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ABSTRACT

Title: The study on the ratio of concrete aggregates affecting compressive strength by a
statistical analysis

Nowadays, concrete plays an important role in construction and directly has an effect on
time period and cost of construction. Therefore, concrete strength forecast is extremety
necessary. This research applies statistical analysis to determine the refationship between
proportions of individual concrete aggregates and then to establish concrete strength
equation. 1435 concrete specimens (69 sample sets) with the dimension of 15 x 15x 15
cm’ are mixed to determine the relationship between the proportions of concrete
aggregates that influence the concrete compressive strength and to set up the equation

predicting the strength. The equation is found to be Compressive strength =(-0.090
{Cement)* +359.394(Cement)-59108.716)(-0.201 (Waterf +87.900( Water}-
7179.147)(0.142(Rock)™-155.532(Rock) +55540.464)(0.023(Sand)’-16.037(Sand)

+4726.385)(1.177 (Paste/Aggregate)’ -0.7 26(Paste/Aggregate) +0.280(1.619E-14dn(Age)

+a&15E-14). The decision cocfficient is 0.9146 that means the variation of concrete
compressive strength can be correctly described within 91.46%.

The compressive strengths calculated from the equation and the actual compressive
strengths are comparable with the deviation more than 10% for 7 sample sets, which have
zero fresh concrete stump and slump of more than 18 cm. The average deviation of the
whole samples is 6.58%.
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431 - 460 4.86
461 - 490 10.58
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1. Yudna
* Specific Gravity nagouaunas§iu ASTM CI188 uamunsaldm 3.15 dwmiy

YuFuddamaudnily

2.1
* Sieve Analysis nagoURIANATIIN ASTM C136 Unmasriaaiw ASTM C33
» Finess Modulus nageusiumnasgm ASTM C125 disegsenine2.3 - 3.1
* Material Finer Than No.200 Sieve(75um.) naaoua1nasgiu ASTM CI17 i
Annnfigald 5 %
+ Unit Weight of Aggregates. nagaua1uuaIgIun ASTM C29

* Clay lump and Friable Particles nanoyatuu1nig1y ASTM Ci42 ﬁfhmﬂﬁqﬂ
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* Organic Impurities. nageuANAIzIU ASTM C40 SFdulmnfigaifivy 13y
i Plate No.3
* Specific Gravity. nagsumIaIgIu ASTM CI128

3. Mu

* Sieve Analysis vamouannaIgu ASTM C136 Sauautin ASTM C33

* Material Finer Than No.200 Sieve(751m.) NATBUAINIAIFIN ASTM C117 3
Anfigald 1 %

* Unit Weight of Aggregates. namouauuIas U ASTM C29

* Clay fump and Friable Particles naTeLAININAIIIN ASTM Cl42 ﬁfhmﬂﬁ:f[ﬂ
185%

* Specific Gravity. nasous i IRss Iy ASTM C127

»

* Resistance to Abrasion Test NATOUATNNIATI I ASTM C131 ﬁfiwmﬁfgn'!ﬂ
50 %

4.0
* pH nadeuAmIRIFIN AASHTO T26 finogsenine 6 - 8
» Chioride nagouannnaigy ASTM D512 ﬁﬂ'mmﬁqﬁ'!ﬁ 500 mg/l
* Sulphate neaoumLIAITIN ASTM D516 ﬁfhmnﬁqﬂ'lﬁ’ 1000 mg/1

* Total Solid naereuaIAI3IM AASHTO T26 ﬁﬁmmﬁqﬂ'lﬁ 50000 mg/!

138
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1. N8
* Sieve Analysis
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Sleve size (mm)

%Pass

111 3.1 warsnamInadou Sieve Analysis.vea

» Finess Modulus ifiunifu 3.09

* Material Finer Than No.200 Sieve(75um.) fawmifu 1.39 %

Nniy

» Unit Weight of Aggregates. ifinniiu 1690 kg/m’

» Clay lump and Friable Particles iinumnu 0.24 %

» Organic Impurities. finunfy Plate No.1

» Specific Gravity. Tinumnu 2.58

2. Hu
* Sieve Analysis
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1% 3.2 uoniwaniinadou Sieve Analysis.vpaniu
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- Material Finer Than No.200 Sieve(75pm.) ffuniAu 1.90 %

* Unit Weight of Aggregates. itumifiu 1580 kg/m’
» Clay lump and Friable Particles ¥auviifu 0.91 %
* Specific Gravity. Iauninu 2.9

* Resistance to Abrasion Test Tauninu 19.13 %

3.0
» pH %A1m1A 6.98
» Chloride lifunifiu 3.35 mg/!
* Sulphate U uv1AY 26.45 mg/l
* Total Solid ffiumfy 164.5 mg/!

13799 3.1 uRananIMATeL SnARTIABLNTA

. , Test
Mixture Test Method Requirement | Result Result

Sieve Analysis ASTM C136 ASTM (C33 Pass

Finess Modulus ASTM Ci25 23-3.1 3.09 Pass

Material Finer Than No.200 Sieve(75pm.) | ASTM C117 <5% 1.39% Pass

Sand | Unit Weight of Aggregates. ASTM C29 N/A 1690 N/A

Clay lump and Friable Particles ASTM Cl42 <3% 0.24% Pass

Organic Impurities. ASTM C40 Plate No.3 No.l Pass

Specific Gravity. ASTM Ci28 N/A 258 N/A

Sieve Analysis ASTM CI136 ASTM (33 Pass

Material Finer Thar No.200 Sieve(75um.) | ASTM C117 <1% 0.889% Pass

Rock Unit Weight of Aggregates. ASTM C29 N/A 1580 N/A

Clay lump and Friable Particles ASTM C142 <5% 091% Pass

Specific Gravity. ASTM C127 N/A 2.9 N/A

Resistance to Abrasion Test ASTM Cl13! <50% 19.13% Pass

H AASHTO T26 6.0 - 8.0 7.98 Pass

Water Chioride ASTM D512 <500% 3.35 Pass

Sulphate ASTM D516 < 1000% 26.45 Pass

Total Solid AASHTO T26 < 50000% 164.5 Pass
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* Nonlinear Regreasion,

HODEL PROGRAN Al=1 AZ=1 A3=1 k4=1 AS=1 A6=1 417=1 A9=1 Al10=1 All=1 k12=1 X13=1
A14=1 A15=1 AB=1 Al6=1 A17=1 .
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* water) + {(AS ¥ water) + A6) ¥ [((A7 * rock T rock) + {AB * rock) + A9) «~
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Honlnear Regression Summary Stetistics  Dependent Variable STR

Sowrce DF Sum of Squares Mean Square
Rexyession 17 23956511.9019 1400206.58717
Residual 248 276566,39118 1115.18706

Uncorrected Total 265 24233078.3730

(Comected Total) 264 3240040.72849

518505.42 -215704619.5 215705538.24
BO12277883 -354T0603004 35976384877
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Mix  bportion in 1 m> Slump | U.wt. | str.ld | stir.3d | str.7d | str.14d | str.28d
code {Cement{ Water | Rock | Sand

150400 | 236.29 | 94.52 |2,20537] 0.00 00 |1825.29 26.012 | 30.168 | 31.417 { 35903 | 40.384
150405 [ 224.89 | 89.95 |1,049.46)1 049.46 0.0 |2115.79] 57.237 { 64.300 | 66.058 { 69.658 | 68.910
150505 | 207.61 | 103.80 11,038.04{1,038.04} 0.0 {2116.57§ 53.061 | 63.680 { 69.395 | 72.585 | 80.512
150506 | 205.65 | 102.82 | 822.58 {1,233.87| oo {2184.77} 45558 | 62.232 | 61.005 | 76.731 ] 78.550
150508 | 201.83 | 100.91 | 403.66 |1,614.62] ¢ |2015.98] 30.670 | 38.877 | 45.973 | 46.914 | 43.002
150510 198.15 | 99.07 | 0.00 ]1,981.49] oo |1868.48] 12.679 | 13.894 | 17.195 | 17.998 | 20910
150605 | 192.80 | 115.68 {1,028.25/1,028.25| 0.0 [2167.41} 57.112 | 64.784 | 80.559 | 80.530 | 89.253
150705 } 179.96 | 125.97 11,019.76[1,019.76] o0 |2232.43] 63.691 | 89.747 [100.838] 117.958| 121.975
150805 § 168.72 } 134.98 |1,012.34[1,012.34] o [2224.44] 54.543 | 79.980 | 94.513 | 101.497] 113 859
250404 | 338.88 1 135.55 {1,138.65] 759.10 0.0 |[2222.10}155.087|167.284}207.029| 202.394} 209.252
250405 | 335.95 | 134.38 | 940.67 | 940.67 | 0.0 2271.95{168.556|206.427]233.737| 239.4221 260.459
250406 | 333.07 | 133.23 | 746.08 11,119.12 0.0 |[2181.421101.2221115.258] 132.408] 142.159| 142.790
250504 | 311.13 | 15557 |1,120.08] 746.72{ 5 |2448.70] 192.283]308.601 | 386.7221446.374| 453 032
250505 | 308.48 | 154.24 | 92545} 925.45§ 3 |2357.96| 170.996]240.5931 263.950] 339.3991 339 77¢
250506 | 305.88 | 152.94  734.12 [1,101.17| oo [2237.71]127.376] 151.414] 177.698]| 181.636} 229.267
250604 | 287.58 [ 172.55 [1,104.32] 736.21 | 04 [2399.96]129.934{230.011]|301.745] 349292 365 361
250605 ] 28517 | 171.10 | 912.54 ] 912.54 0.7 |2379.55(164.600]261.080]302.703]350.353) 379.055
250606 | 282.80 | 169.68 | 723.96 |1,085.94] 2 [2353.85]113.821]193.722] 246.635 | 280.676] 305.672
250704 | 267.35 | 187.14 11,090.78| 727.18 | 74 |2404.42|138.659]196.484] 258757 286.829] 304 020
250705 | 265.13 | 185.59 | 90144 { 90144 | 39 |2386.02 146.985] 219.056| 262.803] 296.8711317.783
250706 | 262.95 | 184.07 | 715.23 {1,072.84 1.1 |2336.8971115.029|168.474}211.543| 250.792] 268.811
250804 | 249.77 | 199.82 11,079.02] 719.34 15.6 §2398.32}1109.540|154.548{205.157] 224.999| 257 545
250805 | 247.72 ) 198.18 | 891.80 | 891.80 | 130 |2385.21]101.167]159.235]200.780] 227.777] 250 856
250806 | 245.71 1 196.57 | 707.64 [1,061.46[ 106 |2322.77) 75.377 | 125.552} 157.291] 186.767] 196.001
350404 | 42952 1 171.81 §1,030.85] 687.23 0.4 }2424.11§260.627]397.4241456.112]496.760| 527.813
350405 | 426.15 | 170.46 | 85231 } 85231 | 17 |(2407.30{244.163}393.379| 440.559) 482.035] 545 364
350406 | 422.84 | 169.14 | 676.54 |1,014.81 00 |2359.01 213.6721354.932]1400.565| 454.841 | 475.099
350504 § 392.64 | 19632 }1,009.63] 673.09] 11.8 |2414.38 201.826]329.776 ] 382.488] 416.081} 462.972
350505 | 389.62 | 194.81 | 834.90 | 83490 | 109 {2386.40]195.000 320.876{371.619| 417.897| 457.036
350506 | 386.65 | 193.33 | 662.83 | 99424 | 111 [2340.64}177.514 302.456]349.970} 392.812] 416.970
350604 | 361.58 | 216.95 | 991.77 | 661.18 | 18.1 [2380.47|148.877 213.8291 268.964| 307.199} 354.118

n 2z




Mix Mix Proportion in 1 0" __{ ot U, | sr.0d | st3d | str7d | sir.14d] sur-28
code {Cement] Water | Rock | Sand

350605 + 358.86 | 215.31 | 820.24 | 820.24 | 207 |2356.73|144.894]214.622]275.477]332.752] 385.566
350606 | 356.17 | 213.70 | 651.28 | 976.92 { 18.6 [2324.57]160.695(237.975|285.955]332.376]379.921
350704 | 335.08 | 234.56 | 976.53 | 651.02{ 23.0 |2361.20 96.871 | 165.783|222.162} 251.008 | 297.070
350705 { 332.59 { 232.82 | 807.73 | 807.73 | 23.0 [2332.92]123.641|182.721]227.861] 268.4321 302.975
350706 | 330.14 | 231.10 | 641.42 § 962.12 | 21.3 |2295.83]101.0321169.722] 231.638| 261,568} 318.938
350804 § 312.20 1 249.76 § 963.37 | 642.24 | 22.7 |2338.59} 74.452 §125.344] 172.807| 202.4491 245 767
350805 | 309.91 | 247.93 | 796.92 | 796.92 | 23.7 {2311.85| 76.443 | 139.547|193.013}227.337] 267.743
350806 | 307.66 | 246.13 | 632.90 | 949.35 { 238 |2282.72] 79.150 | 138.809] 188.886} 225.761] 260.101
450404 | 504.48 | 201.79 | 941.70 | 627.80 | 1L.3 |[2431.05]307.990|419.969]|492.7211535.465] 598 344
450405 | 500.87 } 20035 1 779.12 | 779.12 | 52 |2367.79{296.459|395.8311438.569| 509.2841 560.022
450406 | 497.30 | 198.92 | 618.86 } 928.30 | 6.7 |2381.55{312.781]421.470] 486.600] 537.350! 578.523
450504 | 459.51 | 229.75 | 919.01 § 612.68 | 22.9 |2384.43{180.528}271.669]325.454] 383.010(427.125
450505 | 456.29 | 228.15 | 760.49 | 760.49 | 22.3 |2368.24|190.825]279.883|331.3661 400.971 | 438 087
450506 1 453.12 | 226.56 § 604.16 | 906.25 | 22,7 12337.31]174.912]267.092]323.7731 385.821 | 431.198
450604 | 421.89 | 253.14 | 960.04 | 600.03 { 21.9 [2352.86]136.833{207.636/252.345[302.972 338.876
450605 | 419.00 | 251.40 | 744.90 | 74490 | 223 |[2321.19]122.612|192.744| 233.547( 293.2391 340,320
450606 | 416.15 | 249.69 | 591.86 | 887.79 { 22.6 |2335.50)152.879)203.205269.772]316.906] 361 816
450705 { 387.35{ 271.15 | 731.66 | 731.66 | 29.0 |2302.17| 82.205 {120.143]159.233] 189.731 236977
300404 | 386.45 | 154.58 [1,082.07 721.38 | 0.0 }2107.33]144.374]169.129] 198.025] 204.739] 199.275
300405 1 38327 | 153.31 | 894.31 | 894.3] 0.0 {2072.10] 86.261 | 96.949 | 120.412{ 128.110} 149.068
300406 | 380.15 | 152.06 | 709.61 |1,06442| 0n |2111.94} 96077 | 85455} 98.927 | 116.057{ 116.392
300506 | 34833 1 174.16 | 696.65 1,04498] 00 |[2172.69]148.712|150.339]179.803] 194.831]219.139
300704 | 303.09 ) 212.16 11,030.50} 687.00 ] 87 12391.15§162.697]232.421269.836)302.563|346.714
300705 | 300.71 | 210.50 | 852.02 | 852.02 8.2 [2373.20|174.322]260.625300.7241 291.320| 374 869
300706 } 298.38 | 208.86 | 676.31 |1,014.47] 3.3 [2308.51|146.730|212.720|246.011}289.686!312.470
307504 | 29257 | 219.42 [1,023.99) 682.66 | 13.7 [2379.57]145.309] 188.338] 249.437] 281 111 311.497
307505 | 20029 | 217.72 | 846.68 | 846.68 | 122 |2356.61]168.405}214.674] 274.189] 303 260 326.898
300804 | 282.76 | 226.20 11,017.92] 678.61 | 187 {2406.87}136.714] 187.029] 235.629] 277.304| 300.951
3008051 280.57 | 22445 | 841.70 | 841.70 | 17.1 }[2328.23}112.298] 166.466|211.929] 230.620] 258.545
300806 | 278.41 | 222,73 | 668.19 {1,002.28) 5.3 [2317.64] 115032} 170.112|209.513| 237.105] 268.449
400405 | 465.19 § 186.07 | 814.07 | 814.07 | 0.0 [2208.83|263.432|311.304]351.493]369.133(395.392

HAN. 3



Mix Mix Proportion in 1 m” Slump | Uwt. | str.1d | str3d | str.7d | str.14d | str.28d
code |Cement§ Water | Rock { Sand

400504 | 427.64 | 213.82 | 962.20 | 641.46 6.7 |2400.24]1296.1481387.630% 423 383 ] 466.357| 493.80!
400505 | 424.51 1 212.25 | 79596 | 795.96 5.0 [2395.23]1304.6481401.867]415.030} 458.221] 491.345
4005061 421.43 | 210.71 | 632.14 | 948.21 8.2 [2335.51§1235.238|301.143| 375.9321 406.658 | 465.346
4006041 39320 | 23592 [ 94369 | 629.12 ] 190 {2381.00]189.440|270.288]331.911]339.539]377.020
400605 | 390.38 | 234.22 1 780.76 | 780.76 | 21.5 §2362.75|229.758|280.9911339.2901377.437} 418.975
400606 | 387.59 | 232.55 ] 620.15 | 930.23 14.6 [233594[196.946] 284.551)334.9351376.9431411.345
400704 | 363.89 ¢ 254.73 1 92793 | 61862 | 240 |2354.831139.531§201.5281253.925]289.803|323.245

Hn. 4
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