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Influences of Grading and Grade Shape in Aggregates on the
Strength and Absorption of Cement Mortar Products
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ABSTRACT

The quality of cement mortar products largely depends on various work conditions,
specially on the grading and grade shape of aggregates. However, the effect of grading and
grade shape on the quality is not considered by both KS codes and production processes,
resulting in the increase of the possibility of quality degradation. The objective of this
study was to investigate the effect of grading and grade shape on the strength and
absorption characteristics of cement mortar products. Flexural and compressive strength
increased with the increase of fineness modulus and W/C. The strength increase was
measured larger with river sand than with crushed sand. Absorption tended to decrease
with the increase of fineness modulus and W/C, but did not affected by the source of
sand.
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Table 1 Experimental plan and mix design

Mix Gradi Unit Unit volume Unit weight
proportion \(Vg/{;()) Aggregate C:l?v:s}.g A(l:;o/)C water (¢/m®) (kg/m°%)
(c:8) (kg/m%) | Cement Sand Cement Sand
1 162 129 630 405 1,619
2 162 128 630 404 1,618
River 3 162 128 630 404 1,616
sand 4 162 128 630 404 1.617
5 161 128 630 404 1.614
6 161 128 631 403 1,612
40 0.15
1 167 133 621 417 1.670
2 167 132 621 417 1,667
Crushed 3 166 132 622 416 1,663
sand 4 167 132 621 416 1,665
5 166 132 622 415 1,660
6 166 131 623 414 1,656
1 178 126 616 397 1,584
2 178 126 616 397 1,583
River 3 178 125 617 394 1.5682
sand 4 178 126 616 397 1,581
5 178 125 617 394 1,580
6 178 125 617 394 1,576
1:4 45 0.15
1 183 130 607 410 1,633
2 183 130 607 410 1,629
Crushed 3 183 129 608 406 1,626
sand 4 183 129 608 406 1,629
5 183 129 608 406 1,622
[§] 182 129 609 406 1.619
1 194 123 603 388 1.551
2 194 123 603 387 1,550
River 3 193 123 604 387 1,548
sand 4 194 123 603 387 1,549
5 193 123 604 387 1,546
) 6 193 123 604 386 1,544
50 0.15
1 200 127 594 399 1,597
2 199 127 594 399 1,595
Crushed 3 199 126 595 398 1,591
sand 4 199 126 594 398 1.593
5 199 126 595 397 1.588
6 198 126 596 396 1,585

* The numbers of grading curves are shown in Fig 1

Table 2 Physical properties of cement

. Setting time Compressive strength
Specific Blaine Soundness (mim.) (kef/em?)
it 2 (%
gravity (om™/g) %) Ini. Fin. 3d 7d 284
3.15 3.564 0.06 241 460 226 303 396
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Table 3 Physical properties of aggregates

Solid volume
Grading Specific Absorption Unit weight percentage
Aggregate curves F.M gravity ratio(%) (kg/m>) of shape
variation(%)
1 2.15 2.572 1.52 1537
2 274 | 2.569 1.58 i 1609
. 3 3.38 2.564 1.73 1645
River sand 56.5
4 3.10 2.567 1.68 1778
5 3.68 2.560 1.75 1818
6 4.20 2.555 1.83 1827
1 2.15 2.691 2.58 1519
2 2.74 2.684 2.65 1592
3 3.38 2.674 2.75 1660
Crushed sand 51.7
4 3.10 2.680 2.67 1733
5 3.68 2.668 2.89 1795
6 4.20 2.658 2.97 1796
Table 4 Physical properties of AE water - reducing agent
. Specific | Recommended 3.1 4z EN
Main .
ingredient Appearance | gravity dosage
(20C) CX (%)
3 = Zza & (o 5 =
Lignin ll?rz\iﬂén 1.02 015 Fig. 2%& W/C% ZHERIE) Wi o
a Ve 9 FFLEE A FHRY YYPoez 7
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3. Algzdn 9 B Jmm EmolslL .
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Table 5 Test results of strength and absorption (Cont.)

Mix . \ . Flexural Compressive .
proportion \?]0//() Aggregate (Jradmf’r strength(kgf/cm?) strength (kgf/cm?) Abso:ptlon
(€:8) 7 curves Tdays 28days Tdays 28days (%)

1 50 55 120 130 11.7
2 58 62 115 128 11.0
River 3 57 60 145 180 9.4
sand 4 60 62 165 175 9.3
5 58 65 185 207 8.2
6 55 66 190 192 7.8
1:4 40
1 42 b4 96 120 10.7
2 39 49 113 130 9.8
Crushed 3 46 59 138 171 9.0
sand 4 49 54 130 173 9.2
5 52 58 157 193 8.7
] s 52 64 | 160 185 8.1
48 232|E53 =25 M1231% 2000.2.



Table 5 Test results of strength and absorption

1 54 60 113 120 11.0
2 54 65 130 143 9.6
River 3 59 65 150 173 8.8
sand 4 61 68 180 190 8.7
5 57 70 189 225 7.8
45 6 58 72 200 205 7.2
1 42 57 116 117 10.5
2 45 50 122 142 9.8
Crushed 3 48 62 150 157 8.9
sand 4 45 57 135 175 9.0
5 51 63 160 200 8.4
6 45 65 154 190 7.5
1:4 1 59 63 130 143 10.4
2 57 63 123 130 9.0
River 3 53 68 165 180 8.7
sand 4 53 65 185 190 8.4
5 57 72 195 220 8.2
6 60 73 190 195 7.5
50
1 46 61 115 147 10.0
2 50 58 119 160 9.3
Crushed 3 49 61 131 180 7.9
sand 4 44 61 140 190 9.1
5 53 63 162 210 8.2
6 50 68 175 195 7.5
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Fig. 2 Effects of fineness modulus on flexural and compressive strength
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Fig. 3 Effects of water cement ratio on flexural and compressive strength
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Fig. 5 Effect of fineness modulus on absorption
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