mixing water il sla

9l Jia 5l dgall e LA 5 AT LS Jud 5 Al Al WA 3 Jeadaal) slal) 0985 0 g
Feledill 1 g ol Adl Al o Llie T8l S 8 Al (o AN 23 5 il sl g palaay)

oW 5 ¢ 0.3/l o @l Sl 3l g ¢ 0.5/ o A Al cilay sl 3l &35 YT slall A da i
. 2g/l e 4

Al Al Ll ) sal) aren (B ailia G pddl mlball slad) @)

Ll Al B 5 gl die Allaaiad s O o) 9 cdaduwdl Dla Al Jldd a) sla Jleaiaily zeamd Y
dpas dand g Adla Al daglia 8 dgsthall A jal) 1 Jguasll ciland) 4aS Baly) aa ¢ rabed g0 dpalal)
ol alad Jia B g Yl qulal sl Gy cVal 08 i Ll Aald il Glad qaagan B3

Al ;udumgcw\

tOMS 1) Ala Al Jald 8 G dll allall e elall Jlarind (Sa
Ca il AN AW Ga) e 30mMin e SSG 05 Y slall 13gs 8 jgaall cilan) clial AN Y ) —
J1aY) IS A 45min o8 S () J Y Cnag g il allall elally Jglilal) 45 Culad)
daglia 0 90% O JE Y slal) 13 Whld b Jatieg Al dauldl) clioll dagy 28 o call 7 aay hvlal) daglia —
o pill el pley culald Ailas cilial kil



+Ailu Al delia e dadll) slial) y ga0

Aaiiall) digial) L Al (e 8 S dpaS aa Jaladl) 3 Jidly S saad alal 3k Al il dslia yiiad
claal ABLDYL  Aaiial) Dla Al S Jara (0 (3-5)% O 29058 A Jiad ) g (Aaddiaiall y g
LA 03 (pe L) Cidal A Aasdiiual) § st olsal)

daBlidd) Ay laal) Cial gl olia Ay 38 pall Jilaall g AS jadiall LAl Jud slia 1 oaill saleall sbuall Jadd o
Aabaiall Alu Al s g (2B olia Aiiiall ddbu Ad) olua 4y S pal) Jilaal) ddlaia 348

(ol (S ading M) g (38 al) JSAIL G 9a LaS aliall 0dgd g dWal) Jilaal) (pe dpaad) L) e
95 =Y B Adlall bl 5 gl B ddall il A Guu s Enag B S G i Gal ol Gada oball aan
Ciliaa) gl B 3 ) sl cildal LY clia 13) AulaAd) claldl) e Lgaladiind e ofay Al

1(Jen) BlA elas Al Al delia (e Anilil) slual) aladin cida) &)

1% o B 0SS O o colatianall plal) Cpa AV 9 Al A0 Adaldd) ) Aslal) Balall (pa Adliaal) ALSY) o
Adaldl) aa Sua) Baa) gial) il guasdt 40<Y) AKY ya

(5 3IS) Jia Baainal) Al gall L8h g da paceal) dilaarSll 3) gal) Coudy Allatial) cildal SN olual) (3825 O iy o
(____c&l,'\‘gm‘ ccﬁﬁ}“ calaal) ctﬁu:\J,\SS\

7, sl Alu Al hidally 4 glial) Gl o culandl Y1 diajl Aaldld) cillal 5iY) oluall (383 o) quay o
_daalinall :\Am\‘gaﬂlié\ghﬁ 28

Ll Al AgaY) Al Dlw AlS Aaldd) dludll Jdo oliall o3¢t Ll Jlie¥) Cumy AY Qg o
Ao lazal) Ailu Al BLAE (et i g Al Al el

slal) 43S 88 g laiecal) slall 8 5 5o gall dglial) o) gal) AVS a5 (e rAdiaMa



LIl e s Al Al Al
= Water storage sladl Cro~= e 4 sl s ol
batch I~ Aidiall Aol Al
tank - - (301 )1)
-~ >
¥ - Ready mix truck with
LA retumed concrete
$ 4
b4
o $ 4
...-'. a e E¥e u? f
Reclaimed .-'. o e e 4 5
aggregates N B
) / O b %
palaiise 7 — H'F
/ *
L Conveyor
el A n|
/ \
Pump Recycled
Aaian water sl dlaa ol




ACI 211.1 85 dxile Al ALl arauas

Proportioning of concrete mixtures according to ACI 211.1
“dale dad8a -

dfilen) clilaY) N ABLSYL sla g il gy Cuand g (Jay 9 0aa) Cligand) (e Al ad) Adaldl) ¢ oS
(Ailassl) Al AN clBlLY) g (A aiall)

Allaal) 2 gaad) 48y oy AlAd) anaal Al
Al asanall Apulad) il e Y) -
dal<t)

Judal) ALs

Lagliall =

Z\.AHAS\ =

‘Cost 4ty ¥

il &Uhﬂ\ds,\.g\w\gﬁk‘i\%@mgjugw\m&eﬁpi il gl MY\M#
A ganall g A gliall Jia Al Ad) (e 4y pllaal) (el ) o Y gy o) 099 Culan) ApaS (adds of gild e

:Workability Jadil) 4,08 v ¥



Glasa G MSiAY) 6 88 o aliill o Jlad) caal gl Jaadl i agad) laka Lgdly &kl Al A Jiuds L8 L jad
02 I dal Alu A e Jgaad) Jal) o ddla A

10sl g ¢ A8 e Al Jadil) LG e
Al Al s Wgg 0o a9 (consistency) alsill o

@ld 8 ) f) bl il da 2 Aokl Al Al (38a5 ) @y 1 (cohesiveness) (&) dalal) .

(S
c cpyals Jadi s Lilo AN Aalal Auclial) Jabdl) Alis Ao 48 e o
Ladig g -

Al Al ALIALN o le ) 5 pal) g qual) A8y sk
Ll A Jaioda AL e Lad)

O Akl Al B g Loy hdd Saal g 48 jh ga g aded L) L Sl 4081 Ay gajal) daglal) e
roh Adlu Ad) Jauds liE yaait deadiieal) <l LAY aa)

. (slump test) el b Aa aladiuly haggll JLIS) o
. Vebe test il .

Compacting factor test ua !l Jale JL3d)



:Slump test L) LA

el jhi  30CmM 4slii)) (hgsda pia) all g da aladiuly Aluadl al g8 paadl L3N 134 em
. 10Cmbdal) 4iaeld ki 5 20CmM (Al
=400 ) gladlt 188 ¢ LSRN 5 e

S i &30 o ) Al A U 5 s Aol o g g s G2 Ty g el BTN
(60Cm sk 51.6CmM o quuad jhl) a ) cuudl aladiuly 43 & 25 A8k S a5
Ll gL B g dads ) ol cag Aall rdas Ay gty a6l pdal) 22y, ¥

Ciliual gall b aa Ailil) dagdl) ¢ 859 (38 yall JSEN A LaS L) Lg.ct.aug.a&.m?su%w\ J\ﬁ-ﬁs}u&:\_“
A hal) Al A) a) g8 aaasl

. Emm @@ A L jia gl uldy
lanindd Jadall Jlaal) g ddlu A0 ol 68 g ol Jag dall Ja gt (s 480NN

bg i kg Al Al
. » A - ledleniny Juadall Jlaall
(mm) Lol g Ll Al
| Sl gliall b dualad) Lt A Jlas¥ A Janiug
0-25 Dl dela faa Aiaidie . .
| las 5 98 (Saillua 7 Jasia g clan Allal)
lagliall <3 Al i) cle Uil b Janiod
25-30 dala dindd i . .
(§ 9 Sl 7 Jantiy g (dallal)
cdgalall datecdd) dgilu A cloUal 4 Jasdied
50-100 il Ua i ’ . «
L_;JLC- GJ d-allu.u
A8 g 3 puuall Al Al cleUsdl) 6 Jadus
100-150 i Al ? A “
§ 54 o daiawy g ol Aalidll 8 alisl)




Slump:  British and European
standards

L .

RN standard

1. The cone is filled with
concrete in three equal
layers, and each layer is

2. The cone is slowly
raised and the
concrete is allowed to

compacted with twenty-five slump under its own

tamps of the tamping rod.

weight.

3. The slump is
measured using the
upturned cone and
slump rod as a
guide

True Shear

Types of slump

Collapse
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Compressive strength, MPa
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Non-air entrained concrete
Specimens: 150 x 300 mm cylinders
made with ASTM type | or normal
portland cement
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Number of Tests Modification Factor F

15 1.16
20 1.08
25 1.03
30 or more 1.00
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Specified Required Average
Compressive Strength Comprmwe Strength
f' .. MPa (psi) f'or. MPa (psi)
<21 (<3000) f'f.+ 7.0(f .+ 1000)
21 to 35 (3000 to 5000) '+ 85(f .+ 1200)

>35 (>5000) ff_+ 100 (f_+ 1400)
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Y REN
dj . Typical Relationship Between Water—Cement Ratio and
Compressive Strength of Concrete®

Water—Cement Ratio by Weight

Compressive Strength at Non-Air-Entrained Air-Entrained
28 days, f' 5, MPa (psi) Concrete Concrete
448 (7000) 0.33 —

41 (6D00) 0.41 0.32

35 (5000) 0.48 0.40

248 |4000) 0.57 0.48

21 (3000) 0.68 0.59

14 (ZD0OO) 0.82 0.74

* Amencan Concrete Institute (ACI 211.1 and ACI 211.3)

* * Strength is based on cylinders moist-cured 28 days in accordance with ASTM (31
(AASHTO T23). Relstionship assumes nominal maamum size of aggregnie shout 19
025 mm (ifiolin)
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Exposure condition

Maximum water-cementitious material
ratio by mass for concrete

Minimum design compressive strength,
fe, MPa (psi)

Concrete protected from exposure to
freezing and thawing, application of
deicing chemicals, or aggressive
substances

Select water-cementitious material ratio
on basis of strength, workability,
and finishing needs

Select strength based on structural
requirements

Concrete intended to have low

deicing salts, salt water, brackish water,
seawater, or spray from these sources

permeability when exposed to water 0.50 28 (4000)
Concrete exposed to freezing and

thawing in a moist condition or deicers B4 31.44500)
For corrosion protection for reinforced

concrete exposed to chlorides from 0.40 35 (5000)

Adapted from ACI 315 (2002).

© J o
Minimum design

Water-soluble Maximum water- compressive
Sulfate sulfate (SO4) in soll, Sulfate (S04) cementitious material strength,

exposure percent by mass* in water, ppm* Cement type** ratio, by mass f.. MPa (psi)

Negligible Less than 0.10 Less than 150 No special type required — —
. I, MS, IP(MS), IS(MS), P(MS),

Moderate 0.10t0 0.20 150 to 1500 (PM)(MS), [(SM)(MS) 0.50 28 (4000)
Severe 0.20 to 2.00 1500 to10,000 V, HS 0.45 31 (4500)
Very severe Over 2.00 Over 10,000 V, HS 0.40 35 (5000)

*Tested in accordance with the Method for Determining the Quantity of Soluble Sulfate in Solid (Soil and Rock) and Water Samples, Bureau

of Reclamation, Denver, 1977.

** Cement Types Il and V are in ASTM C 150 (AASHTO M 85), Types MS and HS in ASTM C 1157, and the remaining types are in ASTM C 595
(AASHTO M 240). Pozzolans or slags that have been determined by test or service record to improve sulfate resistance may also be used.

T Seawater.
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Norrunal Bulk volume of dry-rodded coarse
maximum aggregate per unit volume of concrete for
size of different fineness moduli of fine aggregate*
aggregate,
mm (in.) 2.40 2.60 2.80 3.00
9.5 (%) 0.50 0.48 0.46 0.44
12.5 (%) 0.59 0.57 0.55 0.53
19 (%) 0.66 0.64 0.62 0.60
25 (1) 0.71 0.69 0.67 0.65
37.5 (1%) 0.75 0.73 0.7.] 0.69
50 (2) 0.78 0.76 0.74 0.72
75 (3) 0.82 0.80 0.78 0.76
150 (6) 0.87 0.85 0.83 0.81

*Bulk volumes are based on aggre

gates in a dry-rodded condition as

described in ASTM C 29 (AASHTO T 19). Adeipted from ACI 211.1.
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Water, kilograms per cubic meter of concrete, for indicated sizes of aggregate*

Slump, mm 9.5mm | 12.56 mm 19 mm 25 mm 375 mm | 50 mm** | 75 mm** | 150 mm**
Non-air-entrained concrete
25to0 50 207 199 190 179 166 154 130 113
75 to 100 228 216 205 193 181 169 145 124
150 to 175 243 228 216 202 190 178 160 —
Approximate amount of
entrapped air in non-air- 3 2.5 2 1.5 1 0.5 0.3 0.2
entrained concrete, percent
Air-entrained concrete
25t0 50 181 175 168 160 150 142 122 107
75 to 100 202 193 184 175 165 157 133 119
150 to 175 216 205 197 184 174 166 154 —
Recommended average total
air content, percent, for level
of exposure:
Mild exposure 4.5 4.0 35 3.0 25 2.0 1.5 1.0
Moderate exposure 6.0 o] 5.0 4.5 4.5 4.0 3.5 3.0
Severe exposure Iih 7.0 6.0 6.0 5.5 5.0 4.5 4.0

Ol g daadll jadl i wil) cWla Vo ¢
5 il ciljgal Gha il i 098 Al sl & 1 Mild exposure (—i:éill) uéghﬂ\ oadl) Ja Y
gl 9S8 Lgaladind ali La 13 Al ggd) cilol8ll) Al ga aladia dala Y AUl o das dhaa ol sl
G LB Gual ga
dggha It lu Al (2 i ¥ Adlad) sda uﬁ : Moderate exposure (bwgiall) Juisall (o il da Y
sl ¢yl paad) 1 JUia , 3 jldal) Al 3 gall g zBadU (i i W IS g danill Alas S AL gl il
TN 3l e S Y Aol ol g il el e il 1 3520
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Slump, mm (in.)
Concrete construction Maximum®* Minimum
Reinforced foundation
walls and footings 75 (3) 25 (1)
Plain footings, caissons, and
substructure walls 75 (3) 25 (1)
Beams and reinforced walls 100 (4) 25 (1)
Building columns 100 (4) 25 (1)
Pavements and slabs 75 (3) 25 (1)
Mass concrete 75 (3) 25 (1)

= glall 3.,3.«5 -
Al ) gadl plal) duas il
Mgaka 4y 5 LSl g ol puaald) dayl o

chggd) Jlaka .
.WIC 4 o

Al pgl) il Lal Al .
Ailen) Aoyl ) 3 gall £ g3

Gl .



Gl B pusa (pany) AldA clhgaand dldg Vo ad) Jgaad)l (e Al 4o PU) slal) 4SS Jdo Jgpand) oy o
Adla g 3ala L) ga

il ga Culd B puSa ALEAY) iy gand) (oS5 Ladie 12K ldlay V aB ) Jgaadl B 3o gl adll) (adddd aiy e
Sl aa pladda dpds LLEAYN Cilypand) 0 6SE Ladie 21K Qg JlaBay slall 4 adds g cBalad) (e Ay B
5 slada dapda AEAY Cilgaad) (4S5 Ladie 27Kg Jldbay slal) daS (R8AS § 3 wSall iy guaadl (1
_iALASSJJM

- Silaada

9 Jagugd) laBa (aldlS) g W/C sl (aldil) g Al ggd) el ) Al Ao 3305 § il guand) dlag) Bali3 o)
slall 4paS Julf) slall dpladl (il ) gas colall dladdal) ClBLLY) 93 ) 9aa 418 Gy guan ej.\iﬂu\
(Balal 4o )

aladic) 3 W/C 4l g gagdl e 305 5 cuban) 4aaS 325 9 Byl adl daja 3ab) b Jdally
(AL Ao ) elall daS By 3) slall dalad) 305 A (s2755 Balad) Gl gad) <uld iy guaal)

ge 58 g Aiian) A gall ApaS V ot

(7 a8 Ala ya) A g ra Casal slall ApaS ol A ABLEYL ¢ (Y ad) Aa ) W/C el DA e Wb oy o

ehle 08 dyguaall C dad JBIY O) iy

¢} 334kg/m3 & JE Y &) Gy Gl 4 b 4031 3 g daadll @i ygal Madd) (a il A B Y
L0 9t Culoandl B Basaall caliel) adl) Geladi Y o G W/C 4adl) 3 C2334kg/m3

. W/C<0.45 « C2385kg/m3 & :slall cat il All cua Alla B Y

QJJ‘JJALAQ_dﬁ&d‘&,\*ﬁm\"&z\aﬂsa&:W‘JWY‘&Q}J&AJQ‘Q&MJQMJ‘Y‘ .y
4 ad) Jgaal)



Vel dsas

Nominal maximum size Cementing materials,
of aggregate, mm (in.) kg/m? (Ib/yd?3)*
37.5 (1%) 280 (470)
25 (1) 310 (520)
19 (%) 320 (540)
125 (%) 350 (590)
9.5 (%) 360 (610)
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weight of losse material

Absolute volume = relative density (specific gravity)of a material » density of water
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