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Fundamental Characteristics of Concrete According to Fineness
Modulus and Replacement Ratio of Crushed Sand
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The paper evaluates the effect of the physical property, fineness modulus (FM) and replacement ratio of crushed sand on the
characteristics of concrete. This is intended to use crushed sand from Daegu-Kyungbuk region as the fine aggregate of concrete. The
experimental result indicates that the replacement ratio of crushed sand needs to be less than 50% to satisfy the mixed gradation of
both natural and crushed sand when their FMs are 2.0 and 3.2, respectively. The slump of concrete with crushed sand increased as the
replacement ratio of crushed sand increased, while the workability of concrete with the replacement ratio of more than 75% was
significantly reduced. The air content and bleeding rate of concrete was reduced as the replacement ratio increased. Furthermore, due
to the enhancement of the concrete adhesive regardless of the FM of crushed sand, compressive strength of concrete tended to
improve as the replacement ratio increased.
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Table 1. Chemical composition and physical properties of cement

Fineness | Density | Ig.loss Chemical composition (wt,%) Table 32 A=l
(emg) | (gem’) | (%) | SiO, | ALO; | FexO5 | CaO | MgO EH|(W/C) 50%, &2
3,304 3.15 09 |[22.86| 554 | 338 |64.09| 2.68 x|&=20]| w2 ZX|

Table 2. Physical

properties of aggregate

Solid volume

P Fineness | Density | Absorption Unit Yolume Amount of Ratio of absolute| percentage for Organic Soundness
Classification modulus | (g/em’) | ratio (%) weight finer than 0.08 volume (%) |shape determination| impurities (%)
E (kg/m’) mm sieve (%) o . %) . o
)
KS Standard 2331 2.5 or | Not more Not more than 53% or more Standard color | Not more
value - more | than 3% 7% ° comparison | than 10%
Natural sand 1= 51 559 1.09 1,608 1.7 62.1 59.5 Tenderness 3.7
(NS)
CS-A 3.23 2.64 1.30 1,730 33 65.5 56.4 Tenderness 3.7
CS-B 3.52 2.64 1.33 1,691 4.1 64.0 54.5 Tenderness 3.6
Cs-C 3.71 2.59 1.31 1,610 3.1 62.2 572 Tenderness 39
Crushed | CS-D 3.64 2.62 1.43 1,659 44 63.3 523 Tenderness 3.7
sand CS-E 3.62 2.65 1.32 1,692 3.7 63.8 55.0 Tenderness 34
CS-F 3.55 2.64 1.35 1,688 32 63.9 58.0 Tenderness 3.6
CS-G 3.26 2.57 1.32 1,620 4.5 63.0 57.8 Tenderness 3.8
Average| 3.50 2.62 1.34 1,670 3.76 63.7 55.9 - 3.7
Sta7IMeBIXIISs| =27 2016 92 245
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Mixing conditions

Grax | W/IC | S/a |Replacement ratio of Testing item
(mm) | (%) | (%) CS (NSx%)
0 - Fresh concrete
25 - Slump
- Air content
25 50 | 48 50 . Bleeding
75 - Hardened concrete
100 - Compressive strength
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Table 4. Shape of crushed sand

Shape factor

Calculated equation Remark

Spherical rate
Slenderness rate
Cubical rate
Flattening rate

_3 . 2
o ="Vocla a: Major axis

e=afc b: Medium axis
s=a/b ¢: Minor axis
J[=ab/c '
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Fig. 1. Grading curve of the aggregate

Sieve size (mm)

(@) 25% crushed sand mixing
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(b) 50% crushed sand mixing
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(c) 75% crushed sand mixing

Fig. 2. Grading curve of the mixing aggregate
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Table 5. Shape of crushed sand

Classifi- | Spherical | Slenderness | Cubical | Flattening

cation rate rate rate rate ¢/b | Shape
CS-A 0.72 1.92 1.41 11.14 | 0.73 |Circular
CS-B 0.71 2.09 1.32 13.13 | 0.63 | Disk
CS-C 0.76 1.72 1.31 10.09 | 0.76 | Circular
CS-D 0.67 2.39 1.39 1554 | 0.58 | Disk
CS-E 0.81 1.57 1.17 9.17 0.75 | Circular
CS-F 0.76 1.82 1.24 10.89 | 0.68 | Circular
CS-G 0.78 1.67 1.25 10.02 | 0.75 |Circular
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Table 6. Properties of concrete according to crushed sand
replacement ratio

Repl: Fresh concrete Compressive
Classifi-| P acement strength
. ratio of CS -
cation (NSx%) Slump | Air Slump 28days
(mm) (%) shape (MPa)
NS 0 155 44 Good 32.0
25 180 4.2 Good 36.7
50 180 2.9 Good 38.1
CS-A
75 200 2.7 | Breakdown 39.6
100 200 2.5 |Breakdown 38.3
25 170 4.0 Good 36.4
50 175 3.0 Good 37.7
CS-B
75 195 2.9 | Breakdown 39.4
100 165 2.6 | Breakdown 38.9
25 175 43 Good 36.5
50 180 3.9 Good 37.8
CS-C
75 200 2.4 | Breakdown 39.5
100 185 2.2 | Breakdown 39.1
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Fig. 6. Bleeding rate according to crushed sand replacement ratio
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