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Properties of Concrete Incorporating Natural
and Crushed Stone Very Fine Sand

by Ahmed E. Ahmed and Ahmed A. El-Kourd
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EXPERIMENTAL DETAILS

Materials

Cement — Ordinary portland cement (ASTM Type I)
was used.

Natural and crushed stone sands

Natural sand — The natural sand was obtained from
Wadi Laban, a major quarrying area in Riyadh. The
sand had been originally prepared at the crusher plant
by combination of two equal volumes of sand sizes (0.0
to 2.0 mm and 0.0 to 5.0 mm). It was then washed in
the laboratory over a No. 200 sieve to eliminate the
very fine sand (VFS) content, and its gradation was
modified to conform to the middle of the ASTM C 33
limits. When free of VFS, the sand was used for the

Table 1 — Grading of fine aggregates

Natural sand, Crushed stone sand,
Sieve percentage passing percentage passing
size Washed | ASTM C 33 | Washed | ASTM C 33
4.75 mm (#4) 100 95 - 100 100 95 - 100
2.36 mm (#8) 91 80 - 100 88 80 - 100
1.18 mm (#16) 72 50- 85 70 50 - 85
600 pm (#30) 43 25 - 60 41 25 - 60
300 pm (#50) 18 10-30 21 10-30
150 pm (#100) 7 2-10 7 2-15
75 pm (#200) 0 0-5 (4} 0-7

Table 2 — Physical characteristics of aggregates

Fine aggregates
Natural | Crushed stone Coarse

Property sand sand aggregate
Specific surface cm’/gm 62 105.5 —
Specific gravity
(5.5.D.) 2.62 2.50 2.62
Absorption, percent 1.83 1.17 1.90
Unit weight, kg/m’ 1630 1760 1495

1 cm¥/gm = 70.37 in./ib; 1 kg/m’ = 0.062 Ib/ft’.
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preparation of the control mix. Table 1 gives the gra-
dation of the sand and Table 2 shows its physical prop-
erties.

Crushed limestone sand — The crushed limestone
sand was obtained from Wadi Al-Mahdiyah quarries in
Riyadh. To modify its gradation to conform to the
middle of the ASTM C 33 limits, the sand was washed
in the laboratory over a No. 200 sieve, oven-dried and
then separated into two size fractions (0.15 to 5 mm
and 0.075 to 2.00 mm). The two fractions were then re-
combined in the proportions of 55 percent from the
coarser fraction to 45 percent from the finer one to give
a crushed stone sand free from VFS. The grading of the
sand is given in Table 1 and its physical characteristics
are given in Table 2.

Natural and crushed stone VFS — VFS is the frac-
tion of sand passing a No. 200 sieve. The natural VFS
was obtained from natural, oven-dried, unwashed sand
by sieving over a No. 200 sieve.

The crushed limestone VES was obtained by separat-
ing the limestone dust from dry crushed limestone sand
using a vacuum filter from an asphalt mixing plant in
Wadi Al-Mahdiyah. Table 3 shows the chemical com-
position of both types of VFS.

Table 3 -~ Chemical analysis of very fine sand
(VFs)

Weight, percent
Natural Crushed stone
Constituent VFS VFS
CaCo, 61.90 93.40
MgCO, 1.68 2.04
Sio, 31.15 1.10
ALO, 3.20 1.50
Fe,0, 1.30 0.85
Na,0 0.17 0.06
K.0 0.13 0.13




Table 4 — Grading of coarse aggregate

Sieve size Percentage pdssing
19.0mm (% in.) 100
12.5 mm (% in.) 60
9.5 mm (3 in.) 37
4.75 mm (#4) 9

Coarse aggregate — The coarse a regate was
crushed limestone passing the 19.0 mm (3% in.) sieve

and obtained by combination of two size fractions (10
to 19 and 5 to 10 mm) in the ratio of 3:2, giving the de-
sired grading. The aggregate was laboratory-washed
and oven-dried. The physical characteristics of the ag-
gregate are given in Table 2 and the grading of the
coarse aggregates are given in Table 4.

Concrete mixes — Two series of concrete mixtures
were cast using natural and crushed stone sands. Series
A was comprised of mixtures having an average slump
of 100 + 15 mm (4 + 0.5 in.); Series B encompassed
mixtures having a constant water-cement ratio (w/c) of
0.7. Concrete mixtures made using natural sand incor-
porated 3, 5, 7, 10, and 15 percent of natural VFS by
weight of fine aggregate, whereas mixtures made using
crushed stone sand incorporated from 3 to 20 percent
of limestone dust. The VFS was incorporated in the

mixes as a direct replacement of an equivalent weight of
sand. A control mix without VFS was included in each
series, The mix proportions are given in Table 5.

Test specimens

The test specimens cast from each batch of Series A
were 150-mm (6-in.) cubes for compressive strength
testing and 150 x 150 x 500-mm (6 x 6 x 20-in.) prisms
for flexural strength testing. Prisms of 50 x 50 x 285
mm (2 x 2 x 11.5 in.) were also cast for shrinkage mea-
surements. In addition, 150-mm (6-in.) cubes were cast
with steel bars with 12 and 16 mm cross sections (No. 4
and 5) embedded vertically at their centers for bond
strength testing. From each of the 13 batches of Series
B, six 150-mm cubes were cast for compressive strength
testing.

The cast specimens were covered with wet burlap and
left in the casting room for 24 hr. They were then de-
molded and cured continuously in a curing tank con-
taining lime-saturated water at a temperature of 23 +
2 C (73.4 + .6 F) until testing. The drying shrinkage

prisms were water-cured for 3 days and then air-cured
at a temperature of 23 + 2C(73.4 + 3.6 F)and 45 %
3 percent relative humidity.

TEST RESULTS
The physical properties of fresh concrete are sum-

Table 5 — Mix proportions In 1-m cube of concrete

Natural sand concrete Crushed stone sand
Rept concrete
of sand Mixing Fine Mixing Fine
Mix by VFS, water, VFS, aggregate, water, VFS, aggregate,
series percent kg kg kg kg kg kg
A 0 227.5 0 720.0 224.0 0 720.0
3 231.0 216 698.4 224.0 21.6 698.4
5 234.5 36.0 684.0 227.5 36.0 684.0
7 241.5 50.4 669.6 234.5 50.4 669.6
10 259.0 7.0 648.0 234.5 72.0 648.0
15 276.5 108.0 612.0 241.5 108.0 612.Q
20 - — - 259.0 144.0 576.0
B 1] 245.0 ] 720.0 245.0 4] 720.0
3 245.0 21.6 698.4 245.0 21.6 598.4
s 245.0 36.0 684.0 245.0 36.0 684.0
7 245.0 50.4 669.6 245.0 50.4 669.6
10 245.0 72.0 684.6 245.0 72.0 648.0
5 245.0 108.0 612.0 245.0 108.0 612.0
20 — — — 245.0 144.0 576.0

Cement content in ail mlxcu = 350 kg/m® (590 Ib/yd’).

Coarse aggregate content in all mixes = 1070 kg/m’ {1803 lb/yd").

Slump of Series A =

Tkg = 2201b; 1 0 = 1.307 yd*.

100 + 15 mm (4.0 + 0.5 in.),
Total number of mixes = 26.
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Table 6 — Properties of fresh natural and crushed stone sand concretes,

Seorles A
Replacement Properties of fresh concrete
of sand by
VFS, Unit Air Bleeding
Type of percent w/c Slump, weight, content, water,
concrete (by wt.) (by wt.) mm kg/m’ percent percent
Natural 0 0.65 160 2353 1.5 1.91
sand
concrete 3 0.66 110 2346 1.8 1.80
5 0.67 100 2342 1.9 1.90
7 0.69 95 2337 1.6 1.63
10 0.74 100 2332 1.6 1.42
15 0.79 100 2325 1.6 1.01
Crushed 0 0.64 97 2377 1.6 2.86
t
o 3 0.64 105 2351 2.5 2.43
concrete 5 0.65 105 2337 2.8 2.80
7 0.67 105 2326 2.8 2.10
10 0.67 100 2326 2.9 1.80
15 0.69 100 2328 2.4 1.46
20 0.74 105 2330 1.7 0.50

I mm = 0.04 in.; 1 kg/m* = 0.062 Ib/ft.}

Table 7 — Properties of fresh natural and crushed stone sand concretes,

Serles B
Replacement Properties of fresh concrete
of sand by Slump Slump
VFS, Mixing immediately 5 min Unit
Type 04 percent water, after mixing, after mixing, weight,
concrete (by wt.) kg/m’ mm mm kg/m’
Natural 0 245 145 120 2330
sand
concrete 3 245 120 75 2324
5 245 120 75 2326
7 245 90 65 2333
10 245 8s 55 2336
15 245 60 38 2341
Crushed 4 0 245 130 105 2336
t
oo 25 130 105 2323
5 245 115 85 2363
7 245 105 85 2364
10 245 90 70 2334
15 245 60 50 2343
20 245 45 35 2375

1 kg/m® = 0.062 1b/ftY; 1 mm = 0.04 in,

marized in Tables 6 and 7 and illustrated in Fig. 1
through 4. The compressive strengths are summarized
in Table 8 and shown in Fig. § through 7. The flexural
strength, bond strength, and drying shrinkage test re-
sults are shown in Fig. 8 through 11 and Table 9.
DISCUSSION OF RESULTS

Propertles of frech concrete
The influence of the VFS content on the w/c re-

quired to maintain a constant slump is shown in
Fig. 1. It indicated clearly that the mixing water re-
quired increased with increasing VFS content. The w/c
required at 10 percent crushed stone VFS content is the
same as that needed at about 5 percent natural VFS
content. Moreover, the amount of water required for
natural sand mixes was higher than that for crushed
stone sand mixes of similar VFS content. This is mainly
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Fig., 2—Variation of slump (measured immediately af-
ter mixing) with VES contents for concretes with w/c
of 0.70

attributed to the higher absorption and larger surface
area of the natural sand incorporating relatively larger
amounts of clay minerals (Table 4). It is worth men-
tioning that although the limestone dust incorporated in
the crush stone sand has a larger surface area as com-
pared to the natural VFS, the crushed stone sand has an
overall relatively coarser grading.

Fig. 2 shows the variation of slump immediately
measured after mixing with the VFS content in Series B
mixes at a constant w/c of 0.70. A similar linear rela-
tionship appears to exist between both natural and
crushed stone VFS and the slump. Due to the higher
rate of absorption of the natural sand, the slump mea-
sured 5 minutes after mixing, however, showed rela-
tively lower values compared to that of the crushed
stone sand concrete (Fig. 3). The air content of crushed
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Fig. 4—Air contents versus VFS contents in natural and
crushed stone sand concretes at a constant slump of 100
mm (4 in.)

stone sand concrete was higher than that of natural
sand concrete of similar VFS contents (Fig. 4). This is
probably due to the angular and elongated particle
shape of crushed stone sands as compared to the
rounded and spherical natural sand. The air voids be-
gan to decrease with an increase of the natural VFS
content beyond 5 percent and after a 10 percent in-
crease in crushed stone VFS. A beneficial effect of in-
creasing VFS was indicated by the reduction in bleed-
ing (Table 6). Another added advantage was the ob-
served increase in the cohesion of the mix.

Properties of hardened concrete compressive
strength

Table 8 shows that the compressive strength of con-
crete mixes having the same consistency decreased with



Table 8 — Summary of compression strength test results

Natural sand concrete Crushed stone sand concrete
Vi R:x?lszﬁl%mg;t e Compresi;!ogtastrength, e Compresii’o;astrength,
series | VFS, percent | (by wt.) | 7-day | 28-day | 9i-day | (by wt.) | 7-day | 28-day | 9l-day
A 0 0.65 27.6 37.1 42.8 0.64 31.2 38.3 43.2
3 0.66 25.8 35.7 49.9 0.64 28.7 36.9 40.3
5 0.6/ 23.3 333 36.6 0.65 26.2 36.3 39.1
7 0.69 22.0 30.1 35.4 0.67 25.4 34.9 37.2
10 0.74 20.5 21.5 34.5 0.67 26.9 35.5 38.8
15 0.79 18.3 24.0 30.0 0.69 29.5 33.6 39.3
20 — — — — 0.74 28.6 31.2 35.7
B 0 0.70 — 30.0 e 0.70 — 30.3 —
Q.70 — 29.9 - 0.70 — 30.2 —
5 0.70 — 29.8 — 0,70 — 31.8 —
7 0.70 — 30.2 — 0.70 — 32.8 —
10 0.70 —_ 311 e 0.70 — 32.0 —
15 0.70 — 29.7 — 0.70 — 33.0 —
20 — — — — 0.70 — 34.7 —
i MPa = 145 psi.

increasing percentage replacement of VFS. It can be
seen in Fig. 7(a) that for increasing percentages of VFS
replacement, the 28-day compressive strength of con-
stant-slump concrete appears to decrease linearly. The
compressive strength of crushed stone sand concrete at
all ages was higher than that of natural sand concrete
of similar VFS content. This is clearly attributed to the
relatively lower w/c of the former. Fig. 7(a) also indi-
cates that the compressive strength of crushed stone
sand concrete is relatively less sensitive to variation in
the VFS content as compared to that of natural sand
concrete.

Fig. 7(b) shows that replacement of sand by VFS in
natural sand concrete mixes having the same w/c did
not affect their compressive strengths. In the case of
crushed stone sand concrete, however, the strength
showed a slight increase with increasing VES content.
Similar results have been reported by Malhotra and
Carette,® who attributed the increase in the compressive
strength of concrete incorporating limestone dust to the
filler effect of the dust and the formation of carboalu-
minates.

Flexural strength

The variation of the 28-day flexural strength with the
percentage replacement of VFS is illustrated in Fig. 8.
It can be seen from the figure that the relationships be-
tween the VFS content and the 28-day flexural strength
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of Series A concretes are decrease linearly similarly to
those observed for the compressive strength of the cor-
responding concretes.

Bond stress

Results of pullout tests on two bar sizes—16 and 12
mm cross sections (No. 4 and 5)—are shown in Fig. 9.

The general trend seen in Fig. 9 is that the bond
stress of crushed stone sand concrete is higher than that
of natural sand concretes having the same slump.
Moreover, the bond stress is seen to be decreasing with
increasing replacement of the VFS, with the crushed
stone sand concrete being less sensitive to VFS content.
This is due mainly to the relatively higher tensile
strength of the crushed stone sand concrete and to the
influence of the angular particle shape of the crushed
stone sand. The 3 percent replacement is seen to be the
optimum percentage that gave the highest bond stress in
both natural and crushed stone sand concretes for the
two bar sizes. This is unexplainable. Furthermore, in up
to 20 percent replacement of crushed stone sand con-
crete, no noticeable decrease in the bond stress oc-
curred. In natural sand concrete, however, a rapid de-
crease in the bond stress is clearly indicated beyond §
percent replacement.

Drying shrinkage
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The drying shrinkage strains and water losses were
monitored for a period of 330 days after an initial cur-
ing of 3 days in water. The results are shown in Fig. 10
and 11. In general, the drying shrinkage strains were
found to increase with increasing replacement of VFS.
Although the mixing water required for natural sand
concrete was higher than that required for crushed
stone sand concrete to attain the target slump, the
drying shrinkage was almost the same at the identical
percentage replacement of VFS. Moreover, the water
loss was slightly higher in natural sand concrete. The
increased shrinkage of the crushed limestone sand con-
crete may be due to the formation of carboaluminates®
or to relatively higher carbonation shrinkage that added
to the drying shrinkage.'
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contents for concretes at a constant w/c of 0.7

CONCLUSIONS

L. For concretes incorporating VFS as a replacement
for fine aggregate, the increase in the water demand to
attain a target slump of 100 mm (4 in.) was 6.2 percent
at 7 percent natural VFS replacement and 7.8 percent at
15 percent limestone dust replacement. At 15 percent
replacement, the increase in water demand for natural
VFS was 21.5 percent versus 7.8 percent for limestone
dust.

2. For concretes tested at a constant w/c of 0.70, the
slump decreased linearly with increasing percentage of
VFS replacement. The slump measured immediately
after mixing was the same for both crushed stone nat-
ural sand concretes; however, natural sand concrete
showed lower values of slump when measured 5 min
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Table 9 — Summary of shrinkage test resulis

Shrinkage measurement
Natural sand concrete Crushed stone sand
concrete
Replacement Period Drying Drying

of sand by | of drying, | shrinkage, | Moisture | shrinkage, | Moisture
VFS, percent days percent joss, gm percent loss, gm

0 330 0.052 98.9 0.051 82.9

3 330 0.054 98.7 0.052 95.3

5 330 0.057 105.3 0.054 97.6

7 330 0.061 104.8 0.061 94.9

10 330 0.065 109.9 0.063 95.8

15 330 0.074 117.0 0.065 91.2

20 330 — —_ 0.068 100.5

1 gm = 0.0022 Ib.

after mixing.

3. The nonentrained air content in crushed stone
sand concrete was higher than that in natural sand con-
crete of the same slump, with optimum values at 10 and
5 percent replacement levels, respectively.

4. The compressive strength of concretes having con-
stant slump decreased linearly with increasing percent-
age of VFS replacement. At 5 percent replacement, the
strength of natural sand concrete was about 10 percent
lower than that of the control mix, whereas similar
strength loss was observed in crushed stone sand con-
cretes at 12 percent replacement level. A similar trend
was observed for the flexural strength.

5. The increase in percentage of VFS replacement did
not much affect the ultimate bond stress of crushed
stone sand concrete. The effect of increasing VFS re-
placement was much more pronounced in natural sand
concrete, particularly beyond 5 percent replacement.

6. Drying shrinkage strains of natural and crushed
stone sand concretes of constant slump increased with
increasing VFS replacement. No difference was ob-
served between shrinkage values of both concretes at a



constant replacement.

7. The limited test results of the study indicated that
material finer than 75 pm may be limited to a maxi-
mum of 5 and 10 percent, respectively, in Riyadh nat-
ural and crushed stone sands used in concrete. When
workability of concrete is improved by water reducers,

increasing of these limits to 7 and 15 percent, respec-
tively, may not significantly affect the air content,
compressive strength, and bond stress of concrete and
therefore may be acceptable.
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