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Max. Size of Aggregates Equation R’ Eq. No
10 mm (3/8 inch) Wyw —0.294 S = 200 0.9636 1-1
20 mm (3/4 inch) Ww—0.213S>185 0.9663 1-2
25 mm (1 inch) Wy —0.188 S =175 0.9520 1-3
40 mm (1 % inch) Ww—0.1958 > 162 0.9438 1-4
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.(Expressed as Inequalities) (5>
S = Slump in mm (L5l ixs)
Ww = Water content, in kg., required for 1 cubic meter of concrete (;Ln.‘il -‘u.as.)
R? = Coefficient of determination ((Slas) Jalaz)
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Wy (%) =04T + 91.68 (Equation 2)
J]_,_A.“EJI‘).AU_‘LMH\JEL&_)&J‘EJPA_}JAGJ;T.‘\La:\.l:-l k__l_g_u:u.'ll Ll dlai!uﬁ.q

ACI 305 LF&I_‘)AK}'] uu)ﬂil.gutﬂu.u‘ﬁ‘éﬁ(rﬂ) ?EJQ‘EIJLI.ASTIA&L&_.EW] E.t\.“:t;us_,
) Candh13a 8 Gald) i daia sl

Max. Size of Aggregates Equation Eq. No
10 mm (3/8 inch) Ww— 0.8T — 0.294 S > 183 3-1
20 mm (3/4 inch) Ww— 0.8T - 0.213S>170 3-2
25 mm (1 inch) Ww— 0.8T— 0,188 S = 160 3
40 mm (1 % inch) Ww-— 0.8T - 0.1958 =149 d=4
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Sk (%) =148.22—2.3104 T (Equation 4)
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Type of Concrete Equation R’ Eq. No.
Non air-entrained £ = —12.167 +22.212 (W./ Wy) 0.9930 5-1
r Air-entrained £ = —9.491 + 17.589 (W / W) 0.9944 5-z_|

where: W, = Cement content, in kg., required for 1 cubic meter of concrete.
£’ = 28-day Concrete compressive strength in MPa, based on testing cylinders

according to ASTM.
-l Adladd e d_,...a;.“ CSay cdlalaall g saelyyg
Type of Concrete Equation R Eq. No.
Non air-entrained 22212 W, — W, (f> +12.167) = 0 0.9923 3b-1
Air-entrained 17.589 W, — W, (f°> +9.491) > 0 0.9944 3b-2
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W,y — (max w/c) Wes 0 (Equation 6)

where, max w/c = maximum water to cement ratio required for durability.
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W, 2 We min (Equa!.!'on 7(1)
We < Wemax ; (Equation 7b)
where,
W, min = specified minimum cement content (sl sall un GBI 4 7 gaise ()5 ()

W, mex = specified maximum cement content (il sall o S A 7 sansa O )5 =)
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Max. Size of Aggregates Equation R’ | Eq. No.
10 mm (3/8 inch) Vea=0.74-0.1F, 1.0 §-1
20 mm (3/4 inch) Va=090-01F, 1.0 8-2
25 mm (1 inch) Vea=095-0.1F, 1.0 §8-3
40 mm (1 ' inch) Vea=099-0.1F, 1.0 8-4
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Where; V., = volume of dry-rodded coarse aggregate per unit volume of concrete.
[CE RGP RS S LS PERN
F,, = fineness modulus of sand (JaJll 4a 523 jlas)

osaalliin g )y b A8 paa i Al A g dple Jpaanll oS dS 50 055 of Camy
psaaldsang o)y JAay die bl 85 Aill)l Y Aleal of el
O B e e B e s e R
;(Y\‘s\'\’s\‘\s\ £V

(e Ll g Aol Al ya LB () gay pu2all AS N (s S CilaaS Jlaaiad ) -

bl JS210 eladll g oall ALE 2 (Harsh Mixes) s Cialay
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Max. Size of Aggregates Equations Eg. No.
10 mm (3/8 inch) Wea = Gryy {0.666 — 0.09 Fpr} 9a-1
W < Gruw {0.814 — 0.11 Fp,} 9b-1
20 mm (3/4 inch) We 2> Gruw {0.810 — 0.09 F,.} 9a-2
Wea < Gruw {0.990 - 0.11 F,.} 9b-2
25mm (1 inch) We 2 Gruy {0.855-0.09 F,.} 9a-3
We < Gruw {1.045 — 0.11 Fpp} 9b-3
40 mm (1 Y inch) Wea 2 Gruw §0.891 - 0.09 F.} 9g-4
Wea < Gruw {1.089 — 0.11 .} 9b-4

o Bagmd paas S0 831 (5 5! pnad o o Saal IS 0 35 (o KDY (0) Uy

where;
W.. =weight of dry-rodded coarse aggregate per unit volume of concrete.
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Gy = dry-rodded unit weight of coarse aggregates.
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Ailine A ge s
E_} c 4 lN£+ Wa o 1-4 (Equation 10a)
Uw c Uca Ufa
Ailing ) e ?l.ﬁilul__u £y
WW+E+%+_%+&=1—A (Equation 10b)
Uw Uc UCI Ufa ad

where: Wy, W, , Waa » Wea , and Wg, = weight of water, cement, admixture, coarse aggregates
and fine aggregates having unit weights of Uy, Uc, , Ut ; Uea and Ug, respectively. Note
that U = Specific Gravity of the material multiplied by unit weight of water. A is the air
content in concrete.
: 44l Alalaa-V Y
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COST = C,, Wy, + Ce W + Coy Wey + Cra Wp, + WOR (Equation 11a)

Adliae o e plasinls o

COST = Cy Wy + Cc W + Cea Wea + Cru W +nCiqg Wag + WOR (Equation 11b)

where,

COST = total cost of one cubic meter of concrete in $ (4dleay) 4alSH)

Cw, Ce, Cag » Cea and Cp, = unit cost of water, cement, admixture, coarse aggregates

and fine aggregates respectively, expressed as $ per kg.

(ol AS 0 5 oy dilumal) 33 5 Ciians) 5 oLl (pa aS) 23K

WOR = total cost of workmanship, which includes mixing, casting, compacting and

finishing concrete  (Allaall 44IS) '
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Degree of Workability Relative Cost (%)
Low (S = 30— 50 mm) 115
Medium (S = 80 —100 mm) 100
High (S = 150 — 180 mm) 90
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Set the cost equation in the form of:

Acost=C; W, +C; Wy + C3 W3+ ... +1C, W (Equation 12)
This relationship can be expressed in a relative form as:

Acost’ =C p1 +Cp2+ C3ps+ cevenenes Py (Equation 13)

Where;

Acost = total cost of aggregates (alS U Adleay! 44SY)

Cy, C;, C; and C, = unit cost of aggregates having weights of W,;, Wy, Wy and Wi,
rcspectlveiy (elS_)M e FEIEOA | &!J.i‘ﬂ L u'_}_,}“ 8 g 4.1.15)

Acost” = total relative cost of aggregates (alS U Al 23ISY)

P1, P2, p3 and p, = ratio of each type of aggregates (alS_l (o 4dliadl) ¢ DU dynall EHN))
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Liax 2 pi ti 2 Liin (Equation 14)

where,
Linax, and Ly, = maximum and minimum limits of the recommended grading.
r; = ratio of the percentage passing of each sieve as obtained from sieve analysis

tests  (z il 30a)
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