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FUNDAMENTALS OF CONCRETE
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Fig. 2 Concrete of lower water-cement ratio is stronger and more watertight.
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Fig. 3 Keeping concrete moist increases strength, especially at early ages
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later ages

c (o c c ¢ c C 0o 0C C
S’DO’)OD@ :DO’)§L<(7A3§(D€](DO’)<D€L)€% @JCD?’)BCO’L) QPSOO’)GE

~8o

(’)](D GDCDOC)@ GG]—

09)(\)8@@ G;éjLz:Dé 0. G (by weight) ( ¢ § gal / sack oomg?éz:;x\gjf: 33025:3

[P (‘c‘ﬁ o c C’]C Co G090, ,2¢ (o ']c‘
GC]O?§@Qoﬁ @(DO)BC’] 82(')’)]“_0&)0389@0) QCDBLECO O“iCoQADDo CCDEII (IfCU('D GG]O OCﬁQ

=

@6@3":}3 D ‘32&039 '.)”320)0%@ G@%B& 89036"@ O’)CQC"GB&@CG@D(% G;]OC)@ @8"

5B DR 0473 TS o q DPOps e S [[§©3
c oc c c c ¢ oc __ ¢

C]O@?CgaA)’)see eO?O’)G:D’.)Q)es G?Q(ggoggogjg«%ca)@”

00



o5j|.[g6es&9[g€s (shrinkage & swelling )

DSMQODD s;@omo@ Ao &o)cd]c e’_>°moo o@fz [ Coooc)@&e 8
27 PO ¥ d 5 ARRPIE>E
C

@@é%@ 89'J88 @(’DC\)O’)@(DGOTODEII ODGOJ% OJ@ﬁu?SODé OG’DGDS’)C\):%GOD COS

a
C [« c o)
GCD’)G@’JC 3G ’)CoS’DC\)GQ]O’) OD&DQC]CDBII Q)CDGO)GCD’J('DCDC OA)§CD€]®O? 32

o)

®®O’)G§GG®’DC @[Q)OGO»OODo&C@E GLDO)(;]II OOG@’)C O’)§O’)C]<DO) > O|§ | ﬂe@

L a

~ Cc?
3
0,, -gn

(expansion) B@@&sooo% cqe?sﬁgﬁc@t)é o3] Lotz]cs (shrinkage) @®q$ SeLps:Dgn

° L

¢ c c c <. C’ﬁ C,0 O o [« c ¢ .. C
OAD§('DC]®OJE OO’)O?oO’)LICQI C\‘?e.,esojefo? QG§QGOJ’)G@3(;Z OO’)O§°O’)LIC GC\)CX?

\NO O OC -1 C c C o o \NC O OC C
OO%] (?O?C CJ.QL (humldlty) O@’DCDO’)LIQalC O’)§O’)q®@ GC]&DS S(j GQ)OOOO;J) ®C?CS@ @J’DEC\%JC
GQO%é]O% ECOEQ)’Dg 20 c‘II £C833 CQ’D G (S]OCG 32 8320|208 B 09) ('D <D ( )

C ¥ TP PR €9 sosoaep: (9003 9

C o o C Qo
paste 2P m)|,0007 1 9V @ c§egu
C O OocC . <1 o C C C
eoeosn,@g ooocseo  (relative humidity) o cpﬁm?sElg Gg@@oemo
(saturated) 32@@32@§<J9 mo%o%cswc@oo%eagoewoszc@sze§ (poed o%oogf:seo 90%)

Q Q C C C C C C C C C ﬁ o o C ° C
O?u GC\)'J;)QJC\)(DC\}JC OD’)9§(7A)§(DQ]<DOJE cO 000 C\?IJC DOCOMLGI ’\D (3 J (L)Oi O')LHQOC

o

D% ol 30 3153 200°F © 0°F 33 caopacdmaolE Es]o%coaca)') o3| 0E6 DOV
SO YRR y 2.C ] RPY) [ A S

C C C ﬁ o o C C C C C
cO 000 CDC]@C\?IJ [epln]avlealSl= ’\) (3 J (L)GC\)'JO'):D') @(DODBC 39| 988’2’)8@(}

c
SQOI?OI?GC\)'DO’)ﬂO)@II

(D‘:”Ecczs (shrinkage) oo?@coceoéscwasaodcﬁqoséfs—
(3) 5@: paste oaocaeoaé omo%wo%a%oaése §é:cmcm sgooiucgepg
L L °L
GG @o%a)é (the more porous the hardened paste, the greater
the shrinkage. )i
(J) Paste w%Lsmoosqégngé paste cﬂoéﬁfepsccocm ZIoM [Tt
C C
(elablelab) @oweu
coﬁ@s@ag%mqécﬁ o?qecd]cc:scc]é]occ:gf (total water content) §§eoc@o
o C C (% C C ° C ° .
@seoao 8’29?(5] MO0 e@ommos@e @oc\)ocmo 2o} —c@omcogosgmﬂe (drying
o

shrinkage) @33026 0D Q'J(‘DS]CDE(D G;quszeJ[ Gaelnzéf”sogf: GO’BﬂCDéII

a
c c €.9Q § i
0303@(3103 c;qd]ocg a @cooje 303062 @:e’;sc@ocscoz&qoa@u (Fig. 5)

00



Drying shrinkage, inches per 100 feet

0 | | |
4 5 6 7 8

Sacks of cement per cubic yard
375 400 500 600 700 750

Pounds of cement per cubic yard

Fig. 5 Interrelation of shrinkage, cement content, water-cement ratio, and water
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Table 2 Computation of percentage of each sieve size in mixed aggregate

. Sieve analysis , % % of each sieve size in mixed
Sieve . .
. of each sieve size aggregate
Size
I\(I)cr> Sand Coarse Coarse Sand Coarse Coarse gj:(fg
' Agg. A | Agg. B Agg. A | Agg. B
agg.
)] ) 3) ) (5) (6) @) ®)
0-100 2 0.8 0.8
100-50 10 4.0 4.0
50-30 25 10.0 10.0
30-16 22 8.8 8.8
16-8 22 8.8 8.8
8-4 18 10 7.2 2.0 9.2
434" 1 30 04 6.0 6.4
55 15 11.0 6.0 17.0
3/m_3/n
3/8" A: . 5 80 1.0 32.0 33.0
/"1 5 2.0 2.0
1 %"-3"
Total 100 100 100 40.0 20.0 40.0 100.0
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Table 3 Computation of batch quantities (by weight) for 1-sack batch

(with aggregate moisture content correction)

Coarse agg.

Property Cement | Water | Sand Total
A B

(1 2 G| @ |6 G0

Proportions by weight (Aggregate SSD) 1.00 0.57 | 236 | 1.18 | 2.36

Wt. in 1-sack batch, Ib (Aggregate SSD) | 94.0 | 53.6 |222.0 | 111.0 | 222.0 | 702.6

Total moisture i ., % by wt.
otal moisture in agg., % by w 40 Lo 0.0

(determined by drying with heat)

Ab tion capacity of agg.,% by wt.
SOTPHOT capacily 0T agg. 7o by W 10 | 05 | 05
(determined by test)

Surface moisture in agg., % by wt.
. . . 3.0 0.5 -0.5
(total moisture minus absorbed moisture)

Surface moisture in agg., b
(% x wt. of agg. + 100)

6.7 0.5 -1.1 6.1

Batch weight, Ib 94.0 47.5 12287 | 111.5| 2209 | 702.6
« O X . O
e.g: ANV G. o Ib for surface moisture in sand.
200

JJJo + 89 = jjo.n Ib — batch weight of sand
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Assume 2% air void; s.g. of cement =3.12; s.g. of agg: =2.65; agg:
A /agg: B =1:2 by wt.; specified cement content per cubic yard of concrete = 500
Ib/yd’; water-cement ratio = 0.57

Cement = 900 Ib/yd® of conc.

W/C = 0.7

Weight of water =0.5) X 900 = Jo Ib/yd® of conc.
Volume of water = @Jjjg =g. 969 ft'/yd’ of conc.

Total solid vol. of aggregate /yd’ of conc.
500
0.0)x6 g
= D-Gefo— Jo-o0.9G = JER) ft*/yd’ of conc.
Wt. of water = G589 x & J.g = jo Ib/yd®

= sz—g..g@fz (water) —

( cement ) — SIS (air)
000

Wt. of cement = o0 Ib/yd® (given)

Wt. of aggregate = og.p ) x 89 x 6 g = pogh Ib/yd’
Wt. of aggregate (A) = 0.ppp x pogl = o0fg Ib/yd’

Wt. of aggregate (B) =069 x 00g€ = jop  Ib/yd’

W C Agg(A) Agg. (B) Air  Total

By solid vol. (ft'/yd?) 9,3@? J.@@o 9@-9 9 0.9G R
By weight (Ib/yd®) Jos 00 oo@c; JoR o Q@02
Mix proportion by wt. o.e ol o9 Ge J@ o
Unit weigh = PE° ’
weight of fresh concrete 0G7.g Ib/ft
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Table 4 Computation of yield by solid volume method

Coarse agg:
Property Cement | Water | Sand Total
A B
3.54
Mix proportion by wt. (agg. SSD) 1.00 0.57 | 2.36 7.47
(1:2)

Wt. in 1-sack batch, Ib (agg. SSD) | 94.0 53.6 | 222.0 | 111.0 | 222.0 | 702.6

s.g. (assumed for cement and
3.12 1.00 | 2.65 | 2.60 | 2.70 -
determined by test for agg. )

. weight
Solid vol., ft’ = e 0.48 0.86 | 1.34 | 0.68 | 1.31 | 4.67
$.2.x62.4

Mix proportion by solid volume 1.00 1.79 | 279 | 1.42 | 2.73 | 9.92

JO



Yield = cu. ft. of concrete per sack of cement = 9,@? cu. ft.
Sack of cement per cu. yd. of concrete = J» /6.3 = 90
If air void is 0%, vol. of air = 0.00 x c;a@z = 0.09) ft*/sack
Then, yield = 6.67 + 0.09 = 6.9 | ft'/sack

and Sa(:ks/yd3 =1 / G2J= %2
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Total wt. of materialsin a 1 —sack batch, Ib/sack
Unit wt. of conc., b/t

X il 3
— x—=ft’/sack
&S

sack

Yield (ft3/sack) =

No. of sacks / yd® = J2 /yield

poed (example)
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The weight of materials in a 1-sack batch are:

Cement €S Ib
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SSDsand (| > x gg) Jo9 Ib
J

SSD coarse aggregate (?3 X 8G) —--—-- oJe b
J

Water ( gal. at o Ib/gal.) ------------ 70 Ib

Total 296 Ib

Yield = Vi -7 cu.ft. of concrete per sack of cement
090

Then, the cement content is jp/c.o0 = 9,66 sacks/yd’
[ ft'/yd® x sack/ft’ = sack/yd’ ]
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For any size mixer batch,

. . 3 3
Yield per batch = Total wt. of all materials in batch, lb{ ft Ib ><ft }

Fresh unit wt. of concrete, Ib/ft® | batch - batch  Ib

and cement content in Ib/yd’ is
J2x Weight of cement per batch x unit weight of concrete
Total weight of batch

b f 1 Ib batch
= X X —X
yd®>  yd® batch b

_ JoxWeight of cement per batch
Yield (ft> / batch)
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Table 5 Typical computations of fineness modulus

Percentage Coarser
Sr. Sieve (US) * Mixture, 40% Sand and
Sand | Coarse Agg.
60% Coarse Agg.
1 3in. - 0 0
2 1] in. - 3 2
3.

3 7 . - 49 29

4 > in. 0 77 46

5 #4(in) 4 96 59

6 #8(3%in.) 15 100 66

71 #16 (%in.) 37 100 75

8 | #30 (%in.) 62 100 85

3 .
9 | #50 (5 in) 85 100 94
10 #100(5%in.) 08 100 99
Total 301 725 555
Fineness Modulus 3.01 7.25 55.55
* 0.Go x % of sand plus 0.80 x % of coarse aggregate
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Fig. 7 Range of moisture content in aggregates
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Table 6 Recommended slump for various types of construction

Slump, in

Max. Min.

Type of construction

Reinforced foundation walls and footings
Plain footings, caissons and substructure walls
Beams and reinforced walls

Building columns

Pavement and slabs

N W kA AW W
—_— = e e e

Mass concrete

Table 7 Approximate mixing water and air content requirements for different
slumps and nominal maximum sizes of aggregates (when aggregate is in
SSD condition )*

Slump Water, Ib/yd’ of conc. for indicated nominal max. size of agg.
in. ( Agg. is in SSD condition )
38in. | %in. ¥ in. 1 in. 1 % in. 2in.t 3in. " 6in.”"

1-2 350 335 315 300 375 260 240 210

3-4 385 | 365 | 340 | 325 | 300 285 265 | 230

6-7 410 | 385 | 360 | 340 | 315 300 285

Approximate

amount of

entrapped air,

0,

% 3 2.5 2 1.5 1 0.5 0.3 0.2
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ratio)
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Table 8 Relationship between water-cement ratio and compressive strength of

concrete
Compressive strength Water-cement ratio by weight
at 28 days, psi (Non air-entrained concrete)
6000 0.41
5000 0.48
4000 0.57
3000 0.68
2000 0.82
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Table 9 Maximum permissible water-cement ratios for concrete in severe

exposures

Structure — wet continuously
Type of structure or frequently and exposed to
freezing and thawing

Exposed to sea
water or sulphates

Thin sections and sections with
less than 1 in. cover over steel 0.45 0.40

All other structures 0.50 0.45
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Table 10 Volume of coarse aggregate per unit of volume of concrete

Maximum | Volume of (oven)dry- rodded coarse aggregate per unit volume of
size of concrete for different F.M. of sand
aggregate
in. 2.40 2.60 2.80 3.00
3/8 0.5 0.48 0.46 0.44
¥z 0.59 0.57 0.55 0.53
¥a 0.66 0.64 0.62 0.60
1 0.71 0.69 0.67 0.65
1% 0.75 0.73 0.71 0.69
2 0.78 0.76 0.74 0.72
3 0.82 0.80 0.78 0.76
6 0.87 0.85 0.83 0.81
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Table 11 First estimate of weight of fresh concrete ( Non air-entrained concrete )

Maximum size of aggregate First estimate of concrete weight
in. Iblyd’ Ib/f
V4 3840 142.2
v, 3890 144.1
3, 3960 146.7
1 4010 148.5
1Y% 4070 150.7
) 4120 152.6
3 4160 154.1
6 4230 156.7
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Beode[g Gog Iblyd’

9899 Ib/yd®
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cN_ ¢ c c _C o c 3 [} c ¢ C c c
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9Gg -0

309@3

O:OJ

= 0.08 1b

chm@seJ&§0B690T§G§Gwocq§(free water) = 30.,@3 -

X O»OOS

C co
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- slump | VMO 3902(75 02%0)(;]03 2 yd3 og&ﬂoéeé( effective ) cq = 20997 Je
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Slump B | 06 6 92 PR Beoqs OAHLD cquermed o9 Ib
P ?? D, OPECOGP 2299 <9 $2 99

[gdooDu
B c[0306 cPobeoat dofemd (effective ) eq = jp + 29 =g J Iblyd’
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oyd® 820;)03 Gq’_mo@s(oven-dry)szccozg? % = 20 2070 Ib/yd’
0.009)
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. Aggregate (wet ) Aggregate (SSD) Aggregate ( oven-dry )
I t
ngredients Ib/yd® Ib/yd® Ib/yd®
Water 249 (added ) . 360 (‘added )
342 (effect
(342-93) (effective) (342+18)
Cement 552 552 552
Coarse Agg. 1908 1880 1871
Fine Agg. 1314 1249 1240
Total 4023 4023 4023
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J a° Iy J L
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o%mf)c;@ =G0g Ib/yd®
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C

Free water = 30.@3 - X 0,009 = 0.0Q Ib @0503

c c co o)
GCT)(DDGCDS@% QLI ('Dé’)BCGOTO’)CC]GCD’DGQO ( free water ) 00—
1 a1 L T

0.0 XD.00
90»@0 - 9 @ 2 [ C
Free water = 5.0k = J:00 Ib @o)oaen

009



D G@DE mSmqdeuPodepomt dlotomeq (effective mixing water)
Lo 3 A§ C] Ll C] a @ C] g
= 0.00 + 0.0 + J:o0 = @,@@ b
C C C C 3 C C C cC _¢C C
J come slump 82000 M$mQo 0 yd~ 03¢ cop0Csee500q0peq

g-et
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L
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o
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GO 80
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. Aggregate (wet) Aggregate ( SSD ) Aggregate (oven-dry )
Ingredients 3 3 3
Ib/yd Ib/yd Ib/yd
251 (added ) 343 (effective ) 360 (added )
Water
(343-92) (343+17)
Cement 553 553 553
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Fine Agg. 1278 1214 1206
Total 4016 4016 4016
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CONCRETE MIX DESIGN ( BRITISH METHOD )

sp0:05 (Procedure)
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OJO')?O')(I)'JS:D > O’)C\)OGE 8’29L||_832®'38 | wm?mooosaag GQT)(D'JSQ@LHS
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32028 ‘?9 GC]—O')C\)OGES’QO'JP O, 3 @g IEHC\L)OG@ (72§O’)€]®82020’) (98’2’)09%@(]8

( compressive strength ) 093 Table 12 ¢ gpd]n 06:°G§D(73 Table 12 ¢ q%m’)c;oao

strength sC ¢ —3%@6@@995 s (W/c) 0.9 B .s&E DHBEDD g0 ( point ) B
gth 3¢ <9 1§ =) R5E PR 36 p ?
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coo 0|630d8Eqabaane (target mean strength) sC 83C free w/c ( c —o%mcc)c;[é

JEqeRcqRses targ gth) 8¢ soCdR 9
o o C C C cC C (% (% C C C Ooc¢C
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D mcgs@g)wcu D pnE  0mqdd8ce  ( durability ) c3309/h8200M
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; B OR e L2 2e)o%Rq 3 OCQCAYRS
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Q C . C Q C C o1
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DD coppptiegdodaed ¢qd ( free water ) &3 goeoqd(gddI F2[03esde
A PR 9T 0 PeRWPEOPE 3908
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Le L
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Table 12 Approximate compressive strengths of concretes made with a free

water-cement ratio of 0.5

Type of Compressive strength MPa ( psi ) at the age ( days )
Type of
coarse (cube strength )
cement
aggregate 3 7 28 91
Ord. Portland Uncrushed | 22(3200) | 30(4400) | 42(6100) | 49(7100)
(Type 1)
Sulphate-Resisting Crushed 27(3900) | 36(5200) | 49(7100) | 56(8100)
Portland (Type IV)
Rapid-Hardening Uncrushed | 29 (4200) | 37(5400) | 48(7000) | 54(7800)
Portland (Type III') Crushed | 34(4900) | 43(6200) | 55(8000) | 61(8900)
90
112,000
80
70 = 10,000
fa~]
[al
Z 60 \
=
! \ \ 4 8000
g 50 NERN o
@ B %
2 40\ “N\\ {6000 =
7 NN RN
8 \ | \\
o
§ 30 \\ | 1 4000
|
20 \\\\
| " 2000
10
|
\
0 ‘ 0
03 04 05 06 07 08 09

Free water-cement ratio

Fig. 8 Relation between compressive strength and free water-cement ratio for use
in the British mix selection method
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Table 13 Approximate free water contents required to give various levels of

workability
Aggregate Free water content, kg/m® ( 1b/yd*) for
Slump, mm 0-10mm 10-30 30 - 60 60 - 180
Max. size
mm ( in ) Type Vebe time
(sec) > 12 sec 6-12 3-6 0-3
10 (%) | Uncrushed 150 (255) | 180(305) | 205(345) | 225(380)
Crushed 180 (305) | 205(345) | 230(390) | 250(420)
20 (%) | Uncrushed 135(230) | 160(270) | 180(305) | 195(330)
Crushed 170 (285) | 190(320) | 210(355) | 225(380)
40 (1%) | Uncrushed 115(195) | 140(235) | 160(270) | 175(295)
Crushed 155(260) | 175(295) | 190(320) | 205 (345)
N
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Fig. 9 Estimated wet density for fully compacted concrete
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- 407
40 / 40 L o
- T 607
10 //60’ //80{7]00g
80~ 4 L o
~0 00 =
20
10

02 04 06 0802 04 06 038

Free water-cement ratio

ﬂ’):%é O.)é Il Clég

LL
C
21
o
9]

L

Proportion of fine aggregate, percent

Proportion of fine aggregate, percent

C

G&CSGQTJ(D’J& OE%OG’JODCXS? GQTJ(D’JGOJS

c o0 o ) C S c
CICSO?OO? ﬂ’)bgﬂﬂc GCT)Q)’D@SG’] 8’2%03

Table 14 mo:m&s@%w@g) S’DO?E]@

Maximum aggregate size : 40 mm

Slump : 0 - 10 mm 10 - 30 mm
Vebetime: > 12s 6-12s
70
60
50
L1
40 15:_ ; /
L~ 5
//40/ g //
30 _ L 40
P L6050
20 =580 1007 LT
1o
02 04 06 08 02 04 06 08
Free water-cement ratio
30 - 60 mm 60 - 180 mm
3-6s 0-3s
70
60 /
50 /15/
40 157 | 40//
L~
/40/ / //
30 % ﬁ 807
LT3 [~
20 1007
10

02 04 06 0802 04 06 08

Free water-cement ratio

10 Recommended proportion of fine aggregate (expressed as percentage of

total aggregate) (numbers shown are % age of fine agg. passing 600 pm

sieve)
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Table 14 Proportion of coarse aggregate fractions ( 1988 British Method )

Total Coarse >-10mm 10 - 20 mm 20 - 40 mm
Aggregare Ge = i) G-3im) | Gergin)
100 33 67 )
100 18 27 55

C C C (o cC\N C c _C C C (o} c _C o
30000 o:mqmeeps@sc\ajc é]o:eoesa)oesr-gmc DB3DOCEIOVLEGIIZ)
o L o o JL L
Blcoéqeéu saooogchBd] o:ogeljoc)eqosmé British Method @&cwoc@og

L A L °
. . [e] o C C C O (] C
British material QM @c@oooog@cz B@:D@m wm@lqeeu [93129) 39@33
L L D o
CSERUY VOB FPOID GOTB(S] caieIst O DHYD sooa@j
POPYPEq OfeiqE % 39S Q% q 26918

q@JE?qeé E?QC)(S] Zl)éll

poed (example )

¢ 92m 0 209D |§ DOV 3eq (MiX)dcD cqeaddli
P FPO]YDGPRER [GRROPRR 2Cq| R

) L L

cusa|D

28-day mean strength ( cube ) = GG MPa( @goo psi)
Slump = gomm( | QOO )
ccpmcﬁ 39455”3 30008 = uncrushed
@@ss@scq’gmwacﬁwmz = Jomm ( '\)/c; M )
c;gpm@% a%f)oaéseo (specific gravity) ( SSD ) = Jﬁg

600 pm sieve (703 Es]cf)ogoga)é c;qomcoagqoiz)cc:ﬁ%s = (o%

o%co&c;@saéj[s D08 = ordinary Portland cement
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m¢[qg ( solution )

o C C o O o
8 g:facooc;@?g wmooeeped ( uncrushed ) o, 893?8@[@8 Table 12 ¢

@o%ol?:n 28-day strength cn%:féz:né G J MPa ( €200 psi ) @ocxnén G ) MPa §§

°

=] [ C 0 C N\ ’] C N O C C ’T‘ QO 00 O C C
9258508 CUIVE SC sgmceoo I GC3 VM curve col B 6630 66 MPa

L 10 a a L s Lo L S
(8coo psi) csqoo x-axis sC 39@ EB¢saddlon curve o |§o%c;:1)oc; >® B »
9 p §C] J e |. L ° & L §q L L

C C '] o ’] . . C 0 C C C c O QC \ ']
CDO’J(JQCDO I 8’9&?0 pomt B (JQ y-axis ‘J§(; 3 |_C G3200MO OC)@Q?D C\BCS@;O(’D

o C o o o C
cq-Pdegeag)s 0.0 33 q§dlepdi
32208

Table 13 © oq’)mcﬁ w@se@swacﬁmmg Jo mm ( 303039 ) I uncrushed

agg. ‘J§<§ slump = 90 mm (| OMHe ) OOL) 33:1‘;38@@3 Gq{ﬂoéem BN
C\(:)G’DSCDE: cqED 000 kg/m’® ( 209 Ib/yd®) @&e@oéz cogoq:néu
sgeof;

00

o%co&c@&oéﬁsy) ° =9 kg/m® ( @go Ib/yd®) @&wén
0.GO

Fig.9¢ qu]occ:ﬁ 200 kg/m3 §§: chmc% s.g. (SSD CDGES’)G§ ) J;@g o‘:)o%
so:fns@@s coﬁ@som%mq&cﬁ a%aaés@f:sc% 6ODEEDDI qésm%:ﬁse’) Jgoo
L A L ILL L 1

kg/m’ ( GOOR Ib/yd’® )@o%:néu 0?0?@(3](%8 cqomd]of:eeo

il

JGOo — 9 — 200 =20G9 kg/m3 (poo9 1b/yd3 ) @ac)oaéu

Fig. 10 ¢ cq')mcﬁ @@z@@s@acﬁwmg _Jo mm (3 oo ) I slump so mm

(J ome) | Boo um sieve o%@oc)og’)soaé cepodcs 60 qv§5ﬁ$s§§:
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c;q—o%m&c;@s@éjts ( w/c ) o.go oo?dog :oof?s@[@s eSplualeient cﬁ&oég@@fhscﬁ
oo%ol?dlm q%mém%:ﬁsmé 9% (by wt.) @oc)oaéu o%ioe@oé qumc;oascﬁ cﬂoéﬁ
oojcso%s?o 0.9 | X 200G = 9g0 kg/m’ (ee? Ib/yd® )@oc)@s

cqom@scﬁ é]of:ﬁ o>$:7c§3393

020G — 9O =09 99 kg/m3( Joo Ib/yd®) B@wén

D 9@98 AoEdd 0oL VEIME LD
O B2 O 1725

cq (epod mefgmes SSDmoyd ) 200 kg/m® ( po9) Iblyd*)
Baobelg 009 kg/m® (Bpo Ib/yd’)
cepoo[dfe (SSD mcfgmees ) o j9 kg/m’ ( joo jIb/yd’)
cepoocon: (SSD mefgmees ) e sgo kg/m’ (@@ Ib/yd’)

Total oo Jgoo kg/m’ (.Gogo Ib/yd’)

Q o C C Q C QocC OC A ocC C
Table 14 o s'aogs@[@cs@g c;cpm@so? e300 320)C8 | OCs ?@DS%C(S]:DEII

5 — 20 mm (g/o@ -9 /o VML) — 0,99 X 9 J99= GOG kg/m’ (@@'z Ib/yd®)
00 — Jo mm (9/0 79/9 VM) - o.,@fz X 0 |99 = 0G0 kg/m’® ( 0Go9 Ib/yd®)

c o o O c c C [o c ¢ c c [o C c c
CICSO') 3228CVEND O')(DQJO’J@SC\}JC DEEDOIFIANC  CVMED) BELDO G@J’J(DOG
Lo L't a a Ao I
ce 0o ¢ Q c o0 9 [} PN c
IE”_(.\EO H C\L)SQOZDC\E GQ](S]OC?O? &)()BQ]BoQE@(D(S]ZD@II
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ID3Q M$MDQO RN sacqosaodlssgmscﬂsqw@os
(ACI §ésm§s )

MIX SELECTION FOR NO-SLUMP CONCRETE
(ACI METHOD)

ACIT 211.1 §és|§6 m%mq&cqﬁo&g sgejlgsgmsé]of:oo% casoljcﬁ@cc:sa)

° a L L

.—80 [_80

C ° C (o] C C C C clre
503808 slump o come Qo o;)§ooq®sgo;)m:m@®bs no-slump concrete
3935°|§e DRV moodlsDiudidl 329 csepeLoE BE&;@T@ wdQ$
Lol.EL :?[f)jo ° L”.°§Q]L|°A |. JLL|°|.Lq§
R30I gEsdd & emwc@émm > @BE@@G @8 oaaémc;@TBS:D » ACI
X RN Ge3R.RC 1P [QI9CR e8¢ RPX
C C (o] C C O cC _C O C C
Method o¢ cusconsopy Table 7 o cqas209/mm B[Bcc]§cx3wooa8n Slump
C C o O C (o C C C C Cc O o
P COMO © G ME O GV NSO Table 7 O GO0V D$INRMD
C ’] o O ocCc ¢ C "] g
reference 9>G§@c ol GCsM 200 PICS$8D LGOI co@ascay) workability
° IL L L 1L L 4 IL
Q3O 00DDEICEPOOqED cqoloCemS$ad reference cvdcor® cqlloto
22 92G; PRRCECGPOOGPRY cqLIOCQMPTRG POCORDR CqLIoCE
Cc O oCc C C C C C Cc O
oo§3?3cﬁ qo?c§§gsge§|§g Table 15 oC G@T@ooozw@u No-slump D$DQORD
e} \ ocC C C C C C C C
32@@32@§ Q93 :g[gpg%c:ngu soc\ﬁosgc?g?c;@omeagowag D$MO ( extremely
C

dry )1 @cg%eooag (73%03@]03 ( very stiff ) ?ﬂé: eooaécg%mqoc) ( stiff) U‘?Eéwén

°

[e]

qcc:so% cﬁcq&oée §<C:sc]cpgf:§f?so% 500l Table eocc:c]ogfzd]oaéu 8@ E]cc:c;oaa
Le L I L 1L L L d JiL L °
Workabilit o C OC ocC (.‘o C Oo o [} Co o o C o00C "] C
Y 28300 SCIQAPICESE DD$IREYRMOS GC3EROOC qQscolodpll

I}

oo

No-slump og%mqo%soogo% ACIT 211.1 cﬁsgc%w@@f:ﬁ cocsr-@c:: Table 10
O)((_;, CO00933 C mCm C C C C [ '] C C °ﬁ C C O° o
2 300230 M$MGO DOWHOODRC VIOCDR ccpm@ocl eoleieviopt-tortlen

Table 16 028 eosooozoaéoa%a%s ¢ GE}’)OSg%@QCJG]:DéH 3999?& B@&a 9603q)

I L1 &

~ 2»

M1S00cSs05macnEod ACI 211.1 o JdoCom®d wdcSso5metns s&
L|§ L §° B s 3 E : A @ L §° 10

9 C
OEEOJ&)II

e}
e}
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Table 15 Relative mixing water requirements for concrete with different

workabilities
. Workability Relative Value
Consistency - -
.. Slump Vebe Time Compacting | of Water Content
Description .
(in.) ('second ) Factor * percent

Extremely dry - 32-18 - 78
Very Stiff - 18-10 0.70 83
Stiff 0-1 10-5 0.75 88
Stiff plastic 1-3 5-3 0.85 92
Plastic ( reference ) 3-5 3-0 0.90 100
Flowing 5-7 - 0.95 106

065000mE g§eadd Bo® C°@8°§5 032080 C°ngocc:@ cwbooasaad ( fully-compacted )
° i a C]ﬂ Eo °J ° Lo eo |. L ° o, y p

*

R$Dqd A Dopde[gEs :29)5[y6[qs compacting factor test o @8N

L

Table 16 Factors to be applied to the volume of coarse aggregate calculated on

the basis of Table 10 for mixes of different workabilities

Consistency Factor for Max. Size of Aggregate of

Description Y in Ya in. Y4 in. 1 in. 1 % in.

Extremely dry 1.90 1.70 1.45 1.40 1.30

Very stiff 1.60 1.45 1.30 1.25 1.25

Stiff 1.35 1.30 1.15 1.15 1.20

Stiff plastic 1.08 1.06 1.04 1.06 1.09

Plastic ( reference ) 1.00 1.00 1.00 1.00 1.00

Flowing 0.97 0.98 1.00 1.00 1.00
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MIX SELECTION FOR FLOWING CONCRETE

. c c C c c o 0o c c
Flowmg concrete &COO’)CDCDCDE 32008 eO’)@JO’DSD@L”_ GOTBCDCLS]CDEII
1e s TR o1 S

ASTM C 1017 025: G@TB@DSGQ)D flowing concrete e%a)p:)se’) slump 93 OO

cofe C cC o . (o C O o O C
GQCD(“DQ]E]S G‘DS(DOQCD’J)')OCD@SG]GCD’) ( Coheswe nature ) m§mq®m (selaviovien]||
] i 1 a L L L

c . C (o] C =] (o
G(D’J?(DJGQ’)S@(; ﬂowmg concretecﬁ slump (JQ’D O QMo QEOQO?O') ﬂOW ( (DS%CS%

DO oM ) - > 3 3 ting fact @ 3
plet Jo—Jg come D ewod compacting factor 0.@g8 o 0.go cawom
[o] C . C o] C [ C =]

Q! Flowing concrete PO FCP 329|3T08 QDD @o@eogc 1 000EPEOD

Gq@é ? (.\)O%e slump Q]G 32’)8 BLC\L)(C)@S? SQCXIESG(H?S’)GQTJQWOBO(QECS

(superplasticizer) o 99:)3@ j 8@8@:0’3 slump o GS@D&@ m&@&@g)w ol
perp ? 22918 QI8¢ p R 9 |RC[FeE 2

. C \ C C o C C Q C
Flowing concrete oo c;odgbc@oaocoea S’QGOTQDGQ]O)O’)C\)’)@C., (03) Cjestes

on

o
°

(bleeding) eoeﬁwcmaa%wo@é@&e%ewo%w Cccpms;qogsamssac&f) 03:1333@63
d 4 Ld L ) & L Y
(abnormal segregation) e@o%]u RDD e@&c@q% @m$w983%$c§cmo| Epgc,§
L ° Le° A
GO0l QIESCIN © 3@3@"@3"0% 0s0cdl cqpodcsd JoEoPdoscomd 9% o
IRey q 3QPEOR ©RFDGON Cq ; RRLEPOP J70 0%

o

Q ¢fe c oc C C o QC C o . [o) c
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L a L s L I L

oo

C C c N PN C c . _o0o0go
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o]

c C C C C C Cc C . (9} C C C C C C
0OC POV MSMQOPOMSS: (yield)dommgmepodce JloEscoop °@C°
QPOC RN RPPQOQMRE (YICIA)RDROY RCCqLIoCQe PR3 gCE
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o Co C‘o Co o Cc O C ’] C
DEOROIOPY D CEOPIDIZQH FT200I DRV
. C C . C C C
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b AL °
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Poo M p J2sel ppeoics R Rt s
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e ° 279 y 2
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C o
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c c o o o
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DESIGN OF HIGH-STRENGTH MIXES
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8’2(1)8:?@8(\) H IJ'J%O’J 203D OJ’J@§O’J§O’)Q]®O’)OCODCGO’)’JGOD’J S?QJ|_°SQ®’JS GIQ'JC%\)
IL L
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Fig. 11 Relation between compressive strength and reference number for mixes
containing irregular gravel coarse aggregate, natural sand and ordinary
Portland cement
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Fig. 12 Relation between compressive strength and reference number for mixes
containing crushed granite coarse aggregate, natural sand and ordinary
Portland cement
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Table 17 Workability and slump of concretes with % in. or 1'% in. maximum
size of aggregate

Degree of . . .
. Slump (in ) Use for which concrete is suitable
workability

Extremely low 0 Sections subjected to extremely intensive

vibration

Very low 0-1 Roads vibrated by power-operated machines. At
the more workable end, concrete may be
compacted in certain cases with hand-operated

machines

Low 1-2 Roads vibrated by hand-operated machines.
Mass concrete foundations without vibration or

lightly reinforced sections with vibration

Medium 2-4 At the less workable end, manually compacted
flat slabs. Normal reinforced concrete manually
compacted and heavily reinforced section with

vibrations

Q C

ey C . e O
avje2lél=terp) workability wc@wc§ogc water-cement ratio So208208 820D

3n

o00C

aggregate-cement ratio 0% Table 18 o q¢ .%cd] :Dp:)u

* EL = Extremely low
VL = Very low
as defined in Table 17
L = Low
M = Medium

oPP



Table 18 Aggregate-cement ratio (by weight) required to give four degrees of
workability with different water-cement ratios using ordinary portland

cement

Type and max. size of aggregate | Irregular gravel ( % in. ) | Crushed granite ( % in. )

Degree of workability* EL | VL | L M | EL | VL | L M
( Free ) water-cement ratio (by wt.) Aggregate-cement ratio ( by wt.)
0.3 3.0 - - - 3.3 - - -
0.32 3.8 | 25 - - 40 | 2.6 - -
0.34 45 1 3.0 | 25 - 46 | 32 | 2.6 -

Type and max. size of aggregate | Irregular gravel ( % in. ) | Crushed granite ( % in. )

Degree of workability* EL | VL | L M | EL | VL | L M

( Free ) water-cement ratio (by wt.) Aggregate — cement ratio ( by wt.)
0.36 52 1353025 |52]36|31]26
0.38 - 40 | 34 | 29 - 41 | 35129
0.40 - 44 | 3.8 | 3.2 - 45 | 3.8 | 3.2
0.42 - 49 | 4.1 | 35 - 49 | 42 | 35
0.44 - 53 145 | 38 - 53 |45 | 37
0.46 - - 4.8 | 4.1 - - 4.8 | 4.0
0.48 - - 52 | 44 - - 51 | 42
0.50 - - 55 | 47 - - 54 | 45

ov9
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Table 20 BS and ASTM grading requirements for fine aggregate

Percentage by mass passing sieves

Sieve BS 882:1992 ASTM
Size C 33-
ASTM Overall Coarse Medium Fine 93
BS . . . .
No. grading grading grading grading

100mm 2 in 100 100
50mm i 89-100 95-100
2.36 mm 8 60-100 60-100 65-100 80-100 80-100
1.18 mm 16 30-100 30-90 45-100 70-100 50-85
600 pm 30 15-100 15-54 25-80 55-100 25-60
300 um 50 5-70 5-40 5-48 5-70 10-30
150 um 100 0-15" 2-10

* For crushed stone fine aggregate, the permissible limit is increased to 20 percent
except for heavy duty floors.

Table 21 U.S. Bureau of Reclamation grading requirements for fine aggregate

Sieve Size
BS ASTM No. Individual percentage by mass retained

4.75 mm 4 0-5

2.36 mm 8 5-15  (or) 5-20

1.18 mm 16 10-25 (or) 10-20

600 pm 30 10-30

300 um 50 15-35

150 pm 100 12-20
<150 pm <100 3-7
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Table 22 Grading requirements for coarse aggregate according to BS 882:1992

Percentage by mass passing BS sieves

Sieve size Nominal size of graded aggregate Nominal size of single-sized aggregate

40 to Smm 20 to Smm 14to5Smm 40mm  20mm 14mm 10mm

1’4" to 3/16" %" to3/16" '2"to3/16" 1" " 2 7"

50.0 2 100 - - 100 - - -
375 1% 90-100 100 - 85-100 100 - -
20.0 Ya 35-70 90-100 100 0-25 85-100 100 -
14.0 2 25-55 40-80 90-100 - 0-70 85-100 100
10.0 Vs 10-40 30-60 50-85 0-5 0-25 0-50 85-100
50 3/16 0-5 0-10 0-10 - 0-5 0-10 0-25
236 No.8 - - - - - - 0-5

Table 23 Grading requirements for coarse aggregate according to ASTM C33-93

Percentage by mass passing sieves

Sieve size Nominal size of graded aggregate Nominal size of
g 88reg single-sized aggregate
37.5t0 19.0 to 12.5to
mm i 4.75mm 4.75 mm 4.75 mm 63 mm 37.5 mm
1% in. to ¥ 1n. to Y in. to 2 Y in. 1 %in.
3/16 in. 3/16 in. 3/16 in.

75 3 - - - 100 -
63.0 21 - - - 90-100 -
50.0 2 100 - - 35-70 100
38.1 1% 95-100 - - 0-15 90-100
25.0 1 - 100 - - 20-55
19.0 3, 35-70 90-100 100 0-5 0-15
12.5 A - - 90-100 - -
9.5 s 10-30 20-55 40-70 - 0-5
4.75 3/16 0-5 0-10 0-15 - -
2.36 No. 8 - 0-5 0-5 - -
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Table 24 Grading requirements for all-in aggregate according to BS 882:1992

Percentage by mass passing sieves

Sieve size 40mm (1% in.) 20mm ( % in.) 10mm (%% in.)
nominal size nominal size nominal size

50.0 mm 2in. 100 - -
37.5 mm 1 Y5 in. 95-100 100 -
20.0 mm Y4 in. 45-80 95-100 -
14.0 mm Yo in. - - 100
10.0 mm %&in. - - 95-100
5.0 mm 3/16 in. 25-50 35-55 30-65
2.36 mm No.8 - - 20-50
1.18 mm No.16 - - 15-40
600 um No.30 8-30 10-35 10-30
300 um No.50 - - 5-15
150 um No.100 0-8* 0-8* 0-8*

* Increased to 10 percent for crushed rock fine aggregate
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Table 25 Example of combining aggregates to obtain a type grading

H @ x (3)x  @H5)  Grading

Sieve size Cumulative percentage passing for
pereenfage passing x1 094 259 i of
combined
mm 19.0 to 38.1to aggregate
or or Fine 4.75mm 19.0mm (7)+4.53
pm  No. 2gg (G4to3/16in) (1'% to % in.)
(1 ) 3) €} (5) (6) ) ()]
381 11, 100 100 100 100 94 259 453 100
19.0 3, 100 99 13 100 93 34 227 50
950 34 100 33 8 100 31 21 152 34
475 3/16 99 5 2 99 5 5 109 24
2.36 8 76 0 0 76 0 0 76 17
1.18 16 58 58 58 13
600 30 40 40 40 9
300 50 12 12 12 3
150 100 2 2 2 A
ASTM sieve number or size
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Fig. 19 Grading of the aggregate for the example of Table 25
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