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Mixes Proportions Aaldl) cligga sl 7.3
Reference mix with super plasticizer 1litter/100kg cement

Characteristic strength: specified 25 N/mm?* at 28 days. Proportion

defective percent=5%

Standard deviation: Fig 3 4 N/mm?®

Margin C1 1.64 * 4 = 6.56 N/mm®
Target mean strength C2 25 + 6.56 =32 N/mm?
Cement type Specified (OPCQ)

Aggregate type: coarse crushed

Aggregate type: fine Uncrushed

Free-water/cement ratio Table 2 Fig4=0.5

Slump Specified (0-10 mm)

Maximum aggregate size Specified 10 mm

Free- water content Table 3 150 kg /m°.

Cement content C3 150/0.5= 300 Kg/ m>.

Relative density of aggregate 2.22 Known/assumed
Concrete density Fig 5 2140 Kg/m3

Total aggregate content C4 2140-150-300=1690 kg / m°.
Proportion of fine aggregate Fig 6 0.38 percent

Fine aggregate content 0.38 * 1690 = 642.2 kg / m>.
coarse aggregate content 1690—-642.2 = 1042 kg / m>.
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Quantities Per Kg anSIL sl

Cement Fine Coarse
Water Aggregate Aggregate
(Kg) (Kg) (Kg) (Kg)
300 150 645 1050
CriansY) (e dei€ AL jal) d8la) CilpaS*

CriansY) el JENPEIA P o
(=) (=) (%) e )
300 0 0 1
300 15 5 2
300 30 10 3
300 45 15 4
300 60 20 5
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The Results and Discussion

daxiall 1.4

Ao lezal) LAY Jee e Sllag e An)yall a8 chlalall 4 llaal) Cually culi <Kall 54 N
58 & aglaally alaial) dun (wld ¢ lieSall = e (;.1 lehaliy algall dayU)
—1 SV LY il il Cua ¢ 2928 514 ¢ 7 ¢ 3 dallea

3 gall @l la) il 2.4

Cand) @l Ll mill 1(1.4) Jaad)

Test Results Requirements of BS 12 199
Consistency 29.0%
Setting Time
a) Initial 45 min Not less than 60 min (-15 min)
b) Final 2 hrs. Not more than 10 hrs.
Compressive strength
a) 2 days
1 20.1 N/mm®
2 20.7 N/mm? Equal or Greater than 10 N/mm?
3 19.5 N/mm’
b) 28 days Equal or greater than
1 45.6 N/mm’ 42.5 N/mm®
2 47.1 N/mm®
3 48.2 N/mm®
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S Ja ) JLARY AR AD sl il :(2.4) dsaad

ple - Jaidldaid | s (Badl ool | s - GO0 | % bl 4
4,75 0.003 0.997 99.7%
2.36 0.001 0.996 99.6%
1.18 0.018 0.978 97.8%
600 0.379 0.599 59.9%
300 0.405 0.194 19.4%
150 0.091 0.103 10.3%
0.75 0.064 0.039 3.9%
Pan 0.039 0.000 000

AN LAY ST el gl 1(3.4) Jsaad

ol - Jaalldazm | P2 el 050 | s Ll o550 | 9% Jlall A

12.5 7 1988 99.6
9.5 217 1771 88.77
4.75 1.707 64 3.2
2.36 60 4 0.2
1.18 0 4 0.2
Pan 4 0 000

1995
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%0 sl AL ¢ 9 (1) by Aalall (aliaiay) duud 1(5.4) Jsaad)

sy casall oy | sl 03
b sia oalaiay) slally gl Gila g o,
wakaiaY) (%) (p23) (a2S) qusall | dklil)
6.07 2.325 2.192 (2)
6.16 6.16 2.305 2.158 (3) 1
6.25 2.396 2.255 (1)
Y05 sl ALl (2) ad) Al (abaia¥) dpi 1(6.4) J )
S casall ogg | sl Gy
b gia abaiay) slally gl ila ad, Al
akaiaY) (%) (p23) (a23) casall | dhldl
5.5 2.454 2.325 (1)
6.23 6.5 2.353 2.208 ) 2
6.7 2.325 2.178 A3
Y010 sl ALzl (3) ab; Ahlill Lalaiel) duud 1(7.4) Jsial
S casall 00y | sall 0y
T a oabaila¥l | plally aadl) cila 2, o
gakaiaY) (%) (+23) (+23) Gusall | Adaldl)
5.96 2.3895 2.255 1)
6.96 7.37 2.4545 2.286 ) 3
7.57 2.4665 2.293 (3)
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Y015 sl ALl (4) ad, Aldl (alaiaY) A 1(8.4) Jeandl

dcasal) (g | sl Oy
.huﬂA uabaliayl f-LASL) @Aﬁﬂ\ L.ile eé) eé)
uakaiay) (%) (a23) (a23) asall | Akldl)
6.22 2.477 2.332 (1)
6.51 6.57 2.353 2.208 (2) 4
6.75 2.325 2.178 (3)
%20 Ll Ll (5) b Aaldll Galalial) dd 1(9.4) Jgaal)
i calall 0y | sl Oy
b gia pakaliay) slally apdl) PN PEJ ?ﬁJ
uakaiay) (%) (+23) (+23) qusall | Akldl)
5.8 1.970 1.862 (1)
6.3 6.3 2.078 1.954 Q) 5
6.8 2.186 2.046 (3)

LS ¢yl (e Ailida o e 3 ginall dnadl) @l gl ) il e abaiell) i 5at ol yal o3

JSall 8 LS Sl paliaial) 45 Jlie ¢l ) & A5l e (9.4) — (5.4) Jshaall (8 (e 5o
(1.4)
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Al cilhalil) Calidal a gy 3 jae (B cilmSall (a28) s ¢l 5 oY) @il g 2(9.4 ) Joaadl

'y
Ky sy | 2 3 4 5
asall
2.18 2.20 2.26 2.29 2.32
2.21 2.21 2.27 2.30 2.33
2.22 2.29 2.36 2.35 2.35

AANAal) cllaldl) Cilidal aLi7 jee b cilmSall (aaS)dly )3 sY) gl gda sy 1(10.4) Jsaad)

ad)
2, Al 1 2 3 4 5
caSal)
2.20 2.24 2.25 228 | 231
2.24 2.25 2.29 229 | 233
2.26 2.26 2.29 231 | 235

JAla A claldl) Citidal Ta gy 14 pae b clisall (a2l ¢ 500 il mia gy 1(11.4) Jsaad

=y
i, sy | g 2 3 4 5
sl
2.23 2.25 2.26 2.27 2.31
2.29 2.27 2.28 2.29 2.32
2.30 2.28 2.30 2.32 2.50
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Allidal) cillaldl) Cilidal L gy 28 s (B cilasall (anS)ly ol 5 s il a9 2(12.4) sl

a8
Al ESAEY 1 2 3 4 5
casall
2.26 2.20 2.14 2.30 2.30
2.35 2.20 2.20 2.35 2.31
2.38 2.26 2.20 2.37 2.51

o A sinall Tuadll Ll 2 g (28 5 14¢7¢ 3 ) Jlac Y ciliaSall Blicasyl Lia) g ol
(2-4) SV 5 (17-4) —(13-4)J sl L e 58 LeLS 9%( 20 ¢ 15 ¢ 10¢ 5 « 0) Adline s
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sl ABlal g (1) ady dmy pal) Adalilt Jadial) da glia geiliis £(13.4)J 930

b gia
dag\ia daglia b gia Jaa b gia sl (s
Jarall Jasall Jaa ﬁ.&@.ﬁ\ GJsd (kg) )
(N/mm?) | (Nfmm?) | e3¢0 | (kN) | (kg)
(kN)
69.5
7 2.18
8.7 86.7 736 2.2 2213
7.4 253
117
11.7 2.22
118
11.8 220
13.4 1425 ‘
14.25 134.5 2.23 2.24 abi 7
142.9
14.29 2.26
21.9 219.7 223
227.8 2.27 o5 14
22.6 228 226.7 299
232.5
233 2.30
23.55
316.8 2.26
293.9 329.5 0528
294 | 31.68 233 535
32.95 235.5 2.38
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%o Sty sl ddlialy (2) ad ) Aalall Jaiial) da glia gmiliic (14.4) Jsaad)

b“f: Aagia | basia das bugia | casall ¢y
il e NI IR g R
(N/mm©) (KN)
8.5 85
2.20
8.96 89.6
9.03 90.3 2.23 291 2523
96.3
9.63 2.29
10.76
107.6 2.24
11.39 113.96 ;
11.06 110.6 2.25 2.25 ol 7
12.37 123.7 2.26
11.16 111.6 2.25
13.5 2.26 a5 14
1179 | 135.13 117.9 2.27
17.59 175.9 2.28
12.83
128.3 2.20
ps2 28
19.4 19.47 | 194.2 194.7 2.2 2.20
259.8
25.98 2.26
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%104y uad) ALl (3) ad ) Aaldll Javal) da glia gilii 1(15.4) Jgandl

b gia
daglia da glia b gia Jaa bagia | caSall o)y
biall | il Jaa ! a3l (kg)
(N/mm?) | (N/mm?) | sl | ey (kg) 2l
(kN)
100.2
10.02 2.26
13.25 13.12 132.5 131.2 23
2.27 psi3
2.36
16.61 166.1
110.7
11.07 2.25
150.9 .
15.3 15.09 153.1 2.27 220 el 7
19.79
197.9 2.29
11.69 116.9 2.26
16.34 15.22 163.46 152.2 2.28 228 e 14
22.13 2213
2.30
2.14
18.17 181.7
2.2 e 28
2059 | 1996 | 2059 | 1996 2.20
23.65 236.5 2.20
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% 154maly pal) ALl (4) ab ) Ualill il da glia il 1( 16.4) Jgad)

bugia | dagia | hugie bagia | casall 039
dagia | bl daa Jaa aSs (kg)
bial | (N/MmM?) | el | gl (kg) )
(N/mm?) (KN) (kN)
59.8
5.8 2.30
8.1 80.6
8.2 82.7 2.31 799 25:3
2.35
9.9 99.4
86.4 2.28
8.68
11.2 11.94 112.3 ‘
119.4 2.29 2.29 ekl 7
13.12 131.2 2.31
11.17 111.7 2.27
2.29 a5 14
15.93 1824 | 159.3 182.4 2.29
18.4 184 2.32
12.27
122.7 2.30
16.08 15.36 160.8 153.6 2.34 ps: 28
2.35
20.62
206.2 2.37
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%0204muis o) ALl (5) ad ) Adaldll Javal) da glia gilii 1(17.4) Jgaadl

bugie | daglis | Lugie Lugle | cusadl s
4qglio Lial Jaa Jaa sl (kg)
Lial | (N'mm?) | asded Audig il (kg) _an/
(N/mm?) (KN) (KN)
7.94 79.4
2.32
8.6 834 86.06 834 2.33 2.33 ps 3
9.54 95.4 2.35
7.55 75.5
2.31
13.76 | 1466 | 137.6 146.6 2.33 233 olil 7
190.8
19.08 2.35
13.84
138.4 2.31
20.21 22.99 202.1 2299 2.38 2.32 ps 14
238.4
23.84 2.50
244.5
24.45 2.30
28.19
27 270.76 281.9 2.37 231 ps 28
2.51
28.59 285.9
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BS 882 : 1992

Tuable 3. Coarse aggregate
Sleve size Percentage by mass passing BS sieves for inal sizes
Graded aggregates Single-sized aggregate
40 mmto |20 mm to |14 mm to | 40 mm 20 mm 14 mm 10 som 5 mm!)
5 mm 5 mm 6 mm
mm
50.0 100 - - 100 — - - —
37.6 90 to 100 — 85 to 100 | 100 — - -
100
20.0 356 to 70 (l)gov.o 100 0to 25 86 to 100 | 100 — -
14.0 25 to 55 | 40 to 80 98()(0 — 0to 70 85 to 100 | 100
1
10.0 10 t0 40 |30 to 60 |50 t0o 85 |0 to b 0to 26 0 to 50 85 to 100 | 100
5.0 Otob 0to10 |Oto 10 |— Oto b 0to 10 0to 25 45 to 100
2.36 — - —_ - - - Otos 0 to 30
) Used mainly in precast concrete products.

grading of the sand shall comply with the overall
limits given in table 4. Additionally, not more than
one in ten consecutive samples shall have a grading
outside the limits for any one of the gradings C, M
or F, given in table 4.

5.2.2 Heavy duty concrete floor finishes
For heavy duty concrete floor finishes, the sand
shall comply with C or M given in table 4.

Table 4. Sand
Sieve size Percentage by mass passing BS sieve
Overall d 1 limits for
lmits
C M F
10.00 mam | 100 - — —
5.00 mm | 89 to - - —
100
2.36 mm | 60 to 60 to 65 to 80 to
100 100 100 100
1.18 mm | 30 to 30 to 90 | 45 to 70 to
100 100 100
600 pm 15 to 15 to 54 [ 25 to 80 | 55 to
100 100
300 pm 5to70 |[5t040 |5to48 |5t0 70
150 pm 0to 151 | — — —

) Increased to 20 % for crushed rock fines, except when they
are used for heavy duty floors.

NOTE. Individual sands may comply with the req

5.3 All-in aggregate

When determined in accordance with BS 812 :
Section 103.1 using test sieves of the sizes given in
table 6 complying with BS 410, full tolerance, the
grading of all-in aggregate for concrete shall be
within the appropriate limits given in table 5.

of
more than one grading. Alternatively some sands may satisfy
the overall limits but may not fall within any one of the
additional limits C, M or F. In this case and where sands do
not comply with table 4 an agreed grading envelope may also
be used provided that the supplier can satisfy the purchaser
that such materials can d of the ired
quality.

Table 5. All-in aggregate
Sieve size remm::‘:.y mass passing BS sieves for
40 mm 20 mm 10 mm 5 mm?)
50.0 mm | 100 - — -
|137.5 mm | 95 to 100 - -
100
20.0 mm | 45 to 80 | 95 to - —
100
140 mm | — o 100 -
10.0 mm | — - 95 to 100
100
5.00 minf 25 to 50 | 35 to 55 |30 to 65 | 70 to
100
2.36 mumy — —_ 20 to 6O | 25 to
100
1.18 mm{ — - 15 to 40 | 15 to 45
600 pm [8to30 |10t 35 |101to30 |5 to 25
300 pm | — - 5to 15 |3to20
150 pm |0to 82 |0to82 [0to82 |0to 15
} Used mainly in precast concrete products.
* Increased to 10 % for crushed rock sand.

Z705

Copyright by the BSI, Fri Sep 21 10:15:03 2001, Uncontrolled Copy
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Parttwo: The mix design process
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Table 2 Approximate compressive strengths (N/mm?} of
concrete mixes made with a free-wat

Type of

coarse

5 Flow chart of procedures 13

higher free-water content and increased workability.

On the other hand, if the design method indicates a
cement content that is higher than a specified maximum
then it is probable that the specification cannot be met
simultaneously on strength and workability requirements
with the selected materials. Consideration should then be
given to changing the type or strength class, or both, of

class aggregate 3 7 28 91
425 Uncrushed 22 30 42 49

Crushed 27 36 43 56
52.5 Uncrushed 29 37 48 54

Crushed 34 43 55 6l

Theow s strergth is
1N/mm? = 1 MN/m? = 1 WP (N = newton; Pa « pascal.)

corresponding value for the free-water/cement ratio can
then be read from the abscissa. This should be compared
with any maximum free-water/cement ratio that may be
specified and the lower of these two values used.

5.2 Selection of free-water content (Stage 2)

Stage 2 consists simply of determining the free-water
content from Table 3 depending upon the type and
maximum size of the aggregate to give a concrete of the
specified slump or Vebe time.

5.3 Determination of cement content (Stage 3)
The cement content is determined from calculation C3:

- tent %
Cement ¢ _  free-water conten c3

free-water/cement ratio

The resulting value should be checked against any
maximum or minimum value that may be specified. If the
calculated cement content from C3 is below a specified
minimum, this minimum value must be adopted and a
modified free-water/cement ratio calculated which will
be less than that determined in Stage 1. This will resultin
a concrete that has a mean strength somewhat higher
than the target mean strength. Alternatively, the free-
water/cement ratio from Stage 1 is used resulting in a

Table 3 Approximate froe-water contents (kg/m?) required
to give various levels of workability

Slumgp (mm) 0-10 10-30 30-60 60-180
Vebe time {s) >12 6-12 36 03
e i W B

of aggregate  Typeof

{mm) aggregate

10 Uncrushed 150 180 205 225
Crushed 180 205 230 250

20 Uncrushed 135 160 180 195

__Crushed 170 190 210 225

40 Uncrushed 115 140 160 175

Crushed 155 175 190 205

Note: When coarse and fine aggregates of different types are used, the free-water
content is estimated by the expression;

W +BW,

where W, = freewater content appropriate to type of fine aggregate
and W, =freewater content approporiate to type of coarse aggregate.

c t, the type and maximum size of aggregate or the
level of workability of the concrete, or to the use of a
water-reducing admixture.

5.4 Determination of total aggregate content (Stage 4)
Stage 4 requires an estimate of the density of the fully
compacted concrete which is obtained from Figure 5
depending upon the free-water content and the relative
density® of the combined aggregate in the saturated
surface-dry condition (SSD). If no information is
available regarding the relative density of the aggregate,
an approximation can be made by assuming a value of 2.6
for uncrushed aggregate and 2.7 for crushed aggregate.
From this estimated density of the concrete the total
aggregate content is determined from calculation C4:
Total aggregate content = D—C—W e & ¢
(saturated and surface-dry)

where D = the wet density of concrete (kg/m®)
C = the cement content (kg/m’)
W = the frec-water content (kg/m®)

5.5 Selection of fine and coarse aggregate contents
(Stage 5)

Stage 5 involves deciding how much of the total
aggregate should consist of materials smaller than 5 mm,
ie the sand or fine aggregate content. Figure 6 shows
recommended values for the proportion of fine aggregate
depending on the maximum size of aggregate, the
workability level, the grading of the fine aggregate
(defined by its percentage passing a 600 um sieve) and
the free-water/cement ratio. The best proportion of fines
to use in a given mix will depend on the shape of the
particular aggregate, the actual grading of shape of the
particular aggregate, the actual grading of the fine
aggregate and the use to which the concrete is to be put.
However, adoption of a proportion obtained from

Figure 6 will generally give a satisfactory concrete in the
first trial mix which can then be adjusted as required for
the exact conditions prevailing.

The final calculation, C5, to determine the fine and
coarse aggregate contents, is made using the proportion
of fine aggregate obtained from Figure 6 and the total
aggregate content derived in Stage 4:

L y Tefative densty’ used in .
“SpRCAC gravity' and s the ratid of the mass of 2 gven vokme of substance fo e mass of an
00U volume of water.
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14 Parttwo: The mix design process
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Figure 5 Estimated wet density of fully compacted concrete
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Figure 6 Recommended proportions of fine aggregate according to percentage passing a 600 um sieve
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5 Flow chart of procedures 15

Maximum aggregate size: 20mm

Slump: 0-10mm 10-30mm 30-60mm 60-180mm
Vebe time: >12s 6-12s 3-6s 0-3s
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Figure 6 (continued)
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Maximum aggregate size: 40mm

Slump: 0-10mm 10-30mm 30-60mm 60-180mm
Vebe time: >12s 6-12s 3-6s 0-3s
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Figure 6 (contnued)
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Parttwo: The mix design process

Fine aggregate content=
total aggregate content X proportion of fines
:.C5

Coarse aggregate content =
total aggregate content — fine aggregate content

The coarse aggregate content itself can be subdivided if
single sized 10, 20 and 40 mm materials are to be
combined. Again, the best proportions will depend on
aggregate shape and concrete usage but the following
ratios are suggested as a general guide:

1:2 for combination of 10 and 20 mm material
1:1.5:3 for combination of 10, 20 and 40 mm material,
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