggregate from a given
source, the fineness modulus shall not vary more than (0,20
from the base fineness modulus. The base finencss modulus
shall be that value that s typical of the source. The purchaser
o specifier has the avthocty 1o approve o change in the base
fineness modulus,

Mg 5—The baie finencss modulos shiuld be determined from
previous teas, of iF no-previows tests exist, from the average of the
fineness modulus values (ot the first 1en samples (or all preceding samples
il less tham tend on the order The Proporoning of 3 concrefs mis lure iy
be dependent on the base lineacss modulus of the fine ApgrERale 10 be
used. Therefore, when it appears that Ihe base finencss modulus s
considerably different from the value used in the concrete mixture, a
suilable adjustment in the mixture may be NECESEWy,

7. Deleterious Substances

.1 The amount of deleterious substances in fing dgpTegate
shall not exceed the limits prescribed in Table |

1.2 Ocpanic tmpurities

7.2.1 Fine aggregate shall be free of injurious amounts of
organic impurities. Except as herein provided, aggrepates
subjected 1o the test for organic impurities and producing o
color darker than the standard shall be rejecied.

722 Use of & fine agpregais failing in the ftest 15 nod
prohibited, provided that the discoloration is due principally to
the presence of small quantities of coal, lignite, or similar
discrete particles.

1.2.3 Use of a fine appregate failing in the test 1z not
prohibited, provided that, when tested for the effect of organic
impurities on strength of morar, the relative strength at 7 days,
caleulated in sccordance with Test Method © 87, s not less
than 95 %,

7.3 Fine aggregate for use in concrete that will be subrject 1o
welling, extended exposure 1o humid atmosphere, or conlaci
with moist ground shall not contain any materials that are
deleteriously reactive with the alkalies in the cement in an
amount sullicrent to cause excessive expansion of mortar of
concrete, except that if such materials are present in T ETH
amounts, use of the fine apgregate is not prohibited when used
with a cement containing less than 0,60 % alkalies caleulated
as sodium: oxide equivalent (Na,() + ¢ 658K,00} or with the
addition of a material that has been shown 1o prevent harmful
expansion due 10 the alkali-aggregate reaction. (See Appendix
X1.)

B Soundness

B.l Except as provided in B2 and B3, fine appregate
subjected to five cyeles of he soundness test shall have a
weighted average loss not greater than 100% when sodium
sulfate is used or 15 % when magnesium sulfate is used.

£.2 Fine aggregale failing 10 meet the requirements of B 1
shall be regarded as meeting the requirements of this section
provided that the supplier demonstrates to the purchaser or

*Signgpcance of Fenin upd Propemes of Conceete and Concreis Making
Marernals, STP 600 ASTM, 10
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which, i ellect, [t the characteristics of the available
malerials inlo a micture suitable lor the work. The quesiion
of suitability is frequestly pot kel 1o the individual selecting

sirength concrete is desired, best resulis may be oblained
with reduced oominal maximum sizes of aggregale sance
these produce higher strengihs 31 a ghven waler-cemen) raka

516 APPENDIX APPENDL
PROPORTIONS FOR HORMAL, HEAVYWEIGHT, AND MASS CONCRETE 1.7 M.
cold weather, and the presence of chemical admixivres pol the proportions. The job specifications may diclate some of
formulated especially for scceleration. all of the following: .
Because of the possible adverse effects on linishing time 6.2.1 Maximum waler-cemenl or Waler-cemeatitious
and consequeni labor costs, in some cold climates the pro- material ratio.
portion of otber cemenlitious malerials in the blend may 6.1.1 Minimum cemenl content.
have 1o be reduced below the optimum amount for strenglh 613 Air conlenl.
considerations. Some Clazs C fly ashes may alfect setting 6.2.4 Shump.
lime while some other cementitious materials may have hittle 6.1.5 Madimum size of aggregate.
effect on setting time. Any reduction in cement content will 6.2.6 Strength
reduce heal peneration snd normally prolong the setting 6.1.7 Other requiremesis relating to such things a5
time, strength overdesign, admiztures, and special types of cemen,
other cementitious materials, or aggregate.
63 Regardless of whether the concrete charsclerisics
CHAPTER 5 — BACKGROUND DATA are prescribed by the specifications or are lefl 1o the indiv-
jdual selecting the proportions, establishment of baich
£1 To ibe extent possible, selection of concrete pro- weights per yd' ol concrete can be best accomplished in Lbe
portions thould be bazed on test data or expericace with the following sequence:
malerials actually 1o be wsed. Where such background is 63,1 Step I Choice of slump — I slhump is nod
limited or mot svailable, estimates gives in thix re- specilied, a value appropriate for the work can be sclecied
commended practice may be employed. from Table 6.3.1. The slump ranges shown apply whea vi-
£.1 The lollowing informaticon for available materials will bration is used 1o comsobidate 1he concrete. Mixes of the
be useful stilfest consistency thal can be placed efficiently should be
£2.1 Sieve analyses of fine and coarse aggregates. nzed
51.2 Unit weight of coarse aggregale.
£1.3 Dulk specific pravities and absorptions of I;;;: tT:Lc‘on_s lr:cc;ﬂ'h:""""-d slumps for various
e . s : ) “Shmp
524 Mimng-waler requiremenis of copcrele l o e
. . Typed of CoRTcs | Masimum Pebimimmum
developed from experience with available aggregates T s = T
515 Relatjonships berween  strength  and el a0d footings | )
waler-cement rato or ratio of water-to-cement plas other ?“‘b:."'“i""-:""n:"”' =] | ] -
cemeniilious materials, for available combinations of Mot and peinforced wall i i
cemenls, other cemenlilicus materials if considered, and Building columa : | ]
' Pavements andd dabs 3 ]
nm\cgalrs. Mlma COnCTELE | rd ]
5.2.6 Specific gravities of portland cement and other S e P ——— ey
cemenlitious materials, if used. e o o
Lt By J {.)pﬁ.mum DCI_I!‘lbI.nlII:}II of coarse aggregales 1o "‘.'H":‘:“__,,_d | i el ] onsodvistom ol (REn b R coiel
meel Ibe matimum density gradings [or mass concrete as equ
discussed in Section 5.3.2.1 ol Appendix 5. 63.2 Step 2 Choice of maximum size of aggregale — L__m
53 Estimates [rom Tables 633 and 6.3.4, respeciively, Large nominal maximum sizes of well graded aggregates i
may be used when items in Section 5.2.4 and Section 635 have less voids than smaller sizes. Hence, concretes wilh the Iﬁ
are pot available, As will be shown, proportioas can be larger-sized aggregaies require Jess mortar per unil volume rel
eftimated without the koowledpe of apgregate-specific of concrete. Generally, the nominal maximum size of ag- E:m
gravily aod absorption, Sectiop 5.2.3. gregate should be the largest that is economically available cud
and consistent with dimensions of the structure. o po evenl e
should 1he pominal maximum sive exceed one-filth of the 211
CHAFTER 6 — PROCEDURE narrowest dimension between sides of [orms, one-third the sl
depth of slabs, nor three-fourths of the mitnimum clear agp
6.1 The procedure for selection ol mix proportions given spacing between indnvidual reinforcing bars, bundles of bars, agd
in this section is applicable o pormal weight concrele. or prelensioning sirands. These Emilations are somelimes be
Althouph the same basic data and procedures can be used waived il workability and methods of consolidation are such —
in proportioning heavyweight and mass concretes, additional that the concrete can be placed withoul honeycomb or void il
wnformation asd sample computations for these types ol In arcas congested with reinforcing steel, post-lension ducts oy
concrele are ghven in Appendives 4 and 5, respectively. or conduils, 1he proportiioner should select a pominal max- A
61 Estimaling the required baich weights for the imum size of the aggregate = concrete can be placed with- s
comerele ipvolves a sequence of logieal, straightlorward steps oul excessive segregation, pockels, of voids, When high pr

wh
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Tabla 6.3.3 — Approximals mixing water and air content requirements lor
e or diterent slumps and nominal maximum sizes of sggregates
water, Teryd' of toncreie for -hd_ll'lltﬂl;'ﬂ'l'lnﬂ maxiEnUm HEEL :_u_f_aurnrmr__ =y
titious T R i L L1 (L L Tam= [y [éin
) Msh-@ir-eniralned condi o
e e ——— gy — T
b2 350 | 13 15 | Mo :|'-'-_| L} 13 190
Jiod i3 M MO | 328 i i 145 o
bio7 a0 | s | 0 | Mo | 23 30 1M =
Mlore than 7 | — —_ - - — | -
Approximaie amount of enirapped | 23 B I 1 0.3 gy | o
air i mon-ap-entrakned coperete,
pereent . = N .
s e Ajf-entrained ronCrEL T
atal, Tl . < | 35 | 0 |10 w0 | | MO 18
Yo d ) b ¥4 Wy | 9% P b4 218 00
bt i ? WS | s | B8 | o 290 80 el
Tislics P H; ; : = - | - =3
indm- Eoecommended avsragey iodal air
cesmient, perceni o bevel of
baich el .
in the Midd exposure 45 | 0 | 38 |30 235 20 [aaee ] e
Boudcinte ERpodLaT &0 3.3 50 | 43 a3 4.0 1.3 3
: Severe ExpoAure” 15 1 20 in]na !-!_J_!-I]_JI_‘.“' 4
B ol .'T;r_m:ur-imnrr pﬂh:'-ol al -amiraingd COBCIEE BT aasd o 1 Lodn] i ORI (EQUITIREELE
lected i sl for meicderass expomre’ i U lable sbov Theear geaminic of wivin) = WY for e im compasing o
. ﬂ.m:hﬂlﬂdh:hﬂ.ﬂmﬂr mmmluwdmww'p&l
[ -r'-uL-.z-lmﬁwﬁmm.lm‘wﬂlﬂm-ﬂg"ﬂlxlkﬂﬂﬂhm&--ﬂmﬂ
[ th u-d}i'bhﬂluﬂmn.ih-ll:mrmlh- -—uud--;m—':-l.ﬁun.ﬂhlfm—:-nh-rt
A 1he &ut.«qﬂllh!jﬂnﬂlumThﬂd—llnqmmh-rhﬂu;p—lnlrkmdmhn
ild be prm-—hq—mlummwmmth.m-hwimw_ﬂ-mmmﬂd
m-ub-r,m-pmlnrm-p:uc—l-q_-nl l.h‘]:llﬂmlhr-dlhill.
THMIMTMM:W;'-HW'F tham 14 -.muudnq:hl'-nl.m.-lm Py il
of -;I-.um-lb'.-h-nmml.'
s hmhﬁwhmnmw-:mmrmmlr.-ulnllunm-hrh}n of | . -
-l-q_mwt'-uxd.'lurr-ummmﬂl}dhp-d:m_u-u.wﬂnﬂh-
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§33 Siep 3. Estimation of mixing waler and air
content — The quantity of waler per pnil volume of conerele
required 1o produce 8 given gomp is dependent on: the
pominal maximum size, particle shape, and prading of the
apgregales, ihe concrele \cmperalure, the amount of en-
trained air- and vse of chemical admixiures. Slump is nol
greatly affected by the quantity of cement of cemenlilious
materials within pormal use kevels (under [avorable cir-
cumstapces the use of some finely divided mineral admix-
jures may Jower waler requirements slightly - see ACI
212.1R). Table 633 provides estimates of required mixing
water for concreic made with various maximum sizes of
apgregate, with and withoul air catrainment, Depending oo
aggregate texiure and shape, mizing waler requirements may
be somewhat above or below the tabulated values, but they
are sulficiently sccurate for ihe first estimate. The
dilferences in waler demand are not necessarily reflected in
strengih since olher compensating factors may be mvohved.
A rounded and an angular coarse agETegale, both well and
similarly graded and of good quality, can be expected 1o
produce concrete of about the same compressive streagth for
ihe same cement factor in spite of dilferences in wie or wifc
+ p) resulting from the different mixing waler requirements.

i 5 ol o il pmornas phese @ chr STV I ke mmoriar
practicr, 0 may be dnmablk o s
povual e ishaiel

Particle shape & Dol necessarily an indicator that an
aggregate will be  either above of below in s
sirengtb-producing capacity.

Chemical admizures - Chemical admixtores are msed 1o
modify the properties of concrete to make it more workabile,
durable, andior economical; increase of decrease the time of
et secelerale strenpth gain; asdlor control lemperature
pain. Chemical admirtures should be used only afier an
appropriate evaluation has been conducted 10 show thal the
desired eflects have been accomplished in the particular
concrele under the conditions ol inlended use. Waler-
reducing andjor sei-controlling admixiures conforming 1o the
requirements of ASTM C 4H, whea used singularly or in
combination with otber chemical admixtores, will reduce
significantly the quanlity of water per umit volume of
concrete. The use of some chemical admixtores, even al the
same shump, will improve such gualities a3 workabiiry,
{inishability, pumpability, durability, and compressive and
flexural strengih. Significant volume of liguid admitiures
should be considered as pan of the mizing water. The
dumps shown in Table 63.1, *Recommended Shimps for
Varicus Types of Construction,” may be imcreased whes
chemicol admixtures are used, providing the pdmixture-
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treated concrete has the same or a kower waler-cement ratio
and does pot exhibil segregation potential and excessive
beeding. When caly esed 1o increase shump, chemical
admittures may nol improve any of the properties of the
condrele.

Table 633 indicates the approximate amount of
entrapped air 1o be expecied in non-sir-cnlrained concrele
in the wpper part of the table and shows (he recommended
sverage air content for air-entrained concrete in the lower
part of the table. If air catrainment i needed or desired,
three levels of air content are given for each aggregaie size
depending on the purpose of the entrained air and the
severity of exposure if entrained air is needed for durability.

Mild eposire — When air entrainment is desired for a
beneficial effect other thas durability, such as 1o improve
wirkability or cobesion or in low cemenl [acior concrete 1o
improve strengih, air contents kower than those needed for
durability can be used This exposure includes mdoor or
outdoor service i a climale where concrele wall ol be
exposed 1o freezing or to deicing agents.

Moderate exposere — Service in 8 climate where [reezing
is expected bul where the concrete will not be continually
exposed 10 moisture or free water for long periods prior 1o
[reezing and will not be exposed 1o deicing agents or other
sgpresaive chemicals. Examples include: exterior beams,
colomns, walls, pirders, or slabs that are sot in conlact with
wel soil and are 2o located that they will not recerve direct
applications of deicing salis.

Severe exposure — Coscrele hat is exposed 10 deicing
chemicals or other aggressive agents or where the concrele
may become highly ssterated by conlinuwed contact with
moisture or free water prior to freezing. Examples inchude:
pavements, bridge decks, curbs, gutters, sdewalks, canal
linings, or exteror water lanks or sumps

The use of normal amounts of sir enlrainment in
concrele with a specified strength pear or about 3000 psi
may ool be possible due 10 the fact that each added percent
of air lowers the maximum strength obtainable with a given
combinstion of materiak’ In these cases the exposure 1o

waler, deicing sals, and [reczing temperatures should be
carefully evaluated. If a member is pot contioually wet and
will not be exposed 1o deicing salts, kower air-conteni values
such as tbose piven in Table 6.3.3 for moderale exposure are
appropriale even though the concrete is exposed 1o [reering
and thawing temperatures. However, for an exposure con-
dition where the member may be saturated prior 1o freezing,
the wse of air entrainment should not be sacrificed for
strength. In cerain applicalbons, it may be found that the
content of entramed air is kower than thal specified, despile
the wse of vsually satisfactory levels of air-entrainiog ad-
mixture. This happens occasionally, for example, when very
high cemenl coplents are iovoled. In soch cases, lhe
achievement of required durability may be demonstrated by
satisfactory results of examination of air-void struecture in the
paste of the bardened concrele.

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

APPENDIX
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air cootent should be used. The air content should be he
mazimum permitied or likely 10 occur, and the concrele
thould be gaged 1o the highest permissible shimp. This will
avoid developing an over-oplimistic estimale of strengih on
the assumplion that sverage rather iban extreme conditions
will prevail in the ficld. If the concrete obtained in the field
has a lower shump andior air content, the proportions of -
gredients should be adjnsted 10 maintain required yield. For
sdditional information on air content recommepdations, see
ACT 201.2R, 301, and 302.1R.

634 Siep 4 Selection of waler-cemenl or waker-
cementitions matérialy ratic -- The required wic or wijc + p)
i determined not oaly by strength requirements but abo by
factors such a: durability. Sioce dilferent sggregaies,
cements, and cementitions materials generally produce dif-
ferent sirengths at the mmme wic or wife + p), i i bighly
desirable 10 have or 1o develop the relationship between
strengib and wic or wiic 4 p) for the materials actually jo be
used. [a the absence of such data, approximate and relatively
conservative values for concrete containing Type 1 portland
cement can be taken from Table 6.3.4(a). With typical
maleriaky, the tabulated wic or wifc + p) should produce ihe
strengths shown, based on 28-day tests of specimens cured
under standard boratory conditions. The average strength
selected must, ol course, exceed the specilfic streagth by a
sullicient margin 10 keep the number of low lests within
specilic limits — see ACT 214 and ACT 31B.

Table £.3.4(a) — Relstionship between waler-
camen! of water-cementiticus materials ratio and

compressive strengih-olconcrele

Waler :rnrn_l- ulll'l.. by weight

Croampressive strengih Moo-str-eairained | Aw-entrsieed
at I8 days, pai® tETELE | CORCPEIE
B0 .41
00 048 0.
00 037 0.4
SO00 0.&8 b3
oo 'R ¥ M

*Walur mv estimaled average Rrrsgi for coscme conUEsRg B T
T R e e R e L
Tow wis - eniymimed comcrote. Fod o comsiant w/0oof w0+ g, e mroagih of
frmcroit w prducnd m Ui W cosdond B mcrrssed. TE-day siroagih raleed may
b romsrrvarer and may Phange when saion comenlEdud B sl wr soeed
The raie o which the I8 day wrengih o devebopsd may e cliigt.

Sxrengih W based o @ % LD b cpliadery maosn-owed lor X day m sceorid-
wnce winh b sections aa “laitiel Curisg™ sed “Curmg of Cyladery for
e b g (et Sdopmacy ol Laborsbory Mimiury Frogortssa bod Singth of w6
e B fiowr Adirpassce o Dod Qualiy Coatned of ASTH methed C 31 for
Do g el i Cioncrrie Speramani w the Fickl Thess wie giiedon mered
mots w ThA 5 JF ) g 1.7 C) praw i insting

The schaismabeg in this (bl soumes 8 Bomeral masium sggopss e of
bt Wi | i For § pieen sowcr of sgierpeie. Mrosph prodeced & o gees
iy o w A d i will mireas & inal manmues di 0 SEETRsT derrrasn
wee Secuions 1 e 1.3

For severe copditions of exposure, the wic or wije + p)
ratio should be kept low even though sirength requirements
may be met with a higher value. Table 6.3 4(b) gives limiting
values,

When natural pozzolans, [y ash, GGBF slag, sod silica
fume, hereafier referred to as pomolanic materials, are used
in concrete, 3 water-lo-cemenl plus pozzodanic materials
ratia (or water-to-cement phes other cementitious materials
ratin) by weight must be considered in place of the ira-
ditional water-cemenl ratio by weight. There are rwo ap-
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Table 8.3.4(b) — Maximum permissible waler
cement of water-cementitious maierials ratlos for

concrele In severs sxposures”

e Careciurt
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L

proaches normally used in determining the wifc + p) ratio
{hat will be considered cquivalent to the wic of i mixture
containing caly portland cement: (1} equivalent weight of
ic materials or (2) equivalent absolute volume of
pozzolapic materials in the mixiure. For the first approach,
the weight equivalency, the jotal weight of pozzclanic
msterials remains the same [that i, wife + pl = wic
directly]: but the total absolute volume of cement plos
pozzolanic materials will sormally be slightly greater. With
ihe second spproach, using the Eq. (63.4.2), a wifc + p) by
weight is calculated that maintains the same absolute volume
relationship bot that will redoce the wotal weight of cemen-
litious material since the specific gravities of poazolanic
malerials are normally less than that of cement.

The equations for converting a targel waler-cemenl ratio
wic 1o a weight ratio of waler 1o cemenl plus pozzolani
materials wijc + p) by (1) weight equivalency or (2) volume
equivalency are as [ollows:

Eq. (6.3.4.1)-Weight equivalency
. weight rario, weight equivalency = 2.
cep c

where

= weight of water divided by weight
c+p
of cement + pozzolanic materials

W . '
2 = target water-cement ratio by weight

c

When the weight equivalency approach is used, the per-
centage or [raction of pozzolanic maieriaks used in the
cementitions material is usually expressed by weight. That ks,
F_, the pozxolanic malerials percenlage by weight of 1otal

cement plus pozzolanic materials, expressed as a decimal

{actor, B

F, = pozolasic materials percentage by weight, expressed
as & decimal factor

p = weightol pozzolanic materials

¢ = weight of cemenl

{MNote: 1l only the desired pogzolanic materials percenlage
factor by atsohule volume F. is known, it can be converted
io F_ a2 follows

where

F, = pomolani malcrials percentage by absolute volume
of the total sbsohiie volume of cement plus
pozzolanic materials expressed as 3 decimal factor

G, = specific graviry of porzolanic materials

3115 = specilic graviry of poriland cement [use actual value
il knowm 1o be diflerent] )

Example 6.34.1 — Weight equivelency

1f & water-cement ratko of 0.60 is required and a fly ash
porzolan is 10 be used as 20 percesl ol the cementilous
material in the mixture by weight (F, = 0.20), then the
required water-io-cement plus pozzolanic material rati o8
a weight equivalency basis is

¥ _ =X -060,and
c+p ¢

Assuming an eslimated mixing-waler requirement of I0
Ih/yd®, then ihe required weight of cemenl + pozzolan is 170
2 060 = 450 B and the weight of pozzolan is (0.20){450)
= O Ib, The weight of cemenl is, therefore, 450 - 90 = 360
fh. 1f instead of 20 percent [y ash by weight, 20 perceal by
absolute volume of cement phus pozzolan was specified (F,
= .20}, the corresponding weight factor is computed a3
follows for a [y ash with an assumed gravity of 240
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F,=— e
RNERE) B
G, \F,
1
(3l
240)| 02
1 S S

Feo——— =
" 1+{131¥4 1+524 624

In this case 20 percent by absolute volume is 16 percent by
weight, and the weight of pozzolan in the baich would be
(0.16)}450) = 72 Ib, and the weight of cement 450 - 71 =
£y

Eg. (6.3.4.2) - Absolute volwme equivalenicy

_ Y™ weight ratio, absolute
c+p
volume equivalency =

. 1 e
c

315(1-F,) + G,(F)

where

¥ = weight of water divided by weight of cement +
¢+ p poxzolanic malerials :

= largel waler-cement ratio by weight

3,15 = specific gravity of poriland cement (use actual valve
il known o be different)

F, = pozmolan percentage by abechute volume of tbe 1otal
absohite volume of cement plus pozrolan, expressed
2% a decimal factor

(Mote: Il only the desired pozzolan percentage by weight F_
i known, #l can be converted to F_ as [ollows

F, - :
G 1
o f N =2 =1
115 [F_ ]

where these symbols are the same as defined previously.)

Example 6.3.4.2 - Absolute volume equivalency
Use the same basic data as Example 63.4.1, but it
should be specilied that the equivalent water-io-cement plas

pomolan ratio be established on the basis of absohne
yolume, which will maintain, in the mirture, the same ratio
of volume of water 1o volume of cementiticus material when
changing from cement only lo cement phus pozzolan. Again
the required waler-cement ratio is 0.60, and it i assumed
initially that it is desired 1o use 0 percent by absoclule
volume of fly ash (F, = 0.20). The specific gravity of the [y
ash i sssumed 1o be 2.40 in this example

Ll

op 3I5(1-F)+G,(F)

(1506
3.15)(0.80) + (2.40) (0.20)

(7

..‘_g =0.63

*252+048 3.00

So the target weight ratio 1o maintain an shsolute volume
equivalency is wifc + p) = 0.63. If the mizing waler & again
770 yyd,, then the required weight ol cement + pozzolan
is 770 + 0.63 = 429 Iby; and, since Lhe comresponding weight
percentage factor for F, = 0.20 is F_ = 0.16 as cabculated in
Fxample 63.4.1, the weight of fly ash 1o be used i
(016429 = 69 Ib and the weight of cement is 429 - 69 =
360 . The volume cquivalency procedure provides Jower

weights of cementitious materials. Checking the absolute
vodumes

69

R S . . -
Py (2.40) (62.4)

- 0.46111°

cement = . S 1.832/¢°
(3.15)(62.4)
total = 0.461 + 1.832 = 2.293f°

percent porzolan _ 0461

P 5993 x 100 = 20 percent

U, instead of 20 percent fly ash by volume (F, = 0.20), =
weight percentage of 20 percenl was specilied (F, = 0200,
it could be coaveried to F, using G, = 2.40 and the
appropriate formula

Fe —————
i & [_‘"r_r]{_l__ 1]
3.15) | F.
B . -
R
3.15) \0.2
F, - l__ ._ 1l .o

1 + (0.762)(8) 4.048

In this case 20 percent by weight is almost 25 percent by
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absolute volume. The equivalent wife + p) ratio by volume
will have 1o be recomputed {or 1his condition since F_ has
been changed from that originally assumed in this example

.

c+p 3I5(1-F,) + G,F)
15060
315(0.75) + 240(025)
L1 1B o
236 + 060 296

Tolal cementitions material woulkd be I70 + 064 = 422 Ib.
Of this weight 20 percenl (F. = 0.20) would be [y msh;
(4Z2}0.20) = 84 B of fiy ash and 422 - B4 = 338 b of
cemenl.

635 Step 5. Colculation of cement content - The
amoust of cement per uail yolume of concrele is fed by
\be determinations made in Steps 3 and 4 above The
required cemeni is equal 1o the estimated mixing-waler
content (Step 3) divided by the water-cemenl ratia (Step 4).
I, however, the specification includes a scparate minimum
limit o cement in addition 1o requirements for strength and
durability, the mirture must be based en whichever critenon
}eads 10 1he larger amounl of cement.

The use of porzolanic or chemical sdmixtures will alfect
properties of both the fresh and bardened concrete, See ACI
2L

3.6 Step 6. Estimation of coarse aggregale conlenl =
Aggregates of essentially the same nominal marimum size
and grading will produce concreie ol satisfactory workability
whea 8 given volume of coarse aggregale, on a8 oven-dry-
jpdded basis, i used per umil volame of concrele

iate values for this apgregale volume are given in
Table 6.3.6. It can be seen thai, for equal workability, the
volume of coarse aggregate in a wnit volume of concrele is
dependent oaly on its nominal maximum size and the fine-

Table 6.3.6 — Yolume of coarse sggregale per
unit ol volume of concrete

e el

vuux'i;ir MIT'! r:‘uhmwu
SEETTEaIC® T umil widusne of

Mcsindmal conerese Dor difTesemt fimemcts modiuli

mATEEE SIT Eas of fine nggregale’ .
of aggregaie, in 740 | 160 20 | 100
" | oo (X} 0.4 .44
L] 039 0.7 053 0.33
w 0.6 0. 0.6l 0.6
1 0T 069 0BT (1R L]
1 ¥ T3 (i ] T LN
1 0T 'y o omn
| [N ) [N ] [y ] [
& 0.1 0.3 aa =% 1]
=y phuman Wit Basrd oa REETEgELT o arerp-de popodkded cobdasn 51 darrikbed

- ASTM C 2.

Tharwr wobsanrt wit jekoied fes anprrcal vekswanhips 10 produce [ORCRO
il i degrer of worksbibiy sunshis fod wausl reamleiced commrucios. For i
werbable concieie, Mach st Pegeired Tor concrns pRrEEE comsireCL, hy
may b bncrwased abowt 10 peroemt, For mere worh bl omcrcie s Semina

361
Sy ASTM C 136 T calruipinen of M e abubu

gess modulus of the [fine aggregate. Diflerences in 1he
smount of mortar required for wotkability with different
aggregates, due o dilferences in particle shape and grading,
are compensated for automatically by differcoces i oven-
dry-rodded void contenl.

The volume of aggregate in It’, oo an pven-dry-rodded
basis, for m yd* of conereie is equal 1o the value from Tabie
§3.6 multipbied by 27. This volume i comveried 1o dry
weight of coarse aggregate required in a y& of concrete by
multiplying it by the oven-dry-rodded weight per 1" of the
coarse AgEregale.

63.6.1 For more workable concrels, which s
somelimes required when placemenl is by pump or when
concrete must be worked around congested reinforcing seel,
it may be desirable 1o re duce the estimaled coarse agfregate
coalenl determined using Talbde £3.6 by up 1w 10 percent.
However, caution must be exercised 10 assure that ithe
resulting slump, water-cemeal Of waler-cementitious
materials ratio, and strength properties of the concrele are
consistent with he recommendations in Sections 631 and
£.31.4 and mee1 applicable project specification requirements.

. 6.7 Siep 7. Estimarion of fine aggregaie contenl — Al
completion of Step &, all ingredients of the concrete have
been cstimated excepl the fine apgregate. Iis quantity is
determined by difference. Either of two procedures may be
employed: the weight method (Section 63.7.1) of the
absolute volume method (Section 6.3.72),

§.3.7.1 If the weight of the concrele per i
volume s assumed or can be estimated [rom expericnce, the
required weight of fine aggregate & fmply tbhe dillerence
between the weight of fresh concrete and the 1otal weight of
the other ingredients. Ofien the wait weight of concrete is
known with reasonable accaracy from previous EIpErEDCe
with the materials. In the absence of such information, Table
£3.7.1 can be uted 1o make a first estimate. Even il the
estimate of concrete weight per yd® is rough, mixture
proportions will be suificiently accurale WO permil easy
adjusiment on the basis of trial batches as will be shown in
the examples.

Table 6.3.7.1 — First astimale ol weighl of fresh
concrele
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If a theoretically exact caleulation of fresh concrele
welght per yd' is desired, tbe [ollowing formula can be wed
U= 1685 G, (100 - 4)

(6-1)
+¢e(l - GJG) - w(G, - 1)

weight in Ib of fresh concrete per yd'

weighted sverage specilic gravity of combined [ine
and coarse aggregate, bulk 35D

specilic gravity of cement (generally 3.15)

Air content, percent

mixing water requirement, Ihyd’ -
cement requirement, biyd’

o=
]

L N

172 A more exact procedure for calculating
the required amount of fine aggregale imvolves the use of
volumes displaced by the ingredients. In this case, the total
volume displaced by the known ingredicols-waler, air,
cementitions materiaby, and coarse aggregate—is subtracied
from the wait volume of concrete 1o oblain the required
volume of fine spgregate. The volume occupied in concrele
by any ingredicat s equal 1o jts weight divided by the density
of that material {the latter being the product of the wnit
weight of waler and the specific gravity of the material).

628 Siep & Adjustments for aggrepale motture —
The aggregale quantities actually 1o be weigbed out for the
concrele must allow for moisture in the aggregates. Gen-
erally, the agpregates will be moist and their dry weights
should be iscreazed by the percentage of water they contain,
both sbsorbed and surface. The mizing waler added 10 the
baich must be reduced by am amount equal lo the [ree
modsture contributed by the aggregate — Le., lotal mostere
minns sbsorpiion.

63181 In some cases, it may be pecessary o
batch an apgregate in 3 dry coadition. If the absorption
(normally measured by soaking ooe day) i higher than
approzimately one percent, and if the pore siructure within
the aggregate particles is such that a significant fraction of
the sbsorplion occurs during the time prior 0 initial set,
there may be a noticeable increase in the rate of slhamp koss
due 10 an elleciive decrease in mizing waler. Albso, the
ellective waler-cement ratio would be decreased for any
water absorbed by Llie agpregate prior lo set; this, of course,
assumes that cement partickes are not carried into aggregate
panicle pores.

6382 Laboratory trial baich procedures
according to ASTM C 192 allow 1he batching of laboratory
air-dried aggregates if their absorption is less than 1.0 per
cent with an allowance for the amount of water that will be
absorbed from the unset conerele. I i@ sugpesied by ASTM

* BN ks mlmrshed-serisas-dvy basn wsed in comblorng spprrgele displaoe
el Thet wpgregsie sl grovity woed i caboulsiom must be oonsobenl wi b
sniary conditics isumed B e b apgregeie baich weighit - e, bull dry i
spgregaie weightn e @sied o 0 dry bk, sed bolk 3500 @ weight e sl os s
e iuanied- mmrice-dry basia

C 192 that the amount absorbed may be assumed 1o be B
percent of the dillercnce between the scteal amount of
waler in the pores of the aggregate in their nir-dry staie and
ihe pominal 24-br absorption determined by ASTM C 17
or C 128, However, for higher-sbsorption aggregates, ASTM
C 192 requires preconditioning of aggregates lo satisfy
absorption with adjustments in aggregate weight based on
1otal motsture content and adjustment 1o include surface
moisture a1 a part of the required amounl of mixing waler

639 Siep 9. Trial batch adjustmenis — The calculated
mitture proportions should be checked by means of trial
baiches prepared and tesied in accordance with ASTM C
192 or full-sized feld batches. Ouly sufficient water should
be uzed 1o produce the required slump regardiess of the
amount assumed in selecting the trial proportions The
concreie should be checked for wnit weight and yield (ASTM
C 138) and for air content (ASTM C 138, C 173, or C 231}
It should also be carcfully observed for proper workability,
freedom from segregation, and finishing properties. Appro-
priate adjustments should be made in the proporiions for
subsequent  batches in  sccordance with the following
procedure.

6.3.9.1 He-estimate the required miving water
per yd® of coocrete by muhiplying the pel miving water
content of the trial baich by 27 and dividing Lhe product by
the yield of the trial batch in £, If the shump of the trial
batch was not correct, increase or decrease the re-cstimated
amount of water by 10 Ib for each 1 in. required increase or
decrease in shump.

%392 If the desired air comlent (for air-
entrained concrele) was pol achicved, re-estimate the admix-
ture contenl required for proper air conlesl and reduce or
increase the mixing-water content of Paragraph 6.3.9.1 by 3
I for each 1 perceni by which the air comtenl i 1o be
increased or decreased from that of the previous trial batch.

6393 I estimated weight per yd* of [resh
concrete i the basis for proportioning, re-estimate Lhat
weight by multiplying the unit weight in B/i* of the irial
baich by 27 and reducing or increasing the resuh by ihe
anticipated percentage increase or decrease in air contenl of
the adjusted batch from the firn trial baich.

6.3.9.4 Calculate new baich weights starting with
Siep 4 (Paragraph 63.4), modifying the volume of coarse ag-
pregate from Table 6.3.6 i necessary 1o provide proper
workabiliry.

CHAFTER 7 -- SAMFLE COMFUTATIONS

7.1 Two example problems will be wsed 1o illustraie
application of the proportioning procedures. The following
conditions are assumed

7.1.1 Type 1 non-air-entraining cement will be used
and i3 specific gravity is assumed 1o be 3.15.1

1 Tha spacilic gravity vabers srn bl wind i paoporicss sr schoriid 8o provsls &
weright od pesiinie ssaumed o ocoupy 1"
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Vi FIGURE 2.21

Manning'’s nomagraph for circular pipes flonving ful, with m = 0,015 Maswing's 1.1;1;.::1;{11: is ua.-..t: f{:, :::"Lud
g 1 : zin-Williams eguation is used for flow um PrESEUTE,
channel or gravity flow, whereas the Hozen-W
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FIGURE 2.15
A nomograph that provides a graphical solution to
the Hazen—Williams equation for waler flowing in D
Ve

circular pipes under pressure, with C = 100.



IIGURE 2.22

{ partial-flow diagram for a, circular pipe that car-
ies flow with mwmdabébdowthepipe
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‘Selected unit equivalences for conversions ¢

IS
Length 1
I m = 10K mm
1.m = 3.281 ft = 3937 in.
| in. = 25.4 mm i
11t = 3048 min 1
1l mi = 5280 I
1 km = 0.621 mi {
lyd =3H
Apvir g
1 m* = 10.764 ft*
| ac = 43,660 ¢
I ha = 10,000 m* = 2471 aec B
1 km® = 0.386 mi*
Volume i
1 m' = 1000 L = 264 gal i
1 m’ = 35315 1 = 1.308 yd’
1 ft' = 7.48 gal [
I L = 0.264 gal r
:rf;:x.x: glf;g:.lbﬂ"mgm & Metric prefixes and multipliers
1 kg = 2205 1b v Prefix Symbol Multiplier
| (metric) ton = 1000 kg = 2206 1b Wz — = = —h—
| ton = 0.907 (metric) ton = 2000 Ib | miga G 19
_ & mega M 10°
Mass and Weight Density ¢ kilo Kk 1
| kg/L, = 8.345 Ib/gal milli m 107
1 kN/m® = 172 b/yd’ i micro p -t
Pressire nano n 10" .
I kPa = 1000 N/m* = 0.147 I/in.* (.1* [_J'u‘.u p 107 B
| atm = 100 kPa = 14.7 psi .
Power U.S. customary units
W=1N-mis=1Js S : - .
g = LSO T Thra = 746 W = 0.746 kW . .. N - e
Temperature J Lenghit B T
q . i yarid il
Te==T, +32and T, = — (TF — 32) E; foot fr
o 4 . inch in.
T. = degrees Uelsius i Mass slug =
Tr = degrees Fahrenheit J Area square mile e
T\, = Kelvins = T, + 273 (20°C = 68°F = 293 K) | " s
e square foot fi
siquare inch in’
Fores pomnid It
DeriVEd 51 units Lon e
Quu:ir;-'..[::; _{ il - Hy*.r_nhfi _F U’J“J’MIJIC[ F,:‘;Z;m EE;ZL?D:::LMNMl 1|1_r.h ;‘_:‘;’:
Area hectare ha m® Temperature degree Fahrenheit R
Energy joule J N-m Volume acre—foot ac—ft
| Force newlon N kg - /s’ cubic yard it
Power watt W Jis cubic foot it
Pressure pascal Pa N/m* cubie inch in"
Volume cubic meter it m" gallon sl



