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APIRUK MARTNOK : A STUDY OF EFFECT OF MOISTURE STATES
AND ABSORPTION OF NATURAL AGGREGATES AND RECYCLED
COARSE AGGREGATES ON SLUMP AND COMPRESSIVE STRENGTH
OF CONCRETE. ADVISOR : PROF. SUKSUN HORPIBULSUK, Ph.D.,
P.E.

The research studies, the effect of moisture states and absorption of natural
and recycled coarse aggregates on slump and compressive strength of concrete. Effect
of two moisture states of both aggregates, air-dried state and saturated surface dry
state, were investigated. Recycled coarse aggregate was used to replace crashed
limestone at 25 and 100 percent by volume. Slump loss of fresh concrete with two
types of aggregate was determined. The compressive strength, ultrasonic pulse
velocity, and modulus of elasticity of hardened concrete were also determined. The
results reveals that concrete samples using coarse aggregates in air- dried state,
especially recycled coarse aggregates, have higher initial slump and faster slump loss
in the first- hour than those in saturated surface dry state. The coarse aggregates in
saturated surface dry state give higher compressive strength than those. The moisture
states of aggregate do not affect the ultrasonic pulse velocity of concrete but the
replacement of crushed-limestone by recycled aggregate reduces the ultrasonic pulse
velocity. The cracks on cement paste of the recycled coarse aggregate increases the
distance for wave travel passing through concrete. The modulus of elasticity of
concrete was not directly depended on the moisture states of recycled coarse

aggregate but depended on the strength of concrete
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Mix Proportion (kg/m3)
Slump
Mix Recycled | Effective | W/C
Cement Sand | Limestone (mm)
Concrete water

AC 250 845 1,180 - 212.5 0.85 80

AR25 250 845 885 263.1 212.5 0.85 100

AR100 250 845 - 1,052.3 212.5 0.85 135

SSC 250 854.4 1,190 - 212.5 0.85 80
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Mix Proportion (kg/m3)
Slump
Mix Recycled | Effective | W/C
Cement Sand | Limestone (mm)
Concrete water

SSR25 250 854.4 895.5 275.6 212.5 0.85 60
SSR100 250 854.4 - 1,102.5 212.5 0.85 80
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Recycled
Properties River sand Lime Stone

Aggregate
Fineness Modulus 2.01 7.05 6.40
Bulk Specific gravity(SSD) 2.67 2.74 2.70
Water Absorption (%) 1.11 0.85 4.77
Dry-Rodded Weight (kg/m’) 1,643 1,542 1,432
Void (%) 36.57 42.47 40.09
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Modulus of Elasticity at 28 days
Sample £’ (kg /em?) Compared with ACI
(ksc) 318 (%)
This Research ACI 318

AC 159 219186 190403 15.1
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AR100 177 231185 200892 15.1
SSC 205 247160 216199 14.3
SSR25 246 265978 236834 12.3
SSR100 235 264512 231478 14.3
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Materials Identification Sample 1 | Sample2 | Sample3 | Average
Weight of Sand in Oven-Dry , A (g) 493.75 494.23 495.62
Weight of Flask + Water, B (g) 668.60 669.10 669.10
Weight of Flask+Water+Sand , C (g) 978.40 977.70 978.00
Weight of Sand in SSD , S (g) 500.00 500.00 500.00
Bulk Specific Gravity (Oven-Dry) : A/(B+S-C) 2.60 2.58 2.59 2.59
Bulk Specific Gravity (SSD) : S/(B+S-C) 2.63 261 2.62 2.62
Apparent Specific Gravity : A/(A+B-C) 2.68 2.66 265 2.66
Absorption : (S-A)/A x 100 (%) 1.27 1.17 0.88 1.10
= ' ! o =< 3’ a a
ATNN N2 MANUDTNIUWIZUAZNTYAFNUIVINUTITUEIN
Materials Identification Sample | Sample | Sample | Sample | Sample | Averag
1 2 3 4 5 e
Weight of Limestone in Oven-Dry
1,979.47 | 1,994.87 | 1,983.82 | 1,980.60 | 1,979.46
. A (kg)
Weight of Limestone in SSD ,'B
2,000.90 | 2,000.20 | 2,000.50 | 2,000.60 | 2,000.30
(kg)
Weight of Limestone in Water , C
1,256.70 | 1,264.10 | 1,259.30 | 1,257.80 | 1,258.50
(kg)
Bulk Specific Gravity (Oven-Dry)
2.66 2.71 2.68 2.67 2.67 2.68
:A/(B-C)
Bulk Specific Gravity (SSD)
2.69 2.72 2.70 2.69 2.70 2.70
B/(B -C)
Apparent  Specific  Gravity
2.74 2.73 2.74 2.74 2.75 2.74
A/(A+B-C)
Absorption : (B-A)/A x 100 (%) 1.08 0.27 0.84 1.01 1.05 0.85
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Sample | Sample | Sample | Sample | Sample | Averag
Materials Identification
1 2 3 4 5 e
Weight of Limestone in Oven-Dry
1,910.90 | 1,904.65 | 1,908.64 | 1,911.55 | 1,911.55
. A (kg)
Weight of Limestone in SSD , B
2,000.00 | 2,000.10 | 2,000.80 | 2,000.7 2,000.7
(kg)
Weight of Limestone in Water , C
1,208.50 | 1,199.40 | 1,199.90 1,200.3 1,200.3
(kg)
Bulk Specific Gravity (Oven-Dry)
241 2.38 2.38 2.39 2.39 2.39
:A/(B-C)
Bulk Specific Gravity (SSD) :
2.53 2.50 2.50 2.50 2.50 2.50
B/(B -C)
Apparent  Specific  Gravity
2.72 2.70 2.69 2.69 2.69 2.70
A/(A+B-C)
Absorption : (B-A)/A x 100 (%) 4.66 5.01 4.82 4.66 4.66 4.76
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Sieve
Fine Cumulative
Sieve Sieve and Percent Percent
Sieve Agg. Percent
Opening | Weight Fine Retined Passing
No. Retained Retained
(mm.) (€] Agg. (%) (%)
(%) (%)
(®
3/8” 9.5 0 0 0 0 0 0
#4 4.75 441.63 466.34 24.71 2471 2471 97.529
#8 2.36 408.18 451.86 43.68 4.367 6.838 95.633
#16 1.18 331.39 413.60 82.21 8.220 15.058 91.780
#30 0.60 310.38 460.66 150.28 15.026 30.084 84.974
#50 0.30 282.6 567.22 284.62 28.458 58.542 71.542
#100 0.15 258.98 563.24 304.26 30.422 88.964 69.578
pan - 34396 45433 110.37 11.036 100.000 88.964
Sum 1000.13 201.96
Fineness Modulus = 2.019
MINN .5 MINTZNLHIVRINIAIINN TANNTHUTITHINA
Sieve
Line Cumulative
Sieve Sieve and Percent Percent
Sieve Stone Percent
Opening | Weight Fine Retined Passing
No. Retained Retained
(mm.) (@ Agg. (%) (%)
(g (%)
(@
3/4” 19.00 624.66 624.66 0 0.000 0.000 100.000
3/8” 9.50 683.07 951.51 268.44 13.729 13.729 86.271
#4 4.75 718.93 2269.98 1551.05 79.326 93.055 6.945
#8 2.36 - - - - - -
pan - 438.36 438.36 470 31.64 6.328 -
Sum 1955.3
Fineness Modulus = 6.45
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Sieve
Line Cumulative
Sieve Sieve and Percent Percent
Sieve Stone Percent
Opening | Weight Fine Retined Passing
No. Retained Retained
(mm.) (g Agg. (%) (%)
(e (%)
(®
3/4” 19.00 785 785 0.000 0.000 100.000
3/8” 9.50 715 1785 1070 53.500 53.500 46.500
#4 4.75 755 1600 845 42.250 95.750 4.250
#8 2.36 685 750 65 3.250 99.000 1.000
pan - 385 405 20 4.000 -
Sum 2000
Fineness Modulus = 6.49

1 Y H Y
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Materials Identification Sample 1 Sample 2 Average

Weight of Measuring Cylinder (kg) 7.675 7.675
Volume of Measuring Cylindet{m’) 0.0015707 | 0.0015707
Weight of Measuring Cylinder + Sand (kg) 10.255 10.250
Weight of Sand (kg) 2.58 2.575
Unit Weight of Sand , M (kg/m3) 1642.57 1639.39 1640.98
Water Absorption , A (%) 2.67 2.67
Bulkspecific Gravity (Oven-Dry) , s 2.59 2.59
Unit Weight in SSd condition : M[1+(A/100)] ,

, 1686.42 1683.16 1684.79
kg/m
Void Content : 100[(Sx W) -M]/(Sx W), (%) 36.58 36.70 36.64
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Materials Identification Sample 1 Sample 2 Average

Weight of Measuring Cylinder (kg) 9.685 9.685
Volume of Measuring Cylinder (m’) 0.013744 0.013744
Weight of Measuring Cylinder + Sand (kg) 30.875 30.880
Weight of Sand (kg) 21.19 21.195
Unit Weight of Sand , M (kg/m3) 1541.76 1542.12 1541.94
Water Absorption , A (%) 0.85 0.85
Bulkspecific Gravity (Oven-Dry) , s 2.86 2.86
Unit Weight in SSd condition : M[1+(A/100)] ,

R 1554.86 1555.22 1555.04
kg/m
Void Content : 100[(Sx W) -M]/(Sx W), (%) 42.47 42.45 42.46
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v Y v
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Materials Identification Sample 1 Sample 2 Average
Weight of Measuring Cylinder (kg) 9.685 9.685
Volume of Measuring Cylinder (m3) 0.013744 0.013744
Weight of Measuring Cylinder + Sand (kg) 29.325 29.40
Weight of Sand (kg) 19.64 19.715
Unit Weight of Sand , M (kg/m3) 1428.98 1434.44 1431.71
Water Absorption , A (%) 477 477
Bulkspecific Gravity (Oven-Dry) , s 2.39 2.39
Unit Weight in SSd condition : M[1+(A/100)] ,
kg/m3 1497.14 1615.67 1615.48
Void Content : 100[(Sx W) -M]/(SxW), (%) 40.21 39.98 40.09
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Materials Identification Sample 1 Sample 2 Sample 3
Total Weight of Aggregate (g) 5000 5000 5000
Weight of Agg. Retain No.12 (g) 770 705 745
Weight of Agg. passing No.12 (g) 4230 4295 4255
Abraion Loss (%) 15.4 14.1 14.9
Average Abraion Loss (%) 14.8

AN .11 ﬂ’JTJJ@g]j”IuVHHf‘lﬁﬁﬂﬂil@u‘llﬂﬂll’miﬂhﬁﬂWUﬁqﬁQWﬂﬂiﬁé@ﬂlﬂEﬂﬂuﬂéﬁ

Materials Identification Sample 1 Sample 2 Sample 3
Total Weight of Aggregate (g) 5000 5000 5000
Weight of Agg. Retain No.12 (g) 1320 1225 1250
Weight of Agg. passing No.12 (g) 3680 3775 3750
Abraion Loss (%) 26.40 24.50 25.00
Average Abraion Loss (%) 253
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Mix No. 1 AC Stlump 80 (mm.)
Age | Sample| Width | Height| Length | Weight Density Load | Comp.Strength UPV
Vi (days)] No. | (em.) | (em.) | (em) | (kg.) (kg/m3) (kN) (ksc.) (m/s)

1 51.08 | 1515 15.19 | 820 | 697.15 73.20 9.62
2 15.06 | 1540 | 1537 | 820 |2,298.95 7290 | 32.10

1 3 1526 | 15.13 | 15.09 | 8.16 |2,340.68]2,017.77] 69.20 | 30.63 | 28.76
4 15.09 | 15.06| 15.09 | 822 |2,397.00 83.80 | 37.51
5 15.08 | 1523 | 15.04 | 8.14 |2,355.10 75.50 | 33.93
1 15.13 1 15.08 | 15.12 | 8.17 }2,366.81 194.40 | 86.62 3916
2 15.13 ] 15.18| 15.10 | 8.17 |2,354.34 191.60 | 85.49 3,788

3 3 15.18 | 15.18 | 15.11 | 820 |2,355.08]2,356.91| 172.40| 76.62 | 82.04 | 3,780 |[3,863.20
4 15.12 ] 15.15| 15.05 | 8.10 }2,349.55 182.30 | 81.66 3916
5 15.11 ] 15.04| 15.12 | 811 |2,358.79 17890 | 79.82 3916
1 1511 ] 15.11 | 15.14 | 8.11 |2,346.21 253.10 | 112.78 4,167
2 15.11 ] 15.03 | 15.16 | 8.11 |2,354.13 4,155

% 7 3 15.14 1 15.13 | 15.16 | 8.18 |2,354.09|2,346.44}| 249.10 | 110.63 | 116.69| 4,135 |4,137.33

4 15.14 | 1513} 15.12 | 8.10 |2,337.22 28440 | 126.64 4,110
5 1523 1 15.19| 1519 | -8.23 ] 2,340.56 4,110
1 15.11 ] 15.10| 15.14 | 8.07 |2,336.18 318.60 | 141.97 4,100
2 15.15 ] 15.10| 1527 | 8.17 |2,337.37 309.70 | 136.46 4,155

14 3 15.06 | 15.15] 1524 | 8.11 |2,332.37]2,341.14| 295.80 | 131.38 | 138.06| 4,155 |4,146.60
4 15.02 ] 15.11| 15.16 | 8.05 |2,338.26 319.20 | 142.90 4,098
5 1513 ] 15.11| 15.17 | 8.19 |2,361.54 309.80 | 137.59 4,225
1 15.00 | 15.00 | 15.00 | 8.16 |2,416.30 353.60 | 160.20 4,210
2 15.07 1 15.00 | 1497 | 8.16 |2,411.37 367.30 | 165.97 4,213

28 3 15.07 | 15.00 | 15.00 | 8.16 |2,405.07]2,405.50] 349.00 | 157.38 | 159.38| 4,237 [4,241.60
4 15.07 ] 15.00 | 1490 | 8.05 |2,390.04 342.10 | 155.30 4,274
5 15.10 | 15.00 | 15.00 | 8.17 |2,404.71 351.20 | 158.06 4,274
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Mix No. 2 AR25 Slump 100 (mm.)
Age | Sample| Width | Height| Length | Weight Density Load | Comp.Strength UPV
M (days)] No. | (ecm) | (em) | (em) | (kg.) (kg/m3) (kN) (ksc.) (m/s)
1 15.08 | 1521 | 15.06 | 8.01 |2,318.87 154.80 | 69.48
2 15.07 | 1524 1522 | 8.14 |2,328.69 148.00 | 65.78
1 3 15.13 ] 14.82| 15.05 | 8.08 |2,394.35]12,329.59] 147.00 | 65.81 | 66.63
4 1538 ] 15.16| 15.19 | 8.03 |2,267.26 155.00 | 67.63
5 15.14 ] 15.14| 15.10 | 8.10 |2,338.77 144.60 | 64.48
1 15.13 ] 15.00| 15.12 | 8.13 |2,369.24 250.50 | 111.62 3,866
2 15.08 | 1544 | 15.09 | 8.17 |2,325.33 266.10 | 119.20 3,886
3 3 15.02 1 15.08| 15.13 | 8.10 | 2,362.15]2,364.32] 268.60 | 120.48 | 119.54| 3,836 |[3,878.00
4 15.13 ] 15.05| 15.16 | 8.12 |2,350.79 298.50 | 132.66 3,906
5 15.15 ] 15.05| 15.17 | 835 |2,414.08 256.40 | 113.72 3,896
1 15.10 | 15.15] 15.14 | 8.04 |2,31991 325.00 | 14491 4,261
2 1515 15.11] 15.16 | 8.04 |2,315.31 330.20 | 146.55 4,155
wn
% 7 3 15.11 ] 15.06 | 15.08 | 8.04 |2,341.51]2,325.34| 337.30 | 15090 | 143.21| 4,261 [4,239.80
4 1523 | 15.17 | 15.06 | 8.10 |2,327.95 282.20 | 125.42 4,261
5 15.09 | 15.04| 15.19 | 8.01 |2,322.02 333.40 | 148.27 4,261
1 15.06 | 15.09 | 15.14:} 798 |2,319:33 399.50 | 178.61 4,399
2 1515 ] 15.14] 1505 | 798 |2,311.68 413.70 | 184.96 4,335
14 3 15.18 | 15.13 | 15.15 | 8.01 |2,300.58]2,317.62| 393.90 | 174.60 | 176.28| 4,274 [4,334.80
4 1520 ] 15.14] 1529 | 8.15 |2,314.80 394.60 | 173.08 4,267
5 15.04 1 15.05| 15.14 | 8.03 |2,341.72 380.10 | 170.16 4,399
1 15.00 | 15.00| 15.00 | 8.16 |2,416.30 429.10 | 194.40 4,386
2 15241 15.10| 15.00 | 8.16 |2,363.94 406.40 | 181.22 4,323
28 3 1493 1 15.00 | 15.00 | 8.16 |2,427.63]|2,405.97| 42490 | 193.40 | 188.83| 4,386 [4,354.50
4 1490 | 15.00| 15.00 | 8.05 |2,401.19 411.70 | 187.77 4,323
5 15.00 | 15.07 | 1493 | 8.17 |2,420.79 411.60 | 187.35
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Mix No. 3 AR100 Slump 135 (mm)
Age | Sample| Width | Height| Length | Weight Density Load | Comp.Strength UPV
Vi (days)] No. | (em.) | (em.) | (em) | (kg.) (kg/m3) (kN) (ksc.) (m/s)
1 15.18 ] 15.00 | 15.12 | 7.88 |2,288.82 127.50 | 56.63
2 15.17 ] 1544 1509 | 7.76 |2,194.12 134.60 | 59.94
1 3 15291 15.08 | 15.13 | 7.75 |2,221.54]2,243.57] 125.60 | 5534 | 57.23
4 15.17 ] 15.05| 15.16 | 7.75 |2,239.14 123.80 | 54.87
5 15.08 | 15.05| 15.17 | 7.83 |2,274.25 133.20 | 59.35
1 15.02 ] 15.09| 15.05 | 7.74 |2,269.06 23590 | 106.38 4,043
2 15.04 | 15.04| 15.09 | 7.71 |2,257.29 217.70 | 97.78 4,089
3 3 15.09 | 15.08| 15.05 | 7.71 /| 2,249.81]2,259.26] 230.30 | 103.37 | 103.74| 4,000 [4,037.20
4 15.00 | 15.11) 1521 | 7.82 |2,268.41 237.90 | 106.29 4,000
5 15.09 | 15.16| 1521 | 7.84 |2,251.76 236.10 | 104.86 4,054
1 1496 | 1525 15.06 | 7.69 |2,238.21 289.90 | 131.17 4,043
- 2 15.07 | 15.17 | 15.15 | 7.78 |2,246.30 301.00 | 134.39 4,043
E 7 3 15.01 | 15.16 | 15.09 | 7.72 |2,246.81]2,244.78| 296.90 | 133.62 | 134.40| 4,110 [4,054.00
- 4 15.03 ] 15.02| 15.09 | 7.66 |2,247.12 300.80 | 135.19 4,098
5 15.05 | 1501 15.05 | 7.69 |2,245.47 305.80 | 137.62 4,032
1 15.02 | 15.05| 1520} .7:66 |2,229:35 351.30 | 156.85 4,110
2 15.16 | 15.09| 15.06 | 7.75 |2,249.51 366.20 | 163.50 4,121
14 3 15.10 | 15.15] 15.02 | 7.67 |2,230.76]2,244.77| 356.20 | 160.10 | 150.51| 4,110 [4,121.20
4 15.03 | 15.13 | 15.08 | 7.72 |2,251.22 346.20 | 155.70 4,110
5 15.08 | 15.12| 1501 | 7.75 |2,263.02 258.50 | 116.42 4,155
1 15.02 ] 15.00| 1520 | 7.65 |2,233.86 390.40 | 17431 4,110
2 1493 1 1490 | 15.00 | 7.71 |2,310.56 375.10 | 170.74 4,221
28 3 1497 1 1523 15.00 | 798 |2,331.94]2,29491| 394.70 | 179.18 | 177.06| 4,254 [4,224.20
4 15.00 | 15.07 | 15.00 | 7.79 |2,295.95 410.60 | 186.02 4,213
5 15.00 | 15.00 | 15.00 | 7.77 |2,302.22 386.40 | 175.06 4,323
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Mix No. 4 SSC Slump 60 (mm.)
Age | Sample| Width | Height| Length | Weight Density Load | Comp.Strength UPV
M (days)] No. | (ecm) | (em) | (em) | (kg.) (kg/m3) (kN) (ksc.) (m/s)
1 15.12 ] 15.11| 15.08 | 8.07 |2,342.37 15120 | 67.60
2 1526 |1 1530 1524 | 8.14 |2,286.27 14270 | 62.55
1 3 1511 ] 15.13 | 15.05 | 831 |2,413.79]2,331.41] 14590 | 65.40 | 64.46
4 15.17 1 1530 15.10 | 8.06 |2,299.75 144.40 | 64.26
5 1520 ] 15.18| 1524 | 8.14 |2,314.86 142.00 | 62.49
1 15251 15.10| 1520 | 8.04 |2,295.60 278.50 | 122.47 4,261
2 15.16 | 15.14] 15.12 | 8.06 |2,321.07 279.50 | 124.30 4,121
3 3 15.14 ] 15.05| 15.15 | 835 |2,418.86]2,337.87| 282.50 | 125.55]124.03| 3,989 [4,178.60
4 1511 ] 15.11| 1528 | 8.10 |2,321.84 279.50 | 123.40 4,261
5 15.07 ] 15.09| 15.18 | 8.05 |2,331.96 279.20 | 12441 4,261
1 15251 15.10| 1520 | 8.17 |2,334.17 386.30 | 169.88 4,386
2 15.16 | 15.14] 1520 | 8.10 |2,320.32 37330 | 165.14 4,323
§ 7 3 15.14 ] 15.05| 15.15 | 8.02 |2,321.82]12,326.01| 363.90 | 161.72 | 165.10| 4,360 [4,353.00
4 1511 ] 15.11 | 1528 | 8.12 |2,327.58 373.60 | 164.95 4,373
5 15.07 | 15.09.] 15.18 | 8.03 |2,326.17 367.60 | 163.80 4,323
1 15251 15.10 | "15.20: | .8:11 |2,31645 415.10 | 182.55 4,464
2 15.16 | 15.14] 15.12 | 8.04 |2,316.75 426.20 | 189.54 4,386
14 3 15.14 1 15.05| 15.15 | 8.12 |2,350.79]2,332.73] 440.80 | 19590 | 189.52| 4,438 [4,412.00
4 1511 | 15.11 ) 1528 | 8.17 |2,341.91 426.10 | 188.13 4,386
5 15.07 | 15.09| 15.18 | 8.07 |2,337.76 429.70 | 191.47 4,386
1 1530 ] 15.04| 15.19 | 821 |2,348.80 445.10 | 195.23 4,399
2 15.00 | 15.11| 15.15 | 8.02 |2,334.18 461.20 | 206.88 4,399
28 3 15.06 | 15.17| 15.09 | 8.08 |2,343.75]2,343.57| 462.10 | 207.28 | 204.78 | 4,464 [4,435.40
4 15.04 ] 15.14| 1521 | 8.12 |2,344.52 462.10 | 205.92 4,464
5 15.17 ] 15.19| 15.10 | 8.17 |2,346.58 468.70 | 208.58 4,451




69

A o v w o <3 A o 9 a v = A 9
ATNN V.5 ﬂ1ﬁ\1@ﬂl!ﬁ$@@]31ﬂ31ulﬁﬂﬂﬁu@a@311°ﬁu9 NAT VDINDUNTA LiJfﬂ‘b'iJ'Jai'Jll‘VifJTU

z:; 9 1 = d' a ]
“lflvlﬂﬁﬂﬂﬂﬁfJfJEJLﬁ‘HﬂEI‘L!ﬂﬁﬁllﬂuﬂuﬁﬁiﬁuﬁuﬂ"uﬂﬂﬂ SSR25

Mix No. 5 SSR25 Slump 80 (mm.)
Age | Sample| Width | Height| Length | Weight Density Load | Comp.Strength UPV
M (days)] No. | (ecm) | (em) | (em) | (kg.) (kg/m3) (kN) (ksc.) (m/s)
1 15.14 1 15.08| 15.17 | 8.16 |2,356.01 200.20 | 88.86
2 15.13 ] 15.09| 15.09 | 8.12 |2,356.89 203.70 | 90.95
1 3 1513 ] 15.11| 15.07 | 855 |2,481.7012,418.46] 203.70 | 91.07 | 87.10
4 15.16 | 15.15| 15.17 | 820 |2,353.51 18520 | 82.09
5 15.13 ] 15.04| 1520 | 8.80 |2,544.21 186.20 | 82.53
1 15.09 | 15.07 | 15.11 | 8.05 |2,342.77 336.30 | 150.35 4,167
2 15.13 ] 15.08| 15.04 | 8.01 |2,334.23 330.70 | 148.14 4,155
3 3 15.09 | 15.13 | 1528 | 5.05 /| 1,447.57]2,161.18| 330.70 | 146.20 | 142.27| 4,190 [4,144.00
4 15.14 1 15.10| 15.08 | 8.10 |2,349.53 29940 | 133.68 4,110
5 15.06 | 15.10| 1520 | 8.06 |2,331.79 298.60 | 132.97 4,098
1 15.02 1 15.09| 15.03 | 8.07 |2,368.95 421.70 | 190.42 4,451
- 2 1499 | 15.08 | 15.01 8.02 |2,363.69 442.80 | 200.61 4,438
% 7 3 15.05 ] 15.10| 15.07 | 8.08 |2,357.85]2,355.04| 443.40 | 199.29 | 195.36| 4,518 [4,499.60
’ 4 15.05 ] 15.13| 1528 | 8.06 |2,315.08 44550 | 197.48 4518
5 15.10 | 15.08] 15.03 | 811 |2,369.65 420.80 | 189.00 4,573
1 15.09 | 15.07 | 15.11:} .8:16 |2,373:32 487.60 | 217.99 4,451
2 15.13 ] 15.08 | 15.04 | 8.07 |2,350.26 428.30 | 191.86 4,601
14 3 15.09 | 15.13 | 1528 | 8.12 |2,326.15]2,348.50] 500.70 | 221.36 | 215.05| 4,505 |4,522.25
4 15.14 | 15.10| 1528 | 8.12 |2,323.36 502.00 | 221.20
5 15.05 ] 15.10| 15.08 | 8.12 |2,369.42 496.10 | 222.82 4,532
1 15.05 ] 15.12 | 15.14 | 821 |2,381.58 544.60 | 243.64 4,573
2 15.05 ] 15.12| 15.07 | 8.15 |2,376.60 564.90 | 253.89 4,673
28 3 15.02 | 15.14| 15.07 | 8.12 |2,369.45]2,373.23| 557.70 | 251.16 | 246.44| 4,587 [4,633.20
4 15.07 | 15.12| 15.06 | 8.10 |2,358.99 519.60 | 233.38 4,601
5 15.07 | 15.11| 15.06 | 8.16 |2,379.51 556.90 | 250.13 4,732
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Mix No. 6 SSR100 Slump 80 (mm.)
Age | Sample| Width | Height| Length | Weight Density Load | Comp.Strength UPV
M (days)] No. | (ecm) | (em) | (em) | (kg.) (kg/m3) (kN) (ksc.) (m/s)
1 15.10 | 15.06| 15.10 | 7.88 |2,294.81 127.50 | 57.00
2 1524 1 15.13 | 15.11 | 7.76 |2,225.84 134.60 | 59.58
1 3 15.09 | 15.11| 15.19 | 7.75 |2,237.64]2,245.41] 125.60 | 55.86 | 57.24
4 15.09 | 15.17| 15.16 | 7.75 |2,233.20 123.80 | 55.16
5 1518 | 15.11| 1527 | 7.83 |2,235.56 133.20 | 58.58
1 15.10 | 15.11| 15.08 | 7.82 |2,271.36 343.40 | 153.73 4,144
2 15.06 | 15.06| 1508 | 7.84 |2,292.26 330.30 | 148.26 4,155
3 3 1521 ] 1513 | 1526 | 7.92 | 2,253.87]2,264.95| 328.40 | 144.23 | 149.50| 4,098 [4,090.20
4 1519 ] 15.11| 1526 | 7.83 |2,234.13 346.50 | 152.38 4,054
5 15.11 ] 15.04| 1508 | 7.79 |2,273.13 332.90 | 148.93 4,000
1 15.09 | 15.07 | 15.11 | 7.83 |2,277.29 42030 | 187.90 4,202
- 2 1513 ] 15.08 | 15.04 | 7.79 |2,270.12 42720 | 191.37 4274
; 7 3 15.09 | 15.13 | 1528 | 7.90 |2,263.08]2,270.17| 391.20 | 172.95| 184.29| 4,202 [4,204.80
g 4 15.14 | 15.10| 1528 | 791 |2,264.39 422.20 | 186.04 4,144
5 15.06 | 15.10] 15.08 | 7.81 |2,275.99 408.10 | 183.18 4,202
1 15.09 | 15.07 | 15.11:} 788 |2,291:84 477.00 | 213.25 4,021
2 1513 ] 15.08 | 15.04 | 7.92 |2,308.01 465.00 | 208.30 4,202
14 3 15.09 | 15.13 | 1528 | 7.87 |2,254.48]2,280.10] 465.10 | 205.62 | 214.40| 4,323 [4,252.40
4 15.14 | 15.10| 1528 | 7.92 |2,265.82 493.00 | 217.23 4,561
5 15.06 | 15.10| 15.08 | 7.82 |2,280.36 507.10 | 227.61 4,155
1 1521 ] 15.15| 15.14 | 791 |2,267.30 524.10 | 232.00 4,132
2 15.10 | 15.13 | 15.09 | 7.85 |2,277.01 52470 | 234.73 4,286
28 3 15.03 | 15.08| 1497 | 7.69 |2,264.97]2,271.70] 518.30 | 234.82 | 234.68| 4,213 [4,235.60
4 15.03 ] 15.02| 15.02 | 7.71 |2,272.34 534.50 | 241.35 4,286
5 15.09 | 15.16| 15.09 | 7.86 |2,276.90 514.90 | 230.50 4,261
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