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& > (20 %)% X #4: The compressive strengths of five different concrete mixes were compared in an

experiment. The first mix was a standard concrete mix designed for a compressive strength of 38
Mpa (1 Mpa = 145.04 psi). The second and third mixes have the same mix ratio but 25% and
35%, respectively, of the fine aggregate (sand) was replaced with discarded (dirty) foundry sand.
The fourth and fifth mixes are similar to the second and third mixes except they use new (clean)
foundry sand. The 28-day compressive strength data for hardened concrete (15¢cm*30cm cylinder)

are as follows.

Normal 25%Dirty|35%Dirty [25%Clean |35%Clean
42.5 32.5 30.9 41.5 43.0
44.0 33.5 30.7 42.0 44.5
43.0 33.0 31.0 43.5 44.0
43.5 35.4 31.7 44.0 43.5

(1) At the 0.05 level of significant, is there evidence of a difference in the average
compressive strength for the different mixes? (10%)
(2) Which concrete mix would you recommend? (10%)
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Critlcal values of the r-distribution

AL BEMEBAGRAEE «0 - o= [ or i)

z - (1) z & (1) ‘z &(z)
0. 0. 300000 0.50 .00140 100 0.841345
.01 0. 503089 0.51 U.0H4973 LUl 0,844752
0.02 0.307078 0.52 0.0984118 1,02, 0.840136
0.0 0311006 0.5 0, 701044 103 0.848405
0.4 (1,515054 054 0, 703401 1.4 0.83080
0.04 0.510949 0.5 0.708840 1.05  0.833141
0,0 0.523922 0,54 0,712260 1,06 0.835428
007 11.427904 0.57 (RAL] 1.0 0.857600
.8 0.54i882 0,358 0. 710043 106 0.850820
0.0 1, 545857 .59 07234038 10U 0862143
010 U.530828 .60 0.725747 LW 0864334
a1 0.548796 0.41 0, 7200110 VL 0.86U300
(INR 1 WTTAN .02 073287 112 0,808043
v.13 ETRAN 0.1 R HETE] L a.870m62
04 U.333671 0.6 0.738014 1,14 0.872857
113 1.450118 .63 0.742154 1.1 0.874028
(R4 0L AHEAG0 0.6t 0745974 t.aa 0.8mhin
wir W74 0.7 11.748572, - 14T 0.878000
0, 1K 0471424 0,08 0.751748 1,18  0.881000
STAT 0,555848 11,49, 47540 10 0.882077
.20 0,370260 0.70 0.7558056 1,20 0.884930
. 0UaBRIGE .74 0.761148 1,21 0.886860
.22 0, 387064 0.72 0,7(4248 1.2 0,8887G7
(IR 0, 30054 .73 0. 707305 L2 0.850651
24 1,3048:43 0.%4 4.770330 .24 0.802512
0.2 0.308700 0.7a 0.773378 1.25  0,894330
0,26 0,002:368 076 0770873 1.2 0.896145
0.7 0.606420 0,77 0.,779330 1,27 0.897938
.28 t.610202 0.78 0.782305 1.28  0.800727
0,20 U.614002 0.79 0.783230 120 0.90i473
0.30 0.617012 .80 0788145 1,30 0.903199
0.31 0.624720 0.81 0.791030 L3 0.904002
0.2 0.4i25517 0.82 0,793892 132 0.600583
0.34 1.629301 0.83 0.700731 1.3 0.908241
0.34 0.433072 0.84 0.790346 1 0.000877
0.35 0.636831 0.83 0.802337 1.35  0.01i462
0.4 0.040376 G.86 0.805105 146 0.913083
0.37 0.044308 0.87 0.807830 1,87 0.514630
u.48 0.648027 0.88 0.810370 198 0.016207
.30 0.051732 0.89 0.813207 1,39 0.017733
0.40 0,455 22 0.90 0.815040 . 1.40 L U10293
0.41 0.639097, 0.91 0.818380 1,41 0.930730
0.42 0.662737 0.92 0.821214 P42 0022106
0.43 0.660402 0.93 0.823815 LA 0.023041
0.44 0.070032 0.94 0.826301 L4 0.025060
0.45 0.073645 0.95 0.828044 TAS - 0020471
0,44 01077242 0.96 0.831473 146 0427833
0.47 0.680824 0.07 0.833077 P47 0.020210
0.48 0.084387 0.08 0.830437 148 0.0:303u8
0.40 0.687933 0.90 0848913 1,40 0.031888

The following table contains critical

values of 7 for given probability fevels.

Probability « of 3 Larger Value

Degrees of
Freedom, v R 05 025 01 008

! 3078 6314 12706 31821 63.657
2 188 2920 4.303 6.965 9925
3 1638 2383 3182 4.541 $.841
4 1533 R 2776 3747 4,604
$ 1476 2018 257 3365 403
6 1440 1543 2447 3143 3707
? 1415 1895 2.368 2998 3.499
H] 1397 1860 2.306 2896 3388
9 1383 1833 2.262 2821 3.250
10 13712 1812 2228 2,764 3,169
n 1363 179 2.201 18 3,106
12 1356 L2 2119 2.681 3088
13 1350 1L 2160 2,650 3012
14 M5 LI6) 2148 2624 291
15 4L 1183 2N 2,602 2947
16 1337 L6 2120 2,583 2921
17 L3 L0 2110 2,567 2.898
18 130 LM 240 2552 2878
i RT: S 5 1) 2093 2.539 2.861
3 133 LS 2086 2528 2845
3 [IRER IV 3 2.080 2518 28M
n 13 L 2074 2.508 2419
3 139 LIl 2,049 2,500 2.807
b2} LME LN 2,064 2492 297
2% LME L0 2,060 2485 2187
k[ LMS LI 2056 2479 2719
i 1314 1703 2082 2473 21
% L3 10 2.04% 2467 2763
29 LI 1699 2045 2462 2756
n 1310 1697 2042 2487 2,750
an 120} 164 2,021 242 2704
60 1296 Lo 200 2390 2660
120 1290 1661 1.984 2,358 2536
% 1282 1645 2336 2576

1960

A3 4, a-EHBWA (K Brownlee , 1960 )
\: 0.005 0.025 0.050 0.800 0.950 0.975 0.990 0.995 0.990
I

| 0.04398 0.03082 0.02363 2.71 38.84 502 .03 7.88 108
30,0100 0.050 0,103 4.61 8§08 7.38 9.21 108 138
30077 0210 0383 6.25 T8l 935 1.3 138 163
€ 0207 048 0TI 1B 949 W B3 M0 18
5 0412 083 105 9.3 10 128 151 167 208
0 0.6 1.24 1.04 10,6 12,86 144 10,8 18,8 22.5
7 0989 169 217 .12.0 4 160 185 203 2.3
8 1.3 W8 27 134 188 T8 0.0 2.0 2.
9 L7 2.0 338 T 168 190 37 286 2.0
10 206 325 3.8 160 183 205 282 282 N0
1n 2,00 3.82 4.87 17.3 107 219 .7 208 3.3
12 3.07 440 523 185 2.0 W3 3 B3I 39
13 857 501 589 108 224 2.7 27 208 3.8
WO407 563 65T 2.1 287 2.0 2.1 38 361
15 4,00 626 7.20 223 2.0 3.5 0.8 3\8 ]I
16 504 691 796 235 263 8.8 380 HI 03
170530 756 8.7 .8 2.6 303 W4 BT 408
18 020 833 9,30 200 280 33 M8 J2 423
19 6.8 891 10 3.2 300 320 W2 38O 438
0 743 9.89 109 284 34 2 6 0.0 483
2800 103 1.6 2.6 3T 385 89 44 468
2 84 10 123 308 39 308 0.3 428 483
W 0.8 ILT 184 3.0 362 38 410 @2 497
20 980 124 13.8 3.2 304 304 3.0 450 812
2%10.5 130 1.8 3.4 3T 400 443 488 520
WIL2 138 154 380 I 410 456 483 M
WILE M. 103 367 400 432 470 490 855
%125 153 10.9 319 413 465 483 8.0 6.9
29430 W60 AT W 426 457 496 823 8.
WIS 1B 185 0.3 438 410 09 BT 8.
3173 00 28 41 498 SN2 3 603 06
0207 2.4 85 518 588 9.3 0.7 668 W
46243 284 3.4 §1.8 617 3.4 T0.0 3.2 80
50 28.0 324 3.3 6012 a7T.8 Tid T 105 80
15 47.2 L78 | 50,1 01,0 90,2 100.8 1004 1103 118
100073 742 TR 1B 1243 120.0 1358 102 149
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