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The Status of Clay Minerals in Aggregates and Their Effect on the Concrete
Performance
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*Corresponding author ABSTRACT
Han, Min-Cheol The Korean Industrial Standard(KS) KS F 2527 (“Aggregates for Concrete”) does not explicitly define
Tel : 82-43-229-8484 criteria for clay mineral content in aggregates. This lack of clear quality standards and testing
E-mail : twhan@cju.ackr methodologies is further compounded by a scarcity of relevant research within both academic and

industrial spheres. Consequently, the construction industry, encompassing both aggregate production
and utilization, often overlooks the management of clay mineral content due to its perceived economic

Received : April 25, 2024 implications. This study addresses this gap by investigating the current state of regulations concerning
Revised :]June 4, 2024 clay mineral content in aggregates, exploring the causes of its occurrence, and evaluating its impact on
Accepted : June 20, 2024 concrete performance. The chemical composition of the clay minerals was determined to primarily

consist of Al,03, Fe;03, and SiO,, which are commonly found in clay. X-ray diffraction(XRD) analysis
revealed that the predominant clay minerals were montmorillonite and illite, both known for their
high absorption capacity. An examination of domestic and international standards for clay mineral
content in aggregates demonstrated that the density and absorption rate specifications outlined in KS
F 2527 (“Aggregates for Concrete”) only offer indirect estimations of clay mineral levels. Furthermore,
the investigation into the influence of clay mineral content on concrete performance suggests that a
higher clay mineral content necessitates a corresponding increase in the unit quantity of aggregates to
maintain adequate workability. This, however, has a detrimental effect on the compressive strength of
the concrete.
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(a) Coarse aggregate containing stone dust (b) Coarse aggregate containing clay minerals

Figure 1. Characterization of aggregates employed in the study

Table 1. XRF analysis results of stone dust and clay minerals

Division Stone dust Clay minerals
1 2 1 2
Na,O 2.9 4.8 0.1 0.7
MgO 1.8 2.1 4.7 4.8
AlLO; 16.36 17.6 22.6 22.7
SiO, 56.8 59.4 48.5 473
P,Os 0.2 0.1 0.2 0.2
XRF KO 5 7.6 52 4.7
(o) Ca0 43 3.8 1.8 1.8
TiO, 0.41 - 1.4 1.5
MnO - - 0.2 0.3
Fe,O5 3.8 4 14.3 15.8
BaO 0.1 - 0.1 0.1
SO; 1.3 0.2 - -
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Figure 2. XRD analysis results for stone dust and clay minerals
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Table 2. KS quality standards are associated with the clay minerals of aggregates|8]

Amount of material

Density in a'b‘solute Percentage of finer than 0.08mm Clay contained in
Aggregates dry condition absorption sieve in acerecate aggregate
(g/em’) %) G %)
(%)
Gravel <1.0
Crushed aggregate 2.50< <3.0 -
Sand <7.0
Gravel <1.0 <0.25
Natural aggregate 2.50< <3.0
Sand <3.0 <1.0
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Table 3. Experimental plans

=4 ERMMHE A FeaAEA =94

ETANE *}35}01 30RPMO.= JJ%J F ZAE FYste] 152 ¢ HH, th2o 2 viRlt & Flste] 152 S &
= sto] 9027t ZRtet thaofl viEsto] ARSIt 2] ¢ 2R ES €I EKS F

|5kt

ol g %’ZH% #%5}5’_ 0.08mmAE Foh= ER-S ZAE Im’ AFA| ARSE= A1 F diH] 0, 1,3, 6,9, 12,
flef

=z
/3742 Table 5 Lt A EQ] #ig-2 £ 2

S KS F 24219 _474 AL AAsHaa, ZF 8 E Q] o271 = KS F 2403¢9] 217

]
=42 A

Factors

Levels

Clay minerals in aggregates(%)

0,1,3,6,9,12,15

Mixture

Slump 180+£25mm
Air content 4.5+1.5%

Fresh concrete

Water content per unit volume of concrete

Slump, Air content

Hardened concrete

Compressive strength(3 days, 7 days, 28 days)

Table 4. Mix design of concrete specimens

Level W/B S/a Unit weight(kg/m®) SP AE
(%) C FA BFS S G Clay (%) (%)
0 920 0 0.016
1 910.8 9.2 0.013
3 882.4 27.6 0.023
Sand 6 48.6 52 258 56 56 864.7 822 553 0.70 0.035
9 837.1 82.9 0.055
12 809.5 110.5 0.090
15 781.9 138.1 0.150
0 822 0 0.015
1 813.8 8.2 0.012
3 797.4 24.6 0.016
agcgizrgs:te 6 48.6 52 258 56 56 920 7728 492 0.70 0.020
9 748.2 73.8 0.024
12 723.6 98.4 0.028
15 699 123 0.031
Table 5. Physical properties of plain concrete aggregate
Factors Coarse aggregate Crushed fine aggregate
Absolute dry density(g/cm’) 2.7 2.6
Water absorption ratio(%) 0.7 1.2
Safety test(%) 4 4
0.08mm sieve passing amount(%o) 0.7 2.9
Distribution of grain shape(%) 58 56
Attrition Rate(%) 21 -
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Figure 3. Slump and unit water content of concrete mixes as Figure 4. Slump and unit water content of concrete mixes as

functions of clay mineral content in coarse aggregates functions of clay mineral content in fine aggregates
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Figure 5. Air content and air-entraining admixture dosage Figure 6. Air content and air-entraining admixture dosage
required for concrete mixes with varying clay mineral content required for concrete mixes with varying clay mineral content
in coarse aggregates in fine aggregates
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concrete mixes as functions of clay mineral content in coarse concrete mixes as functions of clay mineral content in fine
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