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Q. Uses of stones a

" Blocks of stones are used in foundations, w
aqueducts, retaining walls

*  Flags or thin slabs arc used for having

* Broken or crusbed stoncs are used as g
railway ballast 5 -

" Stone screenings are used as nat al subs

* Some stones c.g. limestone is the basic material fc

*  Asblocks along the river and canal banks for

*  For oramental works in and outside the buildin

Q . Characteristics of good stones

Lssential requirements are,

38 . { . .:'stancc o crushing, depends on,

(i) Origin (i1) Formation, and (iii) Type of stone
matemal@a

t‘lﬂ.‘ 3@1 * | Purability-{ability to sustain strength characteristics for longer dura lion,

©  Chemical composition

'E'ndwnerﬁu' o Physical structure =3
©  Position and type of use B
puiTeement £

mml Apart from these (wo fundamental requirements, other subsidiary considerations are,

. mode of formation of stonc, types arc stratified and unstratificd,
unstratificd stones are hard and demanded

- arrangement, sizc, shape of 1ts constituents mineral grains,
o Crystalline or homogencous texture are close grained and compact
© Aclion of weathering agents makes opcn textured
© Mosi sedimentary rocks are granular and crystalline
©  Amorphous rocks are of glassy and fused texture
Texture is generally indicated by fractured surface, and fracture may be
Even; Uneven - required for good crushing characteristics; & Concoidal (curved)

Bright, clcan and sharp fractures with well cemented grains arc always desirable

. ]Ap&u_m_' ce and color; required for decoration and face works, stones conlaining iron
should not be used, should also have the ability to receive good polish, marble,
limestone, sandstone and granite are well known for their appearance

* |Hardness and to 2] required to resist wear and tear, factors affecting strength,
hardness and toughness are,

Hardness and softness of component minerals

Proportion of hard and soft mincral in the same stone

The size and shape of mincrals

The manner in which the minerals are interlocked

The cohesion between the component mincrals

The quality of cementing matcrial binding the grains and mincrals

OCO000DO0OO

Considering the nbove factors, igncous and metamorphic rocks are naturally hard and stronge
than the sedimentary rocks.

Legiure 2-3 Stones, Agpregates_Grading FM — *?lll 2
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Strength tests of agprepates:

* ASTM tests (sheet given for concrele aggs.) - L. A. Abrasion tesl

® BS tests for strength and crushing characteristics
O AV test 0 ACV test @ 10% Fines Value test & AAV test

_q.@pLos Angeles Abrasion Test: -- universal strength test for aggregates

ASTM C 131-06 {for <37.5mm}and ASTM C535 {for >37.5mm aggs.}
Strength and crushing characteristics, relative quality of aggs.

5 Kg ageregale in grading A,B, C or D placed in a steel drum of 287Dx20" L
500 rev. @ 32 rev. per min with steel charges and aggs. in closcd drum
Crushed aggs. sieved through 1.70mm (#12 sicve) and passing portion is
cxpresscd as % loss in L.A. abrasion lest

o0 000

Absorption test: absorplion capacity, effective absorption, surface moisture, air dry, oven dry,
SSD (saturated surface dry), as per ASTM C 127,

o Apparcnt specific gravity
o DBulk specific gravity (ssd basis)
o Bulk specific gravity (o-d basis)

Juggie ' s | ' Ahe, etrrengln
Durability tests | F@RWE T0WE [Faail Lnﬂ,g'lﬂf‘m Obm‘d to reetain the. et d

charectertistie
* Soundness by sodium sulphate

* Soundness by magnesium sulfate Qoo TG~ durcale. 7
(-]
=  Wet and dry test

»  Freeze and thaw test

Other Lests of aggregales
As per sheets given [BRTC test sheet, MBI aggs. test)

Specification of aggregates

As per sheets given ()

Lectur 2-3 snm,@rpu_mdmg_l‘wl ]
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Lecture 4-0: Cement, Mortar, Plaster
CEMENT:

*  1listory
*  Manuthemre
*  Chemistry
* Types
*  Usecs
*  Propertics
*  Tests and Specifications
eE: 5 . .
O\_ iy, = Lpypuans, Romans, Indians
- Pyramid mortar 81.5% CaSO, and 9.5% carbonate
- Indians used powdered brick named as surki in mortar
Romans used blood, milk and lard to achieve workability
John Smeaton in 1756 concluded that limestone with clayey matier
yields hydraulic cement
L.J. Vicat and James Frost (1911) also led the knowledge of cement
Joseph Aspdin Leeds builder patented PC in Oct, 1824
Germans specified PC in 1877, British in 1904, ASTM in 1904
- PC was first manufactured in India in 1913

Q. Manufacture:

= Collection of raw matcrials

* (Crushing, grinding and mixing of raw materials
* DBuming

= Orinding of chinker

=  Addition of gypsum

(. Cecment Chemistry:

Raw materials of cement — lime, silica, alumina and iron oxide interact with one another in the
kiln and a chemical cquilibrium is reached by making compl_cx fourlmnjor _compounds.. The
relative proportions of these compounds arc responsible for mnucnf:mg various properties of
cement in addition to rate of cooling and fincness of grinding. Following are the compounds.

Compound Oxide Comp. Abb. % Function
1 Tricalcium Silicate 3Ca08i0; CS 54l Es;:rn::gm
5 Dicalcium Silicate 2C408i0; Gis 166 Sungh
3- Tricalcium Aluminate 3Ca0ALO; GA : A;pi .
> Tetacalcium Aluminoferrite 4Ca0ALO,Fe203  CAAF 9.1 Hy

Accelerates Tydration

@ - Functions of various ingredients/oxides of cement:
il U SOUINESS, s

| Lime Oxide 5
- deficiency reduces strength and setting time s
2.. Silica — SiO2—- it forms about 20 percent, imparts strength, excess causes

3. Alumina A2 O around 6 pereent imparts quick setting, excess lowers strength
A umina -

i color, helps in fusion and imparts hardness
4 ORe oo amundsl:hp;rcmmim tricalcium aluminoferrite

M

Lecture 4-5 Cement, Mprtor, ﬂf""‘_
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ANad NAMANESS, CALLIS Lduses VidVRa diild UHOUUTIVMET-a9
6. Sulphur Trioxide - SO; - around 2 percent, makes cement sound, excess makes unsound
7.Sodium, Potasium Oxide - K;0, Na;O — around | percent, cxcess makes unsound
Hydration of Cement:  When water is added to cement, anhydrous(dry) constituent ‘
compounds of cement start reacting and forming hydralion products C-5-
H (tobermorite gel), with reactions as follows
2030 + 010 — G335, H0+3 Ca(Oti), ,

2(:;5 +4H;0 — CJS;H;O + CE(OH]]

C3A + 6H;0 — C3AH,0 this is rapid and retarded by adding gypsum
Heat of Hydration and Strength:

Hydration of cement compound is exothermic and the quantity of heat per gram of unhydrated
cement, cvolved upon complete hydration at a given temperature, is defined as heat of hydration.
Methods to find is ASTM C186-82. C,S, C3S, CyA and CAF produces 502, 260, 867, 419

{:_mj pcrd gm respectively. So, by reducing proportions of C3A and CsS, heat of hydration can
- I'cduced.

[sce attached sheet]
Tvnes of coment- (9 Wha'l' qQme 'HB .EUFQS Opm -9

Majorc v " Ordinary Portland Cement (BS), Type- I (ASTM), most comman, high C,s  characlercislies
T * Modified Cement (BS), Type- Il (ASTM), low heat gen’, for mod. sul_aclion
&PQQ . R.ﬂpld -hardening Portland cement (BS), Type-11I (ASTM), rapid st. dev. duc to
high C;S content, high fincness, for emergency works
* Low heat Portland cement (BS), Type-4 (ASTM), for large gravity dams, low
amount of C,S and high C;S, slow rate of development of strength
* Sulphate resisting PC (BS), Type-5 (ASTM), good for resisting sulfale attack
v~ * Portland blast-furnace cement (BS), Type-IS({§ST™), for mass concrete
v Ponlmad—poaolmcmt(BS).TypclP.Pmdl(Pm—ASlM,ﬁrm

=~ = @ﬁiuﬁ%W

Other types

Special mmmwum&wm 715 | repaic THO
Super sulfate cement  oC20N &g

White and Colourcd cement  cecomafn purrpeSess
Expansive cement cxroek  nepoin o aw)
Iigh-alumina cement hardening cemerr
Hydrophobic cement =5

Oil-well cement  F% @7 AFTY

Readyset cement

Masonry cement brigk w0\ uSQ ™3

Pozzolana cement

Natural cement=

Lecture 4.9 Cement, Mpriar, Plaster
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»
&
BANGLADES v e TN .
! ESI UNIVERSITY OF ENGINEERING AND I'ecunorocy (BUET)
DEPARTMENT OF C GINEE
¢ CIVIL ENGINEERING :
Mobslo: 01819 557 964, PABX: 966 550.80 Et rz;a www mm;.bd.fce.f Ej«; T r‘S
Rosearch,
Testing & Consullation
ConNcrere  Lasoratory ==
BRTC No.  1100-1695711-12/ICE:  24/8/2011
Sent by + Qualty Assurance & Environment Manager, Heidelberg Cement Bangladesh Lid, SYMPHONY, Gulshan, Dhaka
Ret. No. v Letter, 24/8/2011
Project
Sample ¢ Cement |[Brand name: LOOSE/RUBY; ID. P-August, 11] QurlD: MS-129
Date of Casting :  27/82011
Test Results of Portland Composite Cement (PCC)
ASTM Age Jdays KNS 7 days 28 days
Cc108 Date 30-Aug-11 3-Sep-11 24-Sep-11
Compresshe | 2210 psi 3400 psi 5310 psl
fiqure
sirength, (15.7 MPa) (234 MPa) (35.6 MPa)
ps
(o) heoeds | ™ '““m‘“'“"“""“"' Thece thousand four hundred ﬂ"hmf:"'
—— | Standard Requirements for PCC 1890 psi 2900 psi 3620 psi
opes fear- Type-PIS ASTM C585Y 130 MPa 20.0 MPa 250 MPa
-Hm Miing water temperature 2c Curing water lemperature 205-25°C
_ Indial setting tme (minutes) | Final selting tme (minutes)
IS : ASTM C191 ASTM C191 ; .
ASTM C187 A ] smﬁeabﬂﬂ
M’ requirement, Testresull | requrement, | Tesl resull
; ASTM C585 ASTM C595
Not less than Not more than
u% 45 min. ot 420 mn. -
“Fineness (specific surface), m'kg
ASTM C204 (air permeablity method)
A —y T Testresdl [ WiolCemeniBag= "~ |

Countersigned by Test performed by:

Dr. Md. Shamsul Hoque, Professor Dr. Md. Mazharul Hoque, Professor

w“u wb-mmwhum.mmum-qmmahu
“d:“mﬂhhhﬂlhmumn-ﬂhlmnﬂd

grature of the competent authorty. In ordes 10 3vod Faudulent labricaton of tes resu, 1 s recommended that
Sected by &y auhorized person, and nol by S Contractor/Suppier.

g,
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Concrete Production: Production o1 ood concreie miso aepenus on,

* Mixing of concrete - types, hand and machine mixing, 1 min for | m’ plus % min for add
Im’, or 20 revolutions of mixer per batch

* Transportation of ¢oncrete ~must be transported to the place of final placement ASAP by a
suilable method [by buckets or by pumps] so that segregation does not occur

* Placement of concrete —should be placed in its required position and should not be thrown
or dumped from distance, in layers which will follow one another

Compaction of concrete ~ process of consolidating concrete after placing in position,
manually by steel rod and mechanically by using vibrators

\/l‘ul ing of Conerete:

@ On fresh concrele
*  Workability
*  Wet unit weight

© On hardened concrele
*  Laboratory tests

o Comop::ssivcsumgth
- cylinders, 100mmx200mm, 150mmx300mm
*  On cubes, 100mm, 150mm

o Tensile strength

*  Split cylinder test

*  Flexure test on beam
o Pull out tests

= Field tests
o On cores of S0mm, 7Smm, 100mm diameter v¥eualzalion — TR erq ok GO TR
© Non-destructive tests of concrete

Questions:  [refl. sheet of concrete]

Y,
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Factors affecting Workability of [resh Concrelt.

e -

The highet (he waler conlenl, e higther the Muidity. Higher water

1) Water content of the imix: v e S abili '
<t conenl increases the case with which concrele can be compacled, 1.6, ICICISES W'"k":"]"x- hut at
¥ o 4l A fi e - a 5
the same time, higher waler confenl reduces strength.  [lgher walet Coiichl C RSy ST
b J bt

sep egation and bleeding.
FFiner parficles have more

tin) is related 1o grading of appregale. _
water and pasic, bigger

Water conlent (i.c., waler-cement 1: :
Iherefore, for a piven quantily of

surface area and hence require imore waler,
stze of npuepate will give highes warkahilily.

Aol ol aggrepale and yelilive proportions of fine and coalse

For o constanl waicr-cement ralio, s agpregatc/cement ralio goes up,
4 (1] b "

prepaic (FA) results in “harsh nux™ and may lead lo

() Appagie nia prrugmiony.
agprepale affect workability.
workabilily gocs down. A deficiency in fine ag

scgregation (“larsh mix is one that lacks desived consistency hecause of a deficiency in mortar or
apgregale fines). An excess of fine aggregale (FFA) leads to more permeable and less ceonomical

concrele, although the mixture will he casily workable,

(3) Apprceate Properlics:
Gracation: A well graded aggregate provides less void in a given volume and inerease workabilily, 1

Shape and Teewre: Ronnded and spherical particles produce more workable concrele. Such

parlicles offer less frictional resistance than angular particles. Rough lextured, porous aggregales
require more watet (o wel {heir surface and hence less water will be available to provide workability.

(4) Admixtures: Air-enlraining, water reducing and set retarding admixtures will improve workability.
(Note: Entrained air acls as fine aggregale of very low surface friction and considerable clasticity).

Measurement of Workability 3 oAt w
\,141“ {rel 7] | . _ﬂ'.q_{i' '!/8

Slump Test: i
: | ‘ b
o Concrele is ploced in 4 layers in a mold (frustum of a cone) 12'1%
approximately % of the height of the mold. L
«  Each layer is tamped 25 times by a laniping rod, 5/8" in diameler. e —
o Aler the top layer has been rodded, the lop layer is struck plain with alrowel. 8%%”
o The mold is removed by raising it slowly and vertically. This allows the concrele lo subside, A
e The "subsidence” is referred lo as “Shump" of cancrete. Db I
o When olher parameters are kept fixed, slmp is a funclion of water-cement rafio.

7 BN
7 N

'ﬂw SLUMP
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CONCRETE MIXFDE&JIG:\
(E 201 _‘,{pf 1015

o N
Ledart |
L 8-1

@ I What is Mix D%lgn ? (Objedo{am‘x de@:ﬂfﬁ
mgrﬂd!ﬂwﬁ d

conexele omd datﬂ-mtmﬁlhrur ;—4 e vl-ﬂl\.'l"!#

with the object of prod 25 eacmEmI
P"“”"" "M rfh. Cﬂrfw i niniin prap: 2 nahl';fx..

consislenen , streng and durabrué'f,

Q- 2. Various Purposu -Fmr Mix M'gﬂ

D, A‘Ppramnwdl dman for

e.SHmPna_ cost

— preparing drial mixen
dmckmj submitlad AUJDS

) Safe dasign for insiant WAL
i) Accurale des:gn for 5“15“5 and. m,-na,_'
—*,':'.-"' a Sinale 5|43J¢ ‘?ndn L.rnl.mc f5}
—-'FU( m«lﬁph apaurm}.'m T buildir Qv -‘:_..-\ &
meet ass yraned T2

—

—

= gl
m.l!is

armixes

V) Comparisons of Wﬁrmmoﬁ d;H-armt materials
**crref“f reat

3. Methods to Suit FPurposed for Mix Design.
) Labomi'bg trial mix(es)
), Full-scale frial mix(es)
W) Previeus prmiudwn data bank
W RmJ 1o use’ Standard dota
v) ‘Stmph.ﬁn.nl maothods of design
W) ‘Comprehensive mebhods af design

4., Aspeds b be Covered by Mix Design Methads
— War Kabili — Batdh fa
i?‘j = iy W

8 ke s
mf’fl'é'm ardbuIH ~ Dum ipmntq

- - ;
e
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Lecture 8:

k\ \ v o . % w 3 i | ) | -
OneTele .I\lt\ Design, Factors. lllcndlny of Aggregates, Mix Design: Old Methods; Statistics
and Quality Control for Concrete

Mix Design

CONCRETE MIx DESIGN;

(8- 2 / [
. What is mix design? c l'
g ; i : Y :][I.I-{Hu 5-:1
<. Purposes of mix design
3. Methods to suit purposes for mix design AL S
4. Aspects to be covered by mix design Sel~ G':)
s |

Basic factors in the process of mix design

0. Vanable factors for Normal Structural Concrete
7. MiX ratios
8. Mix design old methods

| — 7: as in sheet supplied [ Sheet # 14)

Blending of Aggregates:

Blending of aggregates means combining ageregates of different grading to get a type or
specified grading. This can be done by

* Tnal and error method
*  Graphical method

* Equation method
Reference: Dr. MA Aziz, AM Nevile Chapter 10
'~ Concrete Strength:

The strength to be developed in a hardened concrete is a variable quantity. The source of
vanability are:

* Varnations in mix ingredients

=  Vanations in concrete

o Making
o Placing
o Curing and
o Testing

gm * Vanations in sampling procedure

* Varations in testing procedure
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Lecture 10: el s %&

L'oncrete Mix Design: ACT Method of Mix Design CE=- 2-1

Inl

1S4 : :
SACthe minimum strength is called [

.)C‘Y Zolkanis Sin

e

Sheel # 2!, 2%

. . the specified des; c specili
compressive stromatlh pecitied design strength or specified

L] he Diret c1o 1 =1 1 T \
ll}g lirst step n designing a concrete mix is to decide on
minmum required strength. This higher strength 1s cz

O

a strength higher than the
R illed
Reqd. avg. strength or reqd. avg. comp. strength, [ in USA

.. the higher strength

~ minimum strength + some additional strength

z\ddllmna! strength is the result of the statistical behaviour of hardened concrete which is
the reflection of the quality control of conerete manufacturing.

Salient Features of ACI method:

From ACI manual of Concrete Practice, Part | - 2008
Standard Practice for Selecting Proportions for Normal, Heavyweight, and Mass
concrete (ACI 211.1 —91) Reapproved 2002.
Contains chapter 1-8 as scope, introduction, relationship, admixtures, background data,
procedure, sample calculation and references. Appendix 1-5 includes SI units,
calculations in SI, laboratory tests, heavy weight mix and mass concrete mix
proportioning.
Mix design method provides a first approximation of proportions intended to be checked
by trial batches in the laboratory or field and adjusted, as necessary to produce the
desired characteristics of concrete.
Selection of proportions involves a balance between economy and requirements for:=

o Placeability o strength o durability o density and 0 appearance

Concrete strength is determined by the net quantity of water per unit quantity of cement
or total cementitious materials. For a given w/c or w/(c+p) ratio, differences in strength
result from changes in

o Maximum size of aggregate : _

o Grading, surface texture, shape, strength and stiffness of aggregate particles

o Differences in cement type and sources

o Air content, and :

o Chemical admixtures that affect cement hydration process e
Conerete must be durable i.c. must be able to endure those exposures that may deprive it

of its serviceability p= cevrenl ke malerro)
=Cementilious =

Background Data: exp — 8 lab Sl
Wit
; Sicve analysis of fine and coarse aggregate e
Unit weight of coarse aggregate pee — <em
Bulk sp.gr. and absorption of finc and coarse aggregate ﬂu ach /
Mixing wal ' s [rom experi ofuggrcgates pozzolona,
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Maximum w/c or w/(¢tp) ratio

Minimum cement content

Adr content: maximum or minimum

*  Slump (range)

Maximum size of aggregate

Strength ( avg. design strength, specific strength, margin)
Admixtures, special types of cement or aggregates

ACT 211.1-91: Steps for the Design of Normal Concretfe Mixes

Step 1: Choice of slump

» Determine slump from Table 6.3.1 for vibratory compaction
*  For other compaction, increase by 1 inch

Step 2:  Choice of maximum size of aggregate

= Largest size cconomically available and consistent with dimension of structure
= For higher strength, lower maximum sizes are used
= Structural limits for maximum size:

o Max. size ;|> 175" of narrowest dimension between sides of forms
1/3" of the depth of the slab

3/4"™ of the minimum clear spacing between bars

Step 3:  Estimating mixing water and air content  wotert

*» Fora given slump, max. size of agg., Approx. mixing water and air content is obtained
from Table 6.3.3 which are for

o Use at 68 -77°F,
o Angular and well graded aggregate

/ » Round aggs. Need 30 Ib less water for non-air entrained and 25 Ib less water for air
entrained concrete

' : %va = fe+ M
Step 4: Se
p 4: Sclection of w/c or w/ (ctp) ratio wje Moy in 1
For OPC, relatively conservative w/c ratio can be taken from Table 6.3.4(a)
= Strength values in 6.3.4(a) are based on 6”x 12 cylinders moist cured for 28 days and
tested as per ASTM C31, for OPC, AND %" -17 max. size
«  Values are for 2% air for non-airentrained and 6% air for airentrained concrete
«  Avg. strength values exceed specific strength by a margin (ACI 214 and ACI 318)

rds of test data are not available are, (ACI318)

s L; .L."‘:I
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Step 5: Caleulation of cement content  C

Required cement content = estimated mixing water (Table 6.3.3) / wic ratio (Table 6.3 4(a)
Clio it 2T — il e |
CA Step 6: Estimation of coars aagrcgats ::ml:m‘ o) WS @B T ghen client38
: ep 6: Estimation of coarse ; > ol : =
roguircement TR Che A TR

For max. agg. size and F.M. of fine agg., coarse aggregate (O-D basis, rodded) 1s
determined from Table 6.3.6 per unit volume of concrete
o Volume from Tabicﬂis converted to weight by O-D, rodded unit weight of C.A.
o For workable pumping concrete, values in Table 6.3.6 may be increased by 10%

2 it eentind Stk
5 For less workable concrete (pavement) the values of Table 6.3.6 may be decreased by
10%

[

s ;ah melhod
Step 7: Estimation of fine aggregate content FA b‘;j weg (e;“rrflorc.'tu &g meih c.:!j

« TFine aggregate weight =Wt of fresh concrete — Wt. of (CA + Cement ~ Water)

e WL of fresh concrete is taken from experience or (as a first estimate) from Table 6.3.7.1
= [Exact unit wt. of fresh concrete, U= 16.85Ga(100-A) + C(1-Ga/Ge) — W(Ga-1) -- sheet
« Values in Table 6.3.7.1 are adjusted in trial batches

Step 8:  Adjustment for aggregate moisture

o Moisture in aggregale
Mixing water should be reduced for surface water of saturated aggregate

o For dry aggregate, moisture required for absorption should be added with required
mixing water or preconditioning (SSD) is required

Step 9: Trial batch adjustments

o Trial batches are to be prepared as per ASTM C192

o Only sufficient water is to be added for required slump

o Calculate new batch weights starting with step , modifying the volume of coarse
aggregate [rom Table 6.3.6, if necessary, to provide proper workability

o = Kg-!gm—bﬂﬂju& e
prmping €7 T3 A by 107,
el tgh
Wuﬂb“?ta ST
AT 1A
[UO T 3 CA FHCO
23




coll weather, snd the presence of chemical admixtures not
tormulated especially for acceleration.

Because of the possible adverse effects on finishing lime
and coasequent labor costs, in some cold climates the pro-
portion of otber cementitions materials in the blend may
have 1o be reduced below the optimum amount for strength
considerations. Some Class C fly ashes may affect setting
time while some other cementitious materials may have little
effect on setting time. Any reduction in cement content will

tlnluw heat generation and normally prolong the setting
time.

ACT 21.1-91 (2002
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yROUND DATA

.:‘.I To the extent possible, selection of concrete pro-
portions should be based on test data or experience with the
materials actually to be used. Where such background is
limited or pot available, estimates given in this re-
commended practice may be employed.

5.2 The following information for available materials will
be useful:

I T XL T e B R - N S
the proportions. The job specificafions may dictale some or ,
all of the following:

6.2.1 Maximum water-cement or water-cementitious
material ratio.

6.2.2 Minimum cement content.

6.2.3 Air content.

6.2.4 Slump.

6.2.5 Maximum size of aggregate.

6.2.6 Strength.

6.2.7 Other requirements relating to such things as
strength overdesign, admixtures, and special types of cement,
other cementitious materials, or aggregate.

6.3 Regardless of whether the concrete characteristics
are prescribed by the specifications or are left to the indiv-
idual selecting the proportions, establishment of batch
weights per yd® of concrete can be best accomplished in the
following sequence:

63.1 Step 1. Choice of slump -- 1 slump is not

ified, a value appropriate for the work can be selected
from Table 6.3.1. The slump ranges shown apply when vi-
bration is used to consolidate the concrete. Mixes of the

stiffest consistency that can be placed efficiently should be

5.2.1 Sieve analyses of fine and coarse aggregates. d. m
£22 Uni i O, =
nit weight of coarse aggregate. - rable 6.3.1 — Recommended slumps for various
typo

523 Bulk specific gravities and absorptions of
aggregates.

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

$25 Relationships between strength and
water—cement ratio or ratio of water-to-cement plus other
cementitious materials, for available combinations ol
cements, other cementitious materials if considered, and
aggregates.

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

52.7 Optimum combination of coarse aggregates 10
meet the maximum density gradings for mass concrele as
discussed in Section 5.3.2.1 of Appendix 5.

€3 Estimates from Tables 6.3.3 and 63.4, respectively,
may be used when items in Section 5.24 and Section 6.3.5
are pot available. As will be shown, proportions can be
estimated without the knowledge of aggregate-specific
gravity and absorption, Section 5.23.

t

CHAPTER 6 -- PROCEDURE

6.1 The procedure for selection of mix proportions given
in this section is applicable to normal weight concretc.
Although- the same basic data and procedures can be used

in proportioning heavyweight and mass concretes, additional

computations for these types of
ndixes 4 and 5, respectively.

red bawch weights for the
1, straightforward steps
of the available

B

value
s of construction®
Slump, in.
Types of construction Maximum' Minimum

Building columns
Pavements and slabs
Mass concrete
=Slump may be increased when chemical admixtures are used, provided that
the admixiurc-treated concreie has the same or lower waler-cement or walei-
cementitious material ratio and does not exhibit segregation potential or exces-

give bleeding.
"May be increased | in. for methods of consolidation other than vibration.

-

Reinforced foundation 3 1
walls and footings
Plain footings, caissons, and k] I
substructure walls
Beams and reinforced walls 4
4
3
2

632 Step 2. Choice of maximum size of aggregate --
Large nominal maximum sizes of well graded aggregales
have less voids than smaller sizes. Hence, concretes with the
larger-sized aggregates require less mortar per unit volume
of concrete. Generally, the nominal maximum size of ag-
gregate should be the largest that is economically available
and consistent with dimensions of the structure. In no event
should the nominal maximum size exceed one-fifth of the
narrowest dimension between sides of forms, one-third the
depth of slabs, nor three-fourths of the minimum clear
spacing between individual reinforcing bars, bundles of bars,
or prelensioning strands. These limitations are sometimes
waived if workability and methods of consolidation are such
that the concrete can be placed without honeycomb or void.
In areas congested with reinforcing steel, post-tension ducts
or conduits, the proportioner should sclect a nominal max-
imum size of the aggregate so concrete can be placed with-
out excessive segregation, pockets, or voids. When high
strength concrete is desired, best results may be obtained
with reduced mominal maximum sizes of aggregate since
these produce higher strengths at a given waler-cement ratio.
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DR S irements for
Table 6.3.3 — Approximate mixing water and air content roqu
difterent slumps and nominal maximum sizes of aggregate
Water. Ib/vd' of concrete for indicated nominal maximum sizes of aggregate —
- ' : i *[ in.=[% <[ in[1-a in*[2in>" [ Vin. | 6in.
Slamp. in. - —wlh in. ['-‘1 n. I 4an.
Non-air-entrained concrete
190
2 30 | 38 | us [ 00| 275 260 220
; :g 4 388 | 365 | 30 | 325 | 300 285 2;[5' 210
6w 410 185 360 | 340 115 300 2 =
More than 7* = - - — - — e T
Approximate amount of entrapped 3| Fas 2018 | 0.5 0.3 02
al in mon-ar-entrained congrete,
percent 2
Air-entrained concrete ém‘l’(ﬂ Oomrra{e 9 GITCWIE’ ]
lwol 308 298 280 | 270 250 240 205 180
ltod 340 | 325 | 205 | 295 | 278 265 225 200
607 365 | M5 | 325 | 30| 2% 280 260 -
More than 7* == - = — = = — =y
Recommended averages* total air
content, percent for level of
CAposule:
Mild exposure 45 4.0 35 | 3.0 2.5 2.0 |15 htotinll B 1 ool
Moderate exposure 60 | 5.5 5.0 | 4.5 45 4.0 | 15" | 3.0~
Severe exposure” 1.5 70 60 | 6.0 5.5 5.0 |4.5*" | 4.0
“The quantitses of mining waier given for sir-entrained concrete are based on ypucal 1otal air content requirements
a3 shown for “moderate exposure™ in (he table above. These quantiies of miving water are for use in compuling ce-
g’ ment contents for trial baiches 168 1o 77 F, They are maximum for reasonably well-shaped angular aggregates graded
'\, . '{"ﬂ within Lmits of acorpted wpexifications. Rounded aggregate will generally require 3O Ib less water (or non-air-entrained
- and 25 1% bewa for am-crurained concretes. The use of

waler-reducing chemical admintures, ASTM C 494, may also re-
duce mining waicr by 3 percent or more. The volume of the liquid admintures is included as part of the total volume
of the mixing water. The sump values of more than 7 in. are only obtai

adminture; they are for concrete containing nominal manimum size
“The slump values for concrere comtaining aggregate larger than 1% in. are based on

of partiches larger 1han | % in. by =l ATEEnIng .

quantities of miun
wnal mavimum site aggTega
coarse 1o Mine,

plicable specifications.

“When waing lar

Mo CaMy

of aggregate, air contents recommended lof extreme ex
no caposere 10 moisture asd freezing.
L “Thewe values are based on the craeria thai 9

**For concrete containang larnge aggregates that will be wet-screened over the 1 ¥ in. sieve
content, the percentage of air expected i the 1% in. minus material should be as tabulated in the 1V} in. colemn
However, initial propomicning caloulations should include the air conteni as a pecent of the whole

£t aggregate in low cement [a3cior concrele, a enttainment need not be detr
§ waler requirement is reduced sulficiently to mprave the water-cement ratio
for ihe strenpb-reducing effea of air-entrained conciete. Generally, therelore,

ned through the use of water-reducing chemical
aggregate not larger than | in.

slump vests made after removal

& =ater are for use in computing cement faciors Tor trail batches when 3 in. of 6 in. nom-
¢« n used. They are average for ressonably well-thaped coarfe sggregaies, well-graded from

'Adduscnal recommendanons for sir-<content and heceinary toberande on air content for control in the field are gven
7 a number of ACI documenis, including ACI 201, M3, 318,

grvet anrcontent limits. The requiremenis in other documents may not always agree caactly, so in proportioning con-
creie contideration must be given 10 sebecting an air content thai will

JO1. and 302, ASTM C 94 lor ready-mired concrete also
meel the needs of the job and alte meet the ap-
o 10 tewting for ax

imental 10 sirengih, In

and 1o thus compensate
for these large nominal maximum vizes

posure thould be considered even though 1here may be litile o

percem air 1 needed in the moriar phase of the concrete. If the mortar
volume will be subuantaly different from thar devermined in this recommended practice, it may be desirable 1o cal-

culate the needed aw content by 1aking 9 percent of the actual marar volume,

633 Step 3. Estimation of miung water and air
conten! -- The quantity of water per unit volume of concrete
required to produce a given slump is dependent on: the
nominal maximum size, particle shape, and grading of the
aggregates; the concrele temperature; the amount of en-
trained air; and use of chemical admixtures. Slump is not
greatly alfected by the quantity of cement of cementitious
materials within normal use levels (under favorable cir-
cumstances the use of some finely divided mineral admix-
tures may lower water requirements slightly - see ACI
212.1R). Table 633 provides estimates of required mixing
water for concrete made with various maximum sizes of
aggregate, with and without air entrainment. Depending on
aggregate lexture and shape, mixing water requirements may
be somewhal above or below the tabulated values, but they
are sulficiently accurate for the first estimate. The
dilferences in water demand are not necessarily reflected in
strength since other compensating factors may be involved.
A rounded and an angular coarse aggregate, both well and
similarly graded and of good quality, can be expected to
produce concrete of about the same compressive strength for
the same cement factor in spite of dilferences in wic or wi(c

+ p) resulting from the different mixing water requirements. o

Scannhed by Camscanner

Particle shape is not necessarily an indicator that an
aggregale will be either above or below in its
strength-producing capacity.

Chemical admixtures -- Chemical admixtures are used to
modify the properties of concrete 1o make it more workable,
durable, and/or economical; increase or decrease the time of
set; accelerate strength gain; and/or control temperature
gain. Chemical admixtures should be used ooly after an
appropriate evaluation has been conducted 10 show that the

- desired elfects have been accomplished in the particular

concrete under the conditions of intended use. Water-
reducing and/or set-controlling admixtures conforming 1o the
requirements of ASTM C 494, when used singularly or in
combination with other chemical admixtures, will reduce
significantly the quantity of water per unit volume of
concrete. The use of some chemical admixtures, even at the
same slump, will improve such qualities as workability,
finishability, pumpability, durability, and compressive and
flexural strength. Significant volume of liquid admixtures
should be considered as part of the mixing water. The
slumps shown in Table 6.3.1, "Recommended Slumps for
Various Types of Construction,” may be increased when
: used, providing the admixture-
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ness modulus of the fine aggregate. Differences in the

absolute volume, The equivalent w/(c + p) ratio by volume
amount of mortar required for workability with differen

will have to be recomputed for this condition since F, has

been changed from that originally assumed in this example

3.15 [3]
c

¢+p 3US(1-F) + G(F)
(3.15)(0.60)

3.15(0.75) + 2.40(0.25)
199 St g9

236 + 060 296

0.64

Total cementitious material would be 270 = 0.64 = 422 Ib,
Of this weight 20 percent (F, = 020) would be fly ash;
(422)(0.20) = 84 Ib of fly ash and 422 - 84 = 338 Ib of
cement,

6.3.5 Step 5. Calculation of cement content -- The
amount of cement per unit volume of concrete is [ixed by
the determinations made in Steps 3 and 4 above. The
required cement is equal, to the estimated mixing-water
content (Step 3) divided by the water-cement ratio (Step 4).
I, however, the specification includes a separate minimum
limit on cement in addition 10 requirements for strength and
durability, the mixture must be based on whichever criterion
leads to the larger amount of cement.

The use of pozzolanic or chemical admixtures will affect
properties of both the fresh and hardened concrete. See ACI
212,

6.3.6 Step 6. Estimation of coarse aggregate content —
Aggregates of essentially the same nominal maximum size
and grading will produce concrete of satislactory workability
when a given volume of coarse aggregate, on an oven-dry-
rodded basis, is used per unit volume of concrete.
Appropriate values for this aggregate volume are given in
Table 6.3.6. It can be seen that, for equal workability, the
volume of coarse aggregale in a unit volume of concrete is
dependent only on ils nominal maximum size and the fine-

\/éhlo 6.36 —|Volume of coarse aggrgjalgpcr
unlit of volumé& of concrele ;

Volume of oven-dry-rodded coarse
aggregate® per unit volume of
Nominal concrete for different fineness moduli
maximum size of fine aggregate’
of aggregate, in. .40 1.60 180 1.00
H 0.50 048 0.48 0.44
W 0.59 0.57 0.55 0.5}
K 0.66 0.64 0.62 0.60
1 0.71 0. 0.67 0.6%
1% 0.75 on 07 0.69
2 0.78 0.76 0.74 0.12
L} 0.82 0.80 0.78 0.76
6 0.87 085 0.8) 081

*Volumes are based on BEErEgaLes in oven-dry-rodded condition as descrnibed

mASTMC 9, e¥p LD
These volumes are selecied f1om empirical relationships 1o produce conarete

wilh & degree of workability suitable for ussal reinforced construction. For less p

woikable concrere, such as required for concrele pavement construction, they
may be incressed about 10 percent, For more warkable concrete see Section
6161

“Ser ASTM C 136 for caleulation of Mnenes modulu.
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aggregales, due to differences in particle shape and grading,
are compensated for avtomatically by differences in oven-
dry-rodded void content. :

The volume of aggregate in {1°, on an oven-dry-rodded
basis, for a yd® of concrete is equal to the value from Table
6.3.6 multiplied by 27. This volume is converted to dry
weight of coarse aggregate required in a yd® of concrete by
multiplying it by the oven-dry-rodded weight per 1’ of the
coarse aggregate.

63.6.1 For more workable concrete, which is
sometimes required when placement is by pump or when
concrete must be worked around congested reinforcing steel,
it may be desirable to reduce the estimated coarse aggregate
content determined using Table 6.3.6 by up to 10 percent.
However, caution must be exercised 1o assure that the
resulting slump, water-cement or water-cementitious
materials ratio, and strength propertics of the concrete are
consistent with the recommendations in Sections 6.3.1 and
6.3.4 and meet applicable project specification requirements.

63.7 Step 7. Estimation of fine aggregale content -- Al
completion of Step 6, all ingredients of the concrete have
been estimated-except the fine aggregate. Iis quantity is
determined by difference. Either of two procedures may be
employed: the weight method (Section 63.7.1) or the
absolute volume method (Section 6.3.7.2).

6.3.7.1 If the weight of the concrete per unit
volume is assumed or can be estimated from experience, the
required weight of fine aggregate is simply the dilference
between the weight of fresh concrete and the total weight of
the other ingredients. Often the unit weight of concrete is
known with reasonable accuracy from previous experience
with the materials. In the absence of such information, Table
6.3.7.1 can be used to make a first estimate. Even if the
estimate of concrete weight per yd® is rough, mixture
proportions will be sufficiently accurate to permit easy
adjustment on the basis of trial batches as will be shown in
the examples.

./ Table 6.3.7.1 — Firsl estimate of waelght of fresh
cancrele

Nominal First estimate of concrete weight, Ib/yd'*
maximum size Non-air-entrained Adr-entrained
of aggregate, in. concrete concrete

L] 31840 o

%) 38%0 1760

Y 3960 840

] 4010 380

1% 4070 8o

2 4120 1950

3 4200 4040

6 4260 4o

*Values calculated by L. (6-1) Tor concrete of medium rchnes (330 Ik of
cement per yd') and medium dump with aggregate specific gravity of 2.7 Wy
fer requirements based on values for ) 1o 4 in. slump in Table 6,13 If desired,
the estimated weight may be refined an followy if necessary information is
available. for each 10 Ib difference in mining water from the Table 6.3 3 valuey
for ) to 4 in. sump, comect the weight per yd' 15 b in the opposiie direciion;
for cach 100 Ib difference in cement content from 330 Ib, cormect (he weight per
yd' 15 Ib in the same direction; for each 0,1 by which "1::"“ wpewific graviy
dewintes from 2.7, corveat the concrete weight 100 b in the same direction For
it eniramed concreie the air content lor severe exposure from Table 630 ma
ued The weighi can be increased | percent Tor cach percent rediction in albr
content from that amount,
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