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Sample
Materials Identification
1 2

The initail temperature of water o 2)7] 27
Volume of kelosine , A’ ml 0.5 0.5
Weight of flask + kelosine , B g 332.62 332.26
Weight of flask + kelosine + pozzolanic materials , C g 384.58 380.90
Weight of pozzolanic materials : C-B g 51.96 48.64
The final temperature of water oC 29 27
Volume of kelosine + pozzolanic materials , D ml 229 21.4
Volume of kelosine is replaced : D-A ml 22.4 20.95
Specific Gravity of pozzolanic materials : (C-B)/(D-A) 2:32 2.32

Average specific gravity 232

M 0.2 manudesumzvesmnunadouas ludun
Sample
Materials Identification
1 2

The initail temperature of water oC 27 di )
Volume of kelosine , A ml 0.5 0.5
Weight of flask + kelosine , B g 341.92 340.24
Weight of flask + kelosine + pozzolanic materials , C g 389.31 386.40
Weight of pozzolanic materials : C-B g 47.39 46.16
The final temperature of water oC 27 7
Volume of kelosine + pozzolanic materials , D ml 19.5 19.4
Volume of kelosine is replaced : D-A ml 19 18.9
Specific Gravity of pozzolanic materials : (C-B)/(D-A) 2.49 2.44

Average specific gravity 2.47
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Sample
Materials Identification
1 2

The initail temperature of water oC 27 27
Volume of kelosine , A ml 0.4 0.5
Weight of flask + kelosine , B g 332.26 333.21
Weight of flask + kelosine + pozzolanic materials , C g 377.90 378.55
Weight of pozzolanic materials : C-B g 45.64 4534
The final temperature of water oC 27 9.7}
Volume of kelosine + pozzolanic materials , D ml 22.9 2239
Volume of kelosine is replaced : D-A ml 2.5 22.4
Specific Gravity of pozzolanic materials : (C-B)/(D-A) 2.03 2.02

Average specific gravity 1.97

M3t 0.4 anudsumzvoudunan-nden iun
Sample
Materials Identification
1 2

The initail temperature of water oC 27 99
Volume of kelosine , A ml 0.5 0.5
Weight of flask + kelosine , B g 331.78 332.33
Weight of flask + kelosine + pozzolanic materials , C g 379.97 380.20
Weight of pozzolanic materials : C-B g 48.19 47.87
The final temperature of water °C T 37
Volume of kelosine + pozzolanic materials , D ml 23 227,
Volume of kelosine is replaced : D-A ml 225 291
Specific Gravity of pozzolanic materials : (C-B)/(D-A) 2.14 2.17

Average specific gravity 2.15
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Sample
Materials Identification
1 2
The initail temperature of water °oC 235 23.5
Volume of kelosine , A ml 0.8 0.8
Weight of flask + kelosine , B g 333.46 334.41
Weight of flask + kelosine + pozzolanic materials , C g 370.53 374.32
Weight of pozzolanic materials : C-B g 37.07 39.91
The final temperature of water °C 23.5 23.5
Volume of kelosine + pozzolanic materials , D ml 19.5 21.1
Volume of kelosine is replaced : D-A ml 18.70 20.30
Specific Gravity of pozzolanic materials : (C-B)/(D-A) 1.98 1.96
Average specific gravity 17,97
Mt n.6 Manmaeiimzvoadnhdniniua
Sample
Materials Identification
1 2
The initail temperature of water oC 28 23
Volume of kelosine , A ml 0.7 0.7
Weight of flask + kelosine , B g 342.16 340.34
Weight of flask + kelosine + pozzolanic materials , C g 392 390.08
Weight of pozzolanic materials : C-B g 49 .84 49.74
The final temperature of water °C 23 23
Volume of kelosine + pozzolanic materials , D ml 20.4 20.6
Volume of kelosine is replaced : D-A ml 19.7 19.9
Specific Gravity of pozzolanic materials ; (C-B)/(D-A) 2.53 2.50
Average specific gravity 2.51
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Material Identification Sample
Total Weight of aggregate (g) 5002.50
Weight of Agg. Retain No. 12 (g) 4061.50
Weight of Agg. Passing No. 12 (g) 941.00
Abrasion Loss (%) 18.81

M3190 .8 ﬂ'wmmﬁ'mmumsﬁnns'ﬂummmamnnmnﬁ"lﬁ'mnmstiamﬁyﬂauﬂ?ﬂ

Material Identification Sample
Total Weight of aggregate (g) 5002.40
Weight of Agg. Retain No. 12 (g) 4029.90
Weight of Agg. Passing No. 12 (g) 972.50
Abrasion Loss (%) 19.44
M1 0.9 G T Iz MIAFNI T udoY
Sample | Sample
Materials Identification ) : Average
Weight of Lime Stone in SSD, B g | 2033.55 | 2045.23 -
Weight of Lime Stone in Water, C g 1288.47 | 1298.16 -
Weinght of Lime Stone in Oven-Dry, A g | 2024.38 | 2036.34 -
Bulk Specific Gravity (Oven-Dry) : A/(B-C) 2572 2.73 2572
Bulk Specific Gravity (SSD) : B/(B-C) 2.73 2.74 2.73
Apparent Specific Gravity : A/(A-C) 2.75 2.76 2.75
Absorption : (B-A)/Ax100(%) 0.45 0.44 0.44
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Sample | Sample
Materials Identification
1 2

Weight of Flah+Water, B g | 658.26 656.25
Weight of Sand in SSD, S g | 500.05 500.12
Weight of Flash+Water+Sand, C g | 967.75 966.30
Weinght of Sand in Oven-Dry, A g | 496.76 496.81
Bulk Specific Gravity (Oven-Dry) : A/(B+S-C) 2.61 2.61
Bulk Specific Gravity (SSD) : S/(B+S-C) 2.62 2.63
Apparent Specific Gravity : A/(A+B-C) 2.65 2.66
Absorption : (S-A)/Ax100(%) 0.66 0.67
Average 0.66

1 ' ' o 4 ~ '
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Sample
Materials Identification
1 2 3

Weight of Sample (Saturated Surface Dry) , A g 2049 1952 2014
Weight of Oven Dry Sample , B g 2015 1917 1976
Weight of Container + Sample in Water , C g | 2274 2213 2251
Weight of Container in Water , D g 1000 1000 1000
Weight of Sample in Water , E g 1274 1213 1251
Bulk Specific gravity B/(A-E) | 2.600 2.594 2.590
SSD. Bulk Specific Gravity A/(A-E) | 2.644 2.641 2.640
Apparent Bulk Specific Gravity B/(B-E) | 2.719 2.723 2.726
Absorption (%) (A-B)/B*100 1.69 1.83 1.92

Average of SSD. Specific Gravity 2.642

Average of Water Absorption % 1.81
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Sample
Materials Identification
1 2 3
Weight of Sample (Saturated Surface Dry) , A g| 349.90 312.20 341.30

Weight of Oven Dry Sand , B g | 337.62 301.27 328.94

Weight of Volume Flask + Water , C g 659.05 655.82 659.06

Weight of Volume Flask + Water + Sand , D g| 870.20 844.70 865.20

Bulk Specific gravity B/(C+A-D) 2.433 2.443 2.434

SSD. Bulk Specific Gravity A/(C+A-D) 2,592 2.532 2:525

Apparent Bulk Specific Gravity B/(C+B-D) 2.670 2.680 2.679

Absorption (%) (A-B)/B*100 3.64 3.63 3.76
Average of SSD. Specific Gravity 2.53

Average of Water Absorption % 3.67
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Lime Cumulative
Sieve Sieve Sieve and Percent Percent
Sieve Stone Percent
Opening | Weight | Limestone Retained Passing
No. Retained Retained
(mm) (g) (g) (%) (%)
(g) (%)
3/4" 19.00 661.30 731.74 70.44 3.52 B.52 96.48
3/8" 9.50 592.50 2252.50 1660.00 82.97 86.49 13.51
#4 4.75 558.30 826.10 267.80 13.38 99.87 0.13
#8 2.36 532.50 534.30 1.80 0.09 99.96 0.04
Pan - 500.50 501.27 0.77 0.04 - 0.00
Total 2000.81 100.00 289.84
Fineness Modulus = 6.90
100 7_2?‘———-
< L Rt S I X .
X Le°
Py -
2 60 §e
& O
W ,' L/
g a0 4 o
E / .
E ',' o —@— Lime Stone
= 20 P t
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Sive Sive and Sive and Percent Percent
Sive Opening Coarse Agg. Coarse Agg. Retained Passing
No. (mm) (g) Retained (%) (%)
(g)
3/4" 19.00 1218.50 1218.5 19.40 80.60
PA 12.50 2288.00 3506.5 55.83 44.17
3/8" 9.50 980.50 4487 71.44 28.56
#4 4.75 1443.00 5930 94 41 5.59
#8 2.36 180.00 6110 97.28 %70
Pan - 64.00 6174 98.30 6.72
Total 6281.00 - 671.65 -
Fineness Modulus = 6.7
100 © B
T
= 80 ..................................................................... ;4 .............. X 4 ' ...........................
X ¥
g (YU J S SO — g %
& jo /
W ’ o
g 40 c" l‘: """""
= [ "
g F. £ —@®— RCA
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0
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Sieve Sieve Sieve Sieve and | Fine Agg. | Percent | Cumulative Percent
Percent
No. Opening | Weight | Fine Agg. | Retained | Retained Passing
Retained
(mm) (g) (2) (2) (%) (%) (%)
#4 4.75 721.71 721.71 0.00 0.00 0.00 100.00
#8 2.36 473.38 539.75 66.37 13.27 13.27 86.73
#16 1.18 629.70 748.90 119.20 23.83 37.10 62.90
#30 0.60 569.04 709.28 140.24 28.04 65.14 34.86
#50 0.30 374.06 512.98 138.92 27.78 92.92 7.08
#100 0.15 478.98 507.90 28.92 5.78 98.70 1.30
Pan - 299.44 305.94 6.50 1.30 - 0.00
Sum 500.15 100.00 307.13
Fineness Modulus = 3.07
100 .,
o e
< 8 ” S |
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Sive Sive and Sive and Percent Percent

Sive Opening Coarse Agg. Coarse Agg. Retained Passing
No. (mm) (g) Retained (%) (%)

(g)

3/8" 9.50 2.5 2.5 0.29 100
#4 4.75 42.5 45.0 5.28 95
#8 2.36 218.0 263.0 30.85 69

#16 1.18 206.0 469.0 55.01 45

#30 0.60 146.0 615.0 72.14 28

#50 0.30 111.0 726.0 85.16 15

#100 0.15 62.0 788.0 92.43 8

Pan - 64.0 852.50 100.00

Total 852.5 - 340.89 -
Fineness Modulus = 341
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Concrete : CR-RHBA (W/B = (.70) Slump = 6.5 mm
Age Diameter | Height | Weight Density Load | Comp. Strength
Sample i .
(Days) (cm) (cm) (kg) (kg/m’) (ton) (kg/cm’)
1 10 20 371 2,387 183.7 | 231.69
7 2 10 20 3.72 2,394 | 2,317 | 187.4 | 243.57 | 235.37
3 10 20 3.74 2,170 196.0 | 230.84
1 10 20 3.70 2,361 250.6 | 321.16
28 2 10 20 3:73 2,379 | 2,372 | 2345 | 300.53 | 309.03
3 10 20 3.79 2,375 240.7 | 305.40
1 10 20 3.70 2,337 291.1 | 368.61
60 2 10 20 3.73 2,384 2,364 | 2634 | 338.92 | 362.12
3 10 20 3.73 2,370 2944 | 378.81
1 10 20 3.70 2,330 280.7 | 357.58
90 2 10 20 3.70 2,337 | 2,327 | 2942 | 374.78 | 372.10
3 10 20 3.70 2,315 303.8 | 383.93
1 10 20 3.68 2,325 305.4 | 385.18
180 2 10 20 3.76 2,336 2,329 | 325.8 | 407.66 | 389.44
3 10 20 372 2,325 298.9 | 375.49
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M3 V.2 HAMINAADUAMIMEITAVDINDUNTA CR-RHBA

Concrete : CR-RHBA (W/B = 0.40) Slump =90 mm
Age Diameter | Height | Weight Density Load | Comp. Strength
Sample , "
(Days) (cm) (cm) (kg) (kg/m’) (ton) (kg/cm”)
1 10 20 3:53 2,248 78.8 | 100.38
7 2 10 20 3.53 2,248 | 2,253 | 71.7 | 91.34 | 94.01
3 10 20 3.55 2,261 709 | 90.32
1 10 20 3.55 2,261 154.8 | 197.20
28 2 10 20 3.53 2,248 | 2,259 | 1469 | 187.13 | 191.34
3 10 20 3.56 2,268 148.9 | 189.68
| 10 20 3.54 23255 179.7 | 228.92
60 2 10 20 3.54 2,255 | 2,257 | 186.9 | 238.09 | 231.46
3 10 20 855 2,261 178.5 | 227.39
1 10 20 353 2,248 179.2 | 228.28
90 Z 10 20 3.56 2,268 2,261 | 188.9 | 240.64 | 239.83
3 10 20 3.56 2,268 196.7 | 250.57
1 10 20 3.49 2,273 206.1 | 262.55
180 2 10 20 3.56 2,268 2,253 | 192.6 | 245.35 | 258.60
3 10 20 3.56 2,268 2103 | 267.90
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Concrete : CR-RHBA10 (W/B = 0.40) Slump =90 mm
Age Diameter | Height | Weight Density Load | Comp. Strength
(Days) e (cm) (cm) (kg) (kg/m’) (kN) (kg/em”)
1 10 20 3.55 2,261 109.5 | 139.49
7 p) 10 20 3.56 2,268 | 2,257 | 109.4 | 139.36 | 138.30
3 10 20 3.52 2,242 106.8 | 136.05
1 10 20 3.58 2,280 221.3 | 281.91
28 2 10 20 3.55 2,261 2,270 | 2134 | 271.85 | 269.81
S 10 20 3.56 2,268 200.7 | 255.67
1 10 20 3.55 2,261 247.6 | 31541
60 2 10 20 3.5, 2,274 | 2,268 | 241.2 | 307.26 | 318.77
3 10 20 3.56 2,268 26189 1F.333.63
1 10 20 3.57 2,274 275.8 | 351.34
90 2 10 20 3.61 2,299 226" #2554 "325:73"] 341.32
3 10 20 3.54 2,255 272.3 | 346.88
1 10 20 e 2,261 29291 372.87
180 2 10 20 3.57 2,274 2,272 | 3104 | 395.41 | 379.75
3 10 20 3.58 2,280 291.2 | 370.96
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Concrete : CR-RHBA20 (W/B = 0.40) Slump = 90 mm
Age Diameter | Height | Weight Density Load | Comp. Strength
Sample , 3
(Days) (cm) (cm) (kg) (kg/m’) (kN) (kg/cm")
1 10 20 3.61 2,299 160.1 | 203.95
7 2 10 20 3.61 2,299 | 2,293 | 164.6 | 209.68 | 206.03
3 10 20 3.58 2,280 160.5 | 204.46
1 10 20 3.62 2,306 281.0 | 357.96
28 2 10 20 3.59 2,287 | 2,295 | 264.4 | 336.82 | 343.99
3 10 20 3.60 2,293 264.7 | 337.20
1 10 20 3.59 2,287 2926 | 372.74
60 2 10 20 3.63 2,312 | 2,301 | 297.8 | 379.36 | 382.85
3 10 20 2162 2,306 311.2 | 39643
1 10 20 3.62 2,306 312.1 | 397.58
90 2 10 20 3.66 2,331 2,318 | 330.8 | 421.40 | 409.13
3 10 20 3.64 2,318 320.6 | 408.41
1 10 20 3.56 2,268 01| 3 9
180 2 10 20 3.59 2,287 | 2,291 | 3383 | 430.96 | 426.18
3 10 20 3.64 2,318 330.8 | 421.40

A s




76

MM 1.5 HANTNATBUAMAITAYDINBUATA CR-POFA

Concrete : CR-POFA (W/B = (.40) Slump =90 mm
Age Diameter | Height | Weight Density Load | Comp. Strength
Sample . .
(Days) (cm) (cm) (kg) (kg/m’) (kN) (kg/cm’)
1 10 20 3.59 2,287 90.7 | 115.54
7 2 10 20 3.54 2,255 | 2,268 | 959 | 122.17 | 119.87
3 10 20 3:55 2,261 95:7°%), 121791
1 10 20 3 .57, 2,274 158.3 | 201.66
28 2 10 20 3.58 2,280 | 2,280 | 146.3 | 186.37 | 193.89
3 10 20 3.59 2,287 152.0 | 193.63
1 10 20 3.58 2,280 191.3 | 243.69
60 2 10 20 3.56 2,268 | 2,280 | 189.3 | 241.15 | 235.50
3 10 20 3.60 2,293 174.0 | 221.66
1 10 20 3.63 2,312 186.9 | 238.09
90 2 10 20 3.64 2,31:8 2,308 | 201.2 | 256.31 | 247.60
3 10 20 3.60 2,293 195.0 | 248.41
1 10 20 3.55 2,261 208.2 | 265.22
180 2 10 20 3.61 2,299 | 2,278 | 197.0 | 250.96 | 258.09
3 10 20 3.57 2,274
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Concrete : CR-POFA10 (W/B = 0.40) Slump = 80 mm
Age Diameter | Height | Weight Density Load | Comp. Strength
Sample . .
(Days) (cm) (cm) (kg) (kg/m’) (kN) (kg/cm)
1 10 20 3.57 2,274 142.5 | 181.53
7 2 10 20 3.59 2,287 | 2,280 | 146.8 | 187.01 | 179.83
3 10 20 3.58 2,280 1342 | 170.96
1 10 20 8.57 2,274 187.6 | 238.98
28 2 10 20 3.59 2,287 | 2,282 | 186.9 | 238.09 | 245.94
3 10 20 3.59 2,287 204.7 | 260.76
| 10 20 3.60 2,293 210.6 | 268.28
60 2 10 20 357 2,274 | 2,287 | 2203 | 280.64 | 274.90
3 10 20 3.60 2,293 216.5 | 245.80
1 10 20 3.56 2,268 @17.65] "277.20
90 2 10 20 3.57 2,274 2,282 1 280.32
3 10 20 3.62 2,306 222.5 | 283.44
1 10 20 3.59 2,287 226.2 | 288.15
180 2 10 20 3.62 2,306 | 2,289 | 231.4 | 294.78 | 294.35
3 10 20 3.57 2,274 235.6 | 300.13
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Concrete : CR-POFA20 (W/B = 0.40) Slump =70 mm
Age Diameter | Height | Weight Density Load | Comp. Strength
Sample . ,
(Days) (cm) (cm) (kg) (kg/m’) (kN) (kg/cm’)
1 10 20 3.62 2,306 180.9 | 230.45
7 2 10 20 3.62 2,306 | 2,306 | 174.7 | 222.55 | 223.65
3 10 20 3.62 2,306 171.1 | 217.96
1 10 20 3.64 2,318 2225 | 283.44
28 2 10 20 3.65 2,325 | 2,325 | 236.5 | 301.27 | 292.27
3 10 20 3.66 2,331 2293 | 292.10
1 10 20 3.64 2,318 248.0 | 315.92
60 2 10 20 3.64 2,318 | 2,323 | 258.0 | 328.66 | 329.34
3 10 20 3.66 2,331 269.6 | 343.44
1 10 20 3.60 2,293 266.4 | 339.36
90 2 10 20 3.68 2,344 | 2318 | 266.6 | 339.62 | 334.73
3 10 20 3.64 2,318 2553 | 325.22
1 10 20 3.65 2,325 280.6 | 357.45
180 2 10 20 3.60 2,293 | 2,301 | 282.4 | 359.75 | 358.60
3 10 20 3.59 2,287
Hu e Hn

A liiniesan




MANUIN A

4 lJ
wamsmaauammﬁcdﬁmmmmuﬂaun‘%m



80

4 4 ) < { @
M1319% .1 N’dﬂ"l5‘V]ﬂﬁﬂ‘U0ﬂ51ﬂ15°§ﬂﬂ83u1w1uﬂﬂuﬂiﬂ CR-RHBA ﬁmq 2814

Water Permeability at the age of 28 days of CR-RHBA concrete

Sample 1 Sample 2
Date Time Cum. Time Reading Volume Reading Volume
(cm) (cu.m.) (cm) (cu.m.)
5-Feb-11 15:33:00 27.00 26.70
5-Feb-11 15:33:05 65 26.50 2.078E-05 25.80 2.186E-05
5-Feb-11 15:33:10 70 25.30 2.263E-05 24.80 2.340E-05
5-Feb-11 15:33:15 75 24.40 2.401E-05 23.70 2.509E-05
5-Feb-11 15:33:20 80 23.20 2.586E-05 228 2.694E-05
Dia. 1 = 0.0999 m. | L1 = 0.0417 m.
Dia. 2 = 0.1000 m. | L2 = 0.0412 m.
P = 500,000 N/m’ | 1cmoftube = 1.5394 ce.
Ql = 3.325E-07 m’ | Kl = 3471E-08 m’
Q2 = 3370E-07 m’ | K2 - 3.468E-08 m’
Kav = 3470E-08  m’
2.8E-05
_ |y =3.325E-07x - 7.851E-07
2 26E-05 : R?=9.969E-01
- | ST e
.
LA P A |
=  y = 3.387E-07x — 2.309E-07
2 22E05 - : R?=9.983E-01
3§ ] BN ey e
=
E 2.0E-05 4 o Sample |
<© Sample 2
1.8E-05 . : T T
6.0E+01 6.5E+01 7.0E+01 7.5E+01 8.0E+01 8.5E+01

Cumulative Time (sec)
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Water Permeability at the age of 90 days of CR-RHBA concrete

Sample 1 Sample 2
Date Time Cum. Time Reading Volume Reading Volume
(cm) (cu.m.) (cm) (cu.m.)
18-Jul-10 21:30:00 40.30 40.00
1-Aug-10 22:50:00 1,214,400 37.80 3.848E-06 37.10 4.464E-06
2-Aug-10 14:20:00 1,270,200 37.60 4.156E-06 37.00 4.618E-06
3-Aug-10 10:35:00 1,343,100 37.50 4.310E-06 36.90 4.772E-06
8-Aug-10 14:50:00 1,790,400 37.10 4.926E-06 36.20 5.850E-06
9-Aug-10 15:30:00 1,879,200 37.00 5.080E-06 36.10 6.004E-06
10-Aug-10 17:10:00 1,971,600 36.90 5.234E-06 36.00 6.158E-06
Dia. 1 = 0.1000 m. | L1 = 0.0400 m.
Dia. 2 = 0.1000 mslal2 = 0.0400 m.
P = 500,000 N/m’ | lcmoftube = 1.5394 ce.
Ql - 2.236E-12 m’ | Kl - 1.570E-13 m’
Q2 = 1.571E-12  m’ | K2 = 2.234E-13 m’
Kav - 1.902E-13 m’
70E.06 ................................
_ |y =2.236E-12x + 1.774E-06 |
& ' R =9.975E-01
% 50E_06 U P IEREREERRR ST - L
E R O K R R TR 3
B "y = L571E-12x + 2.098E-06
> ; R2 = 9.746E-01
¥ 30B:054 = THEERET = SN S RS
=
=
=
E <© Sample |
s o Sample 2
0.0E+00 T T T
5.0E+05 1.0E+06 1.5E+06 2.0E+06 2.5E+06

Cumulative Time (sec)
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Water Permeability at the age of 28 days of CR-RHBA(10) concrete

Sample 1 Sample 2
Date Time Cum. Time Reading Volume Reading Volume
(cm) (cu.m.) (cm) (cum.)
28-Aug-10 14:50:00 40.30 40.20
7-Sep-10 17:35:00 1,133,100 37.10 4.926E-06 31.80 1.293E-05
9-Sep-10 16:55:00 1,303,500 36.90 5.234E-06 31.50 1.339E-05
12-Sep-10 20:25:00 1,575,300 36.40 6.004E-06 30.80 1.447E-05
13-Sep-10 12:40:00 1,633,800 36.20 6.311E-06 30.60 1.478E-05
14-Sep-10 20:10:00 1,747,200 36.10 6.465E-06 30.40 1.509E-05
15-Sep-10 22:55:00 1,843,500 36.10 6.465E-06 30.30 1.524E-05
Dia. 1 = 0.1000 m! |"El = 0.0400 m.
Dia. 2 = 0.1000 m. il B2 0.0400 m.
P = 500,000  N/m’ | 1cm of tube 1.5394 cc.
Ql = 2.302E-12 m | Kl 2.300E-13 m’
Q2 = 3.336E-12 m’ | K2 3.333E-13 m
Kav 2.817E-13 m’
R T — :
|y =3.336E-12x + 9.159E-06 :
& apos R?=9.861E-01 :
< [~ s
it EUUNNRRER
£
= 1.0E-05 R R R PR PR PR x
s 'y = 2.302E-12x — 2.338E-06
[ : R? = 9.643E-01 :
B GOB06 o irrrereneneneenns M
=
g O Sample 1
© 2.0E-06 a Sample 2
0.0+E00 . : :
5.0E+05 1.0E+06 1.5E+06 2. 0E+06 2.5E+06

Cumulative Time (sec)
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Water Permeability at the age of 90 days of CR-RHBA(10) concrete

Sample 1 Sample 2
Date Time Cum. Time Reading Volume Reading Volume
(cm) (cu.m.) (cm) (cum.)
18-Jul-10 21:30:00 40.50 40.30
1-Aug-10 22:50:00 1,214,400 39.40 1.693E-06 34.40 9.082E-06
2-Aug-10 14:20:00 1,270,200 39.30 1.847E-06 34.30 9.236E-06
3-Aug-10 10:35:00 1,343,100 39.20 2.001E-06 34.10 9.544E-06
8-Aug-10 14:50:00 1,790,400 38.80 2.617E-06 33.60 1.031E-05
9-Aug-10 15:30:00 1,879,200 38.70 2.771E-06 33.50 1.047E-05
10-Aug-10 17:10:00 1,971,600 38.60 2.925E-06 33.40 1.062E-05
Dia. 1 = 0.1000 m. | L1 = 0.0400 m.
Dia. 2 = 0.1000 m. | L2 = 0.0400 m.
p - 500,000  N/m’ | 1cmoftube = 1.5394 ce.
Ql - 1.566E-12 m' | Kl = 1.565E-13 m’
Q2 - 1952E-12 m’' | K2 - 1.951E-13 m’
Kav = 1.758E-13 m’
1.2E-06
= .. DEE. :
E @G/EBE? = 1.952E-12x + 6.794E-06
T i ; R2=9.911E-01
E ................................
=
>\°
’ ............................. |
€ |y = 1.566E-12x - 1.582E-06 -
g 06 R2=9.960E-01
g | ' < Sample 1
- O  Sample 2
0.0+E00 T . . .
5.0E+05 1.0E+06 ISE+06  2.0E+06 2.5E+06 3.0E+06

Cumulative Time (sec)
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Water Permeability at the age of 28 days of CR-RHBA(20) concrete

Sample 1 Sample 2
Date Time Cum. Time Reading Volume Reading Volume
(cm) (cum.) (cm) (cum.)
25-Aug-10 | 14:50:00 40.00 40.10
7-Sep-10 17:35:00 1,133,100 38.70 2.001E-06 38.40 2.617E-06
9-Sep-10 16:55:00 1,303,500 38.60 2.155E-06 38.20 2.925E-06
12-Sep-10 | 20:25:00 1,575,300 38.10 2.925E-06 37.50 4.002E-06
13-Sep-10 12:40:00 1,633,800 38.00 3.079E-06 37.50 4.002E-06
14-Sep-10 | 20:10:00 1,747,200 38.00 3.079E-06 37.40 4.156E-06
15-Sep-10 | 22:55:00 1,843,500 37.90 3.233E-06 37.30 4.310E-06
Dia. 1 = 0.1000 m. | L1 = 0.0400 m.
Dia. 2 = 0.1000 m. | L2 = 0.0400 m.
P = 500,000  N/m’ | 1cmoftube = 1.5394 cc.
QI = 1.863E-12 m’' | Kl = 1.862E-13 m’
Q2 = 2.472E-12 m' | K2 = 2.470E-13 m’
Kav = 2.166E-13 m’
SOE’O6 ..............................
Ly =2472E-12x - 1.536E-
a : 07 :
fg 40B06 fiseses R2=9602E'Ol ........
£ y="1.863E-12x + 1.288E- -
= 07 :
> 3.0E-06 - R? =9.592E-01
"B e
£
£ 20E-06 - °
5 < Sample |
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1.0E-06 . T T T
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Water Permeability at the age of 90 days of CR-RHBA(20) concrete

Sample 1 Sample 2
Date Time Cum. Time Reading Volume Reading Volume
(cm) (cu.m.) (cm) (cu.m.)
18-Jul-10 21:30:00 40.10 40.10
1-Aug-10 22:50:00 1,214,400 39.50 9.236E-07 38.70 2.155E-06
2-Aug-10 14:20:00 1,270,200 39.40 1.078E-06 38.60 2.309E-06
3-Aug-10 10:35:00 1,343,100 39.30 1.232E-06 38.50 2.463E-06
8-Aug-10 14:50:00 1,790,400 39.00 1.693E-06 38.20 2.925E-06
9-Aug-10 15:30:00 1,879,200 38.95 1.770E-06 38.20 2.925E-06
10-Aug-10 17:10:00 1,971,600 38.90 1.847E-06 38.15 3.002E-06
Dia. 1 = 0.1000 m. | L1 = 0.0400 m.
Dia. 2 = 0.1000 iy FL2 = 0.0400 m.
P = 500,000  N/m’ | 1cmoftube = 1.5394 cc.
Ql = LIT2E-12 m’ |KI = 1.171E-13 m'
Q2 = 1.034E-12 m' |K2 = 1.033E-13 m’
Kav = 1.102E-13 m’
3.5E-06 e 4
|y = LO34E-12x + 9.923E-07 |
o : R? =9.714E-01
% ZSE-O6 )T R
£
2 AR R R R PR PR PP :
S 'y = LI72E-12x + 4.222E07
2 15806 : R2 =9.860E-01
'g S O S <
=
g © Sample 1
5.0E-07 - o Sample2
0.0+E00 r T . T
5.0E+05 1.0E+06 I.SE+06  2.0E+06 2.5E+06 3.0E+06
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Cumulative Time (sec)
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Water Permeability at the age of 28 days of CR-POFA concrete

Sample 1 Sample 2 Sample 3
Date Time Cum. Time | Reading | Volume | Reading | Volume | Reading | Volume
(cm) (cu.m.) (cm) (cum.) (cm) (cu.m.)
29-Jun-10 | 14:00:00 39.70 39.80 43.00

07-Jul-10 | 17:50:00 705,000 3440 | 9.725E-06 | 32.00 1.431E-05 | 32.70 1.890E-05

08-Jul-10 | 14:25:00 779,100 | 34.00 1.046E-05 | 3140 | 1.541E-05 | 31.80 | 2.055E-05

09-Jul-10 | 16:15:00 872,100 33.60 1.119E-05 | 30.60 1.688E-05 | 30.80 | 2.239E-05

10-Jul-10 | 15:30:00 955,800 33.20 1.193E-05 | 30.00 1.798E-05 | 29.80 | 2.422E-05

11-Jul-10 | 16:40:00 1,046,400 32.80 1.266E-05 | 29.20 1.945E-05 | 28.80 | 2.606E-05

Dia. 1 = 0.1000 m. | L1 = 0.0400 m.
Dia. 2 = 0.1000 m. | L2 = 0.0400 m.
Dia. 3 = 0.1000 m. | L3 = 0.0400 m.
P = 500,000 N/m’ | 1emoftube = 1.8349 cc.
Q1 = 1.040E-11 m’ | K1 = 1.039E-12 m’
Q2 = 1.638E-11 m' | K2 = 1.637E-12 m’
Q3 = 2.270E-11 m' | K3 = 2.268E-12 m’

Kav = 1.648E-12 m’

4.0E-05

1y =2270E-11x + 2.642E-06

5 ‘ R2=9.968E-01 - gPv o N - vt 5 o :
E Jolos s o R - - sl y= 1.6385-]1X+ 2.591E-06
b * : R?=9.973E-01
: Bl
G -y = 1.O40E-11x + 2.115E-06
* Sawa R? =9.883E-01
I o == SRRV o0 S TR Y |
% < Sample 1
g sl 0 Sample 2
<

A Sample 3

0.0E+00 . ¥
5.0E+05 1.0E+06 1.5E+06 2.0E+06

Cumulative Time (sec)
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Water Permeability at the age of 90 days of CR-POFA concrete

Sample 1 Sample 2
Date Time Cum. Time Reading Volume Reading Volume
(cm) (cu.m.) (cm) (cu.m.)
06-Sep-10 17:45:00 40.30 40.40
25-Sep-10 16:40:00 1,637,700 26.70 2.496E-05 27.80 2.312E-05
26-Sep-10 23:30:00 1,748,700 26.40 2.551E-05 27.50 2.367E-05
27-Sep-10 20:25:00 1,824,000 26.00 2.624E-05 27.00 2.459E-05
01-Sep-10 16:30:00 2,155,500 24.80 2.844E-05 25.80 2.679E-05
02-Sep-10 15:30:00 2,238,300 24.40 2.918E-05 25.40 2.752E-05
03-Sep-10 19:25:00 2,338,800 24.20 2.954E-05 25.10 2.807E-05
Dia. 1 = 0.1000 m. | L1 = 0.0400 m.
Dia. 2 = 0.1000 m. | L2 = 0.0400 m.
P = 500,000  N/m’ | lcmoftube = 1.8349 c.
Ql = 7.333E-12 ~ 4 = 7.327E-13 m
Q2 = 6.895E-12 K2 = 6.890E-13 m
Kav = 7.109E-13 m’
3.5E-05
- Ly =7.333E-12x + 1.105&05%
2 : R? =9.966E-01
L IO - iy, -
_S 2.5E-05
(=]
= rrsamm . . . R :
z "y =6.895-E12x + 1.306E-05 :
= : R?=9.967E-01 :
= ...............................
§ 1.5E-05 < Sample 1
a  Sample 2
1.0E-05 . : T
1.0E+06 1 .4E+06 1.8E+06 22E+06 2.4E+06

Cumulative Time (sec)
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Water Permeability at the age of 28 days of CR-POFA(10) concrete

Sample 1 Sample 2
Date Time Cum. Time Reading Volume Reading Volume
(cm) (cu.m.) (cm) (cu.m.)
29-Jun-10 14:00:00 40.10 39.70
7-Jul-10 17:50:00 705,000 37.30 5.138E-06 36.60 5.688E-06
8-Jul-10 14:25:00 779,100 37.00 5.688E-06 36.50 5.872E-06
9-Jul-10 16:15:00 872,100 36.80 6.055E-06 36.30 6.239E-06
10-Jul-10 15:30:00 955,800 36.50 6.606E-06 36.00 6.789E-06
11-Jul-10 16:40:00 1,046,400 36.20 7.156E-06 35.90 6.973E-06
12-Jul-10 17:45:00 1,136,700 35.80 7.890E-06 35.60 7.523E-06
15-Jul-10 23:30:00 1,416,600 34.50 1.028E-05 34.50 9.542E-06
Dia. | = 0.1000 Mgl il 1 = 0.0400 m.
Dia. 2 = 0.1000 m. | L2 = 0.0400 m.
)3 = 500,000 N/m’ | 1cm of tube = 1.8349 ccC.
Ql = 7.105E-12 m' | K1 - 7.100E-13 m’
Q2 = 5375E-12 m’ | K2 = 5.371E-13 m’
Kav = 6.235E-13 m’
IIE‘OS ...............................
'y =7.10SE-12x + 4.300E-08 :
,:,; §0B.08 4 : R? =9 .866E-01
é TEEEER R i iR
Y
£
| g—— e . <. :
S Ly =5.375SE-12x + 1 640E-06
o : R2=9.714E-01
:;: 50E_06 l @ s el
=
E <© Sample |
3.0E-06 1 o Sample 2
2.0E-06 : . v . -
40E+05  60E+05 8.0E+05 1.0E+06 12E+06  14E+06 1.6E+06

Cumulative Time (sec)
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Water Permeability at the age of 90 days of CR-POFA(10) concrete

Sample 1 Sample 2
Date Time Cum. Time Reading Volume Reading Volume
(cm) (cu.m.) (cm) (cu.m.)
6-Sep-10 17:45:00 40.50 40.20
25-Sep-10 | 16:40:00 1,637,700 38.10 4.404E-06 38.20 3.670E-06
26-Sep-10 | 23:30:00 1,748,700 38.10 4.404E-06 38.20 3.670E-06
27-Sep-10 | 20:25:00 1,824,000 38.00 4.587E-06 38.10 3.853E-06
1-Oct-10 16:30:00 2,155,500 37.80 4.954E-06 37.90 4.220E-06
2-Oct-10 15:30:00 2,238,300 37.70 5.138E-06 37.80 4.404E-06
3-Oct-10 19:25:00 2,338,800 37.60 5.321E-06 37.80 4.404E-06
4-Oct-10 15:00:00 2,409,300 37.60 5.321E-06 37.80 4.404E-06
Dia. 1 = 0.1000 mi | 811 = 0.0400 m.
Dia. 2 = 0.1000 m. | L2 0.0400 m.
P = 500,000  N/m’ | 1 cm of tube 1.8349 cc.
Ql = 1.3T1E=12 m' | Kl 1.310E-13 m
Q2 = 1 103EF12 m’ | K2 1.102E-13 m
Kav 1.206E-13 m
60E.06 ................................
_ ©y=1311E-12x + 2.188E-06 :
o : R? = 9.804E-01
é 50E"O6 S R IR L
£
=
(=]
> 40E-06 D/D
z
2 ot B .
2 Tach "y =1103E-12x + 1.829E-06 :
5 Sl : R?=9.621E-01 ¢ Sample 1
.............................. o il
2.0E-06 T T
1.0E+06 1.SE+06 2.0E+06 2.5E+06

Cumulative Time (sec)
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Water Permeability at the age of 28 days of CR-POFA(20) concrete

Sample 1 Sample 2 Sample 3
Date Time Cum. Time | Reading | Volume | Reading | Volume | Reading | Volume
(cm) (cu.m.) (cm) (cu.m.) (cm) (cum.)
29-Jun-10 | 14:00:00 40.20 40.10 40.20
7-Jul-10 17:50:00 705,000 38.50 3.119E-06 33.20 1.266E-05 38.10 3.853E-06
8-Jul-10 14:25:00 779,100 38.50 3.119E-06 33.10 1.284E-05 38.00 4.037E-06
9-Jul-10 16:15:00 872,100 38.40 3.303E-06 33.00 1.303E-05 38.00 4.037E-06
10-Jul-10 15:30:00 955,800 38.30 3.486E-06 32.90 1.321E-05 37.80 4.404E-06
11-Jul-10 16:40:00 1,046,400 38.30 3.486E-06 32.80 1.340E-05 37.70 4.587E-06
12-Jul-10 17:45:00 1,136,700 38.00 4.037E-06 32.50 1.395E-05 37.50 4.954E-06
15-Jul-10 23:30:00 1,416,600 37.50 4.954E-06 31.90 1.505E-05 36.80 6.239E-06
Dia. 1 = 0.1000 m . |LI = 0.0400 m.
Dia. 2 = 0.1000 m, [RL2 = 0.0400 m.
Dia. 3 = 0.1000 m. | L3 = 0.0400 m.
p = 500,000 N/m’ | 1 emoftube = 1.8349 ce.
Q1 = 2.629E-12 m’ | K1 = 2.627E-12 m’
Q2 = 3.342E-12 m’ | K2 = 3.339E-12 m’
Q3 = 3.324E-11 m’ | K3 = 3.321E-12 m’
Kav = 3.096E-12 m’
1.6E-05
- DMM3,3425-12x+ mnss-os%
E 1.2E-05 - : R? = 9.649E-01 :
:’ ................................
2 s ... ,
= g e S R <= <o ; |y =2.692E-12x + 1.047E-06 :
S 80E-06 {:y=3324E-12x + 1.305E-06 : R2=9.282E-01 :
@ : R2=9.500E-01  ° e
g O Sample 1
E SS—— g Sample 2
o
A  Sample 3
0.0E+00 r .
5.0E+05 1.0E+06 1.5E+06 2.0E+06

Ui a1 ramisnaaeudnsImsduvenhiruneunia CR-POFA(20) oy 28 Tu

Cumulative Time (sec)
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Water Permeability at the age of 90 days of CR-POFA(20) concrete

Sample 1 Sample 2
Date Time Cum. Time Reading Volume Reading Volume
(cm) (cu.m.) (cm) (cu.m.)
6-Sep-10 17:45:00 40.30 40.30
25-Sep-10 16:40:00 1,637,700 36.50 6.973E-06 36.00 7.890E-06
26-Sep-10 23:30:00 1,748,700 36.50 6.973E-06 36.00 7.890E-06
27-Sep-10 20:25:00 1,824,000 36.40 7.156E-06 35.80 8.257E-06
1-Oct-10 16:30:00 2,155,500 36.00 7.890E-06 35.30 9.175E-06
2-Oct-10 15:30:00 2,238,300 36.00 7.890E-06 35.20 9.358E-06
3-Oct-10 19:25:00 2,338,800 35.90 8.074E-06 35.10 9.542E-06
4-Oct-10 15:00:00 2,409,300 35.80 8.257E-06 35.00 9.725E-06
Dia. 1 = 0.1000 m. | L1 = 0.0400 m.
Dia. 2 = 0.1000 EsC2 = 0.0400 m.
P = 500,000  N/m’ | lcmoftube = 1.8349 cc.
Ql = 2.563E-12 m | Kl = 2.561E-13 m
Q2 = 1.762E-12 m’ | K2 = 1.761E-13 m’
Kav = 2.161E-13 m’
1.4E-05
a " y=2.563E-12x + 3 580E-06 -
< ; R2=9.866E-01
2 10E05 - u’da/u’a,aq
=
=
= Wo/o-o—w
: |y = 1.762E-12x + 3.989E-06
5 : R? = 9.803E-01 i < Sample 1
............................. o Sample?
2.0E-06 . v T
1.0E+06 1.5E+06 2.0E+06 2.5E+06 3.0E+06

Cumulative Time (sec)
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The equation for Migration
Age
Sample U T L Xy t
(Days) % 122
N e NC°C ) (mm) (mm) ( hour) (x10 "m'/s)
1 20 29.5 51.00 33.68 24 25.29
28 2 20 29.5 51.50 36.38 24 29.71 27.14
3 20 29.5 51.50 8705 24 28.42
1 25 27.5 50.00 2343 24 13.14
60 2 25 29.5 50.00 21.50 24 12.15 12.63
3 25 27.5 50.00 22:25 24 12.60
1 25 29.5 52.00 12.63 24 7.092
90 2 25 29.5 52.00 12.19 24 6.820 7.027
3 25 29.5 52.00 1275 24 7.169
Z 1.00E-10
=
g
E - !
E E 28 days
¥
2 &
b >
i % VOOE-11 ===y g -~ 60 days
o E
= <
§ e B 90 days
s
=
g
S 1.00E-12

NC(300)
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The equation for Migration
Age
Sample U T L X t D
(Days) o 12 2
(V)| (C) (mm) (mm) (hour) (x10 "m'/s)

1 60 31 51.80 15.50 48 1.887

28 2 60 31 51.95 17.97 48 2.210 2.181
3 60 31 51.60 19.90 48 2.445
1 60 £ | 51.40 4.25

60 2 60 31 52.00 4.09 48 0.447 0.495
3 60 31 50.60 4.97 48 0.542
1 60 29.5 51.50 2.19 96 0.108

90 2 60 29.5 52.00 3.25 0.113
3 60 29.5 51.50 2.37 96 0.118

HNIE TN

A hivhniinsan

2
P
=
2
o
Y
£
e
L
="
U
<
=
b
s
=2
=
Q
o
S
R
=
o=
2
&
W
(=]
Q

(Dnssmx107), m?/s

1.00E-11

1.00E-12

1.00E-13

1.00E-14

[ A —

\\

CR-RHBA

28 days

60 days

B 9 days
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M3 9.3 HAMINATOUMIUNT NFUVBInas l5AgAoUNTA CR-RHBA(10)

The equation for Migration
Age
Sample U L L X4 t D,
(Days) o 12 2
(V)| (°C) | (mm) (mm) (hour) (x10 "m'/s)
1 60 31 50.90 10.25 24 2.392
28 2 60 31 50.50 14.06 | ( 2.151
3 60 3 D12y 8.250 24 1.910
1 60 30.5 51.25 6.34 48 0.715
60 2 60 30.5 50.50 5.10 48 0.556 0.613
3 60 30.5 O 129 5.13
! 60 | 305 | 5045 | 216 3
90 2 60 30.5 50.65 2.88 48 0.293 0.307
3 60 30.5 50.00 3.15 48 0.321
HIGHA
' N i hiiningan
£ 1.00E-11
=
g
E o :
E E 28 days
@ o
2 9
t
IR -ERY ) RV S/, e ——— 60 days
5 &
s £
E =) B3 90 days
2
g
8
Q 1.00E-13

CR-RHBA(10)

FUN a3 mamsnageumsumsniuvesnas lsaigaounin CR-RHBA(10)
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The equation for Migration
Age
Sample U T L X; t D, ..
(Days) o 12 2
(V)| (°C) | (mm) (mm ) (hour) (x10 "m's)
1 60 3l 52.00 7.94 24 1.855
28 2 60 3 51.90 8.19 24 1.914 1.838
3 60 31 52.00 7.50 24 1.744
1 60 31 51.90 4.75 48 0.527
60 2 60 31 52.00 4.50 48 0.497 0.559
3 60 31 52.00 8.75 48 0.652
1 60 30.5 50.00 3.03 48 0.307
90 2 60 30.5 50.25 2.25 48 0.218 0.256
3 60 30.5 50.75 2.46 48 0.244
Py 1.00E-11
=
g
g 2 28 days
~ E
g 7
2 £ Z
& B LOOE-12 g~~~ S R - - - -+~ .- et 60 days
=
o E
< 2 e
= e B 90 days
D
2
&
g i b
Q 1.00E-13 :

CR-RHBA(20)
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The equation for Migration
Age
Sample U T L Xy t D, ..
(Days) y a2 2
(V)| (C)| (mm) (mm) ( hour) (x10 "m'/s)

1 50 30 52.00 7.50 24 2.066

28 2 50 30 52.00 7.70 24 2.126 2.096
3 30 | 5200 | 7.10 24 )
1 50 29 51.00 4.44 24 1.132

60 2 50 29 51.00 3.90 24 0.977 1.010
3 50 29 51.00 3.70 24 0.920
1 50 30 51.00 2.56 24 0.602

90 2 50 30 51.00 2.50 24 0.585 0.581
3 50 30 51.00 2.39 24 0.555

H1E YR

A1 hiiniesan

1.00E-11

£z

g

5]

v

an £ 28 days
A B

3 %

e (—]

2 9 100B-12 g-----~e-sy 60 days
o

o E

- &

£ a B8 90 days
D

3

z 7

o 1.00E-13

CR-POFA
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The equation for Migration
Age
Sample | U T L Xy t
(Days) ’ 2. 2
GV a4t Co) (mm) (mm) (‘hour) (x10 "m'/s)
1 40 30.5 51.90 10.25 24 3.590
28 2 40 30.5 51.00 10.06 24 3.462 3.579
3 40 30.5 51.90 10.50 24 3.686
1 50 30.5 51.60 9.88 24 2.7
60 2 50 30.5 51.40 9.63 24 2.685 2.712
3 50 30.5 51.90 9.75 24 2.680
1 50 30.5 51.50 8.34 24 2.302
90 2 50 30.5 52.00 8.38 24 2.333 2.380
3 50 30.5 52.00 8.94 24 2.504
z 1.00E-11
=2
3 )
E % 7// 28 days
¥ =
=] o
S = 100612 oo / 60 days
=
o E
b &
-] e / 90 days
&
= /
g 7
S 1.00E-13 2

CR-POFA(10)
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The equation for Migration
Age
Sample U iP L X t D,
(Days) 3 -2 2
(V)| (°C) | (mm) (mm) (‘hour) (x10 "m7/s)
1 50 30.5 51.00 8.55 24 2.344
28 2 50 30.5 51.00 8.50 24 2.329 2.306
3 50 30.5 50.00 8.35 24 2.244
1 60 30.5 52.00 6.13 24 1.387
60 2 60 30.5 50.60 6.44 24 1.439 1.429
3 60 30.5 52.00 6.38 24 1.460
1 60 30.5 52.00 4.81 24 1.070
90 2 60 30.5 52.00 5.38 24 1.211 1.236
3 60 30.5 52.00 6.25 24 1.427
z 1.00E-11
:'.-‘5
«
L
E .
£ 28 days
e >
§ % LOOE-12 f----o-o--- A 60 days
o E :
< 2
E e B 90 days
2
&
2
Q 1.00E-13

CR-POFA(20)
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