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COMPACTING FACTOR AND COMPACTABILITY TESTS

Compacting factor and compactability tests

Although there is no generally accepted method of directly measuring
workability, i.e. the amount of work necessary to achieve full compaction,
probably the best test yet available uses the inverse approach: the degree
of compaction achieved by a standard amount of work is determined. The
work applied includes perforce the work done to overcome the surface
friction but this is reduced to a minimum, although probably the actual
friction varies with the workability of the mix.

The degree of compaction, called the compacting factor, is measured by
the density ratio, i.e. the ratio of the density actually achieved in the test
to the density of the same concrete fully compacted.

The test, known as the compacting factor test, was developed in the UK
and is described in BS 1881-103: 1993 and is appropriate for up to 40 mm
(1} in.) maximum aggregate size. The apparatus consists essentially of two
hoppers. each in the shape of a frustum of a cone, and one cylinder, the
three being above one another. The hoppers have hinged doors at the

bottom, as shown in Fig. 5.3. All inside surfaces are polished to reduce
friction.

Fig. 5.3: Compacting factor apparatus
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FRESH CONCRETE

Table 5.1: Workabi;ity. s?mp, and compacting factor of concretes with 19 or
38 mm (5 or 15 in.) maximum size of aggregate

Degree of Shump Compacting  Use for which concrete is
workability factor suitable

mm in.
Very low 0-25 0-1 078 Roads vibrated by

power-operated machines.

At the more workable end of
this group, concrete may be
compacted in certain cases
with hand-operated machines.

0.85 Roads vibrated by
hand-operated machines.
At the more workable end of
this group, concrete may be
manually compacted in roads
using aggregate of rounded or
irregular shape. Mass
concrete foundations without
vibration or lightly reinforced
sections with vibration.

Medium 25-100 2-4 092 At the less workable end of this
group, manually compacted
flat slabs using crushed
aggregates. Normal reinforced
concrete manually compacted
and heavily reinforced
sections with vibration.

High 100-175 4-7 095 For sections with congested
reinforcement. Not normally
suitable for vibration.

Low 25-50 =

9

(Building Research Establishment, Crown copyright)

The order of magnitude of slump for different workabilities is given in
Table 5.1 (see also Table 19.3). It should be remembercd, however, that
with different aggregates the same slump can be recorded for different
workabilities, as indeed the slump bears no unique relation to the work-
ability as defined ecarlier.

Despite these limitations, the slump test is very useful on site as a check
on the day-to-day or hour-to-hour variation in the materials being fed into
the mixer. An increase in slump may mean, for instance, that the moisture
content of aggregate has unexpectedly increased; another cause would be
a change in the grading of the aggregate, such as a deficiency of sand. Too
high or 100 low a slump gives immediate warning and enables the mixer
operator to remedy the situation. This application of the slump test, as well
as its simplicity, is responsible for its widespread use.
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SLUMPF TESI

Upto 125mm (5in.)

True slump
g
5 e e s, i
3 S &
25-50mm (1-2in.) ! i\
k|

Upto 150 mm (6in.)

! 1 150-250 mm
! \ (6-10in.)

Collapse

Fig. 5.2: Slump: true, shear, and collapse

If instead of slumping evenly all round, as in a true slump (Fig. 5.2),
one-half of the cone slides down an inclined plane, a shear stunp is said
to have taken place, and the test should be repeated. If shear slump per-
sists, as may be the case with harsh mixes, this is an indication of lack of
cohesion of the mix.

Mixes of stiff consistence have a zero sfump, so that in the rather dry
range no variation can be detected between mixes of different workability.
There is no problem with rich mixes, their slump being sensitive to variations
in workability. However, in a lean mix with a tendency to harshness, a true
slump can easily change to the shear type, or even to collapse (Fig. 5.2),
and widely different values of slump can be obtained in different samples
from the samc mix: thus, the slump test is unreliable for lean mixes.

Scanned by CamScanner



Scanned by CamScanner




Scanned by CamScanner



VORMAL AGGREGATE

Table 3.8: BS and ASTM grading requirements for fine aggregate

Sieve size pm.” by mess ot i

BS 882: 1992 ASTM

BS ASTM  Overall  Additional limits* T
No. limits
C M F

10 mm in. 100 - - - 100
5 mm Fin.  89-100 - 95-100
2.36 mm 8 60-100 60100  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 pm 50 5-70 5-40 5-48 5-70 10-30
150 pym 100 0-15¢ 3 " . 2-10

* C = coarse; M = medium; F = fine,
+ For crushed rock sands the permissible limit is increased to 20 per cent. except when
used for heavy duty floors.

BS 882: 1992 and ASTM C 33-03 specify the grading limits for fine
aggregate as shown in Table 3.8. The former standard lays down overall
limits and, in addition, specifies that not more than one in ten consecutive
samples shall have a grading outside the limits for any one of the coarse,
medium and fine gradings labelled C, M and F, respectively. However, fine
aggregate not complying with the BS 882: 1983 requirements may be used.
provided that concrete of the required quality can be produced. The ASTM
C 33-03 limits are much narrower than the overall limits of BS 882: 1992,
and the former standard allows reduced percentages passing the sieves
300 gm and 150 um (No. 50 and No. 100 ASTM) when the cement con-
tent is above 297 kg/m® (500 Ib/yd’) or if air entrainment is used with at
least 237 kg/m* (400 Ib/yd’) of cement.

The requirements of BS 882: 1992 for the grading of coarse aggregate
are reproduced in Table 3.9: values are given both for graded aggregate
and for nominal one-size fractions. For comparison, some of the limits of
ASTM C 33-03 are given in Table 3.10. The actual grading requirements
depend to some extent on the shape and surface characteristics of the
particles. For instance, shape, angular particles with rough surfaces should
have a slightly finer grading in order to reduce the possibility of inter-
locking and to compensate for the high friction between the particles.

BS 882: 1992 includes the grading requirements for all-in aggregate (see
page 41); Table 3.11 gives the details.

The European Standard, BS EN 12620: 2002, specifies general grading
requirements for coarse and fine aggregates to replace those of BS 882:
1992. which are shown in Table 3.12.
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NORMAL AGGREGATE

Table 3.8: BS and ASTM grading requirements for fine aggregate

Sieve size Percentage by mass passing sicve

ASTM

BS 882: 1992 C 33-03 \
BS ASTM  Overall Additional limits*
No. limits
C M F

10 mm £ in, 100 o
5 mm =i 89100 , 95-100
2.36 mm 8 60- 100 60-100 65-100 80100 80100
L8 mm 16 30100 3090 45-100 70100 50 85
600 um 30 15100 1554 25-80 55-100  25-60
300 pm S0 5-70 5-40 5-48 5-70 10-30
150 um 100 0-15¢% 2-10

*C = coarse; M = medium; F = fine,

T For crushed rock sands the permissible limit is increased to 20 per cent, except when
used for heavy duty floors,

BS 882: 1992 and ASTM C 33-03 specily the grading limits for fine
aggregate as shown in Table 3.8. The former standard lays down overall
limits and, in addition, specifies that not more than one in ten consecutive
samples shall have a grading outside the limits for any one of the coarse.
medium and fine gradings labelled C, M and F, respectively. However, fine
aggregate not complying with the BS 882: 1983 requirements may be used,
provided that concrete of the required quality can be produced. The ASTM
C 33-03 limits are much narrower than the overall limits of BS 882: 1992.
and the former standard allows reduced percentages passing the sieves
300 gm and 150 gm (No. 50 and No. 100 ASTM) when the cement con-
tent is above 297 kg/m' (500 1b/yd®) or if air entrainment is used with at
least 237 kg/m* (400 Ib/yd’) of cement. :

The requirements of BS 882: 1992 for t_hc grading of coarse aggregate
are reproduced in Table 3.9: values are given both for graded aggregate
and for nominal one-size fractions. For comparison, some of the limits of
ASTM C 33-03 arc given in Table 3.10. The actual grading requirements
depend to some extent on the shape and surface characteristics of the
particles. For instance, shape, angular particles with rough surfaces should
have a slightly finer grading in order to reduce the possibility of inter-
locking and to compensate for the high friction between the particles.

BS 882: 1992 includes the grading requirements for all-in aggregate (see
page 41); Table 3.11 gives the details. _ :

The European Standard, BS EN 12620: 2002, specifies general grading

requirements for coarse and fine aggregates to replace those of BS 882-
1992, which are shown in Table 3.12.
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Table 2.6: BS EN 197-

1: 2000 and ASTM C 150-05 requirements for minimum

Strength of cement (MPa (psi))
e
aiys) BS EN 197-1: 2000 (mortar prism), strength class
PR 325N 325 R 425N 425 R 525 N 62.5 R
2 ~ 10 10 20 20 20
: - (1450) (1450) (2900) (2900) (2900)
16 - - e _ i
(2300) - - e - _
28 32.5* 32.5* 425 42.5** 52.5 62.5
(4700) (4700) (6200) (6200) (7600) (9100)
Age ASTM C 150-05 (mortar cube), cement type (Table 2.7)
(days)
I IA n* I1A* I A v \%
| _ _ _ o 12.0 10.0 = -
E = - N (1740)  (1450) = -
3 12.0 10.0 10.0 8.0 240 19.0 - 8.0
(1740) (1450) (450) (1160) (3480) (2760) - (1160)
7 19.0 16.0 17.0 14.0 - - 7.0 15.0
(2760) (2320) (2470) (2030) - ~ (1020 (2180)
28 28.0" 22.0° 28.0° 22.0° - - 17.0 21,0
(4060) (3190) (4080) (3190) - - (2470)  (3050)

* and not more than 52.5 (7600); ** and not more than 62.5 (9100)
* Strength values depend on specified heat of hydration or chemical limits of tricalcium

silicate and tricalcium aluminate

* Optional
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ULTRASONIC PULSE VELOCITY TEST

10° s
46 1s0 154 158

-1 7000
45+
~ 6000
40 -
§ B — 5000
1
? 301 -
v — 4000
U —te
20 i 3000
E
15 - 2000
®
10
— 1000
s b
0 L ! ) 1 ] 0
43 4.4 4.5 4.6 4.7 48 49

Pulse velocity — km/sec

Fig. 16.12: Relation between compressive strength and ultrasonic pulse velocity
of concrete cubes for concretes of different mix proportions
(From: R. JONES and E. N. GATFIELD, Testing concrete by
an ultrasonic pulse technique, DSIR Road Research Tech. Paper
No. 34 (London, HMSO, 1955.)
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—— LARGE CONc ‘RETE MASSES
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S 10 15 20 25 30 35
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| (20
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£ ' 24 (15)
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§ | £
s : 16(10) $
5 0.4
- = | ’
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s : 8(5)
< 10~ 3(2) 102
pa 0
0 0

. . . . d
Fig. 9.2: Effect of concrete and air temperatures, relative h'un'udntry;):'lﬂnccl0 :é:ctc
‘ velocity on the rate of evaporation of surface moisture It

(Based on: ACI 305.R-99.)
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roportions. For specific mixes, the
been obtained, but

Apgregate/
cement ratio:

Vebe time - sec.
=
T

|
40 60 80 100 120 140
Slump - mm

in

L]

|
Slump - mm

6 | L m | 160
0.6 0.7 0.8 0.9 1.0
Compacting factor
Fig. 5.8: General pattern of relations between workability tests for mixes of
varying aggregate/cement ratios
(From: J. D. DEWAR, Relations between various workability control

tests for ready-mixed concrete, Cement Concr. Assoc. Tech. Report
TRAI375 (London. Feb. 1964).)
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