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Abstract

Segregation in asphalt concrete pavements is a construction-related problem that has been of concern
for many years. However, no quantitative methods to assess segregation are found in any standard
specifications. This report shows the progress of a research project to develop an expedient test for
segregation. Nuclear density measurements were evaluated as possible indicators of segregation. Two
spreadsheet-based programs, MBITSEG]1 and MBITSEG?2, were developed to perform statistical tests
to access the presence of segregation based on differences in density measurements. With this
approach, the presence of segregation can be expediently detected and the paving operation can be
adjusted. To verify and calibrate the expedient test, seven test sites were selected exhibiting various
types and degrees of segregation. Nuclear density measurements, laboratory density measurements
and aggregate gradation tests were made at these sites and statistical patterns were analyzed using the
programs. Results indicated that the observed trends for air-dry laboratory density and the percent
passing No.4 and No.8 sieves are generally similar to those for nuclear measured density. Regression
analyses show that nuclear-measured density values are not strongly correlated to lab values, but one-
minute nuclear density measurements correlate most closely with air-dry lab density measurements
for the surface course.

Key Words : segregation, nuclear density, asphalt pavements, statistical methods,
quality control, bituminous mixtures




Conversion Factors

English Metric
1 inch, in 2.544x10' mm = 2.544 cm = 2.544x10* m
1 foot, ft 30.48x10' mm =30.48 cm = 30.48x10> m
1 yard, yd 91.44x10' mm =91.44 cm = 91.44x10” m
I mile (U.S.) 1.609x10° m = 1.609 km
1 mil 0.0254 mm =2.54x10° m = 25.4 um
1 inch square, in® 6.472x10* mm® = 6.472 cm’ = 6.472x10™" m?
1 foot square, ft* 929.03x10> mm’® = 929.03 cm® = 929.03x10™* m?
1 yard square, yd* 8361x10* mm® = 8,361 cm’ = 8361x10™* m?
I mile square (U.S.) 2.5889x10° m* = 2.5889 km*
1 pound mass, lbm or Ib 0.4536 kg =0.4536x10° g
1 ton = 2000 1b 907.2 kg =907.2x10° g
1 slug 14.59 kg = 14.59x10° g
1 pound-force, Ibf 4.448 N = 4.448x10” kKN
1 ton-force 8,896 N = 8.896 kN
1 pound per square inch, psi 6,895 Pa = 6.895 kPa
1 kip per square inch, ksi 6,895,000 Pa = 6.895 Mpa
1 pound-force/square foot, psf | 47.88 Pa = 47.88x10° kPa
1 pound-mass per cubic foot, pcf | 16.018 kg/m’
For asphalt overlays
100 pounds per square yard about 1 in
170 pounds per square yard about 1.5 in




Nuclear Density Grid Analysis
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Regression Analysis between
Nuclear and Lab Density



St John's Density Data

surface coarse leveling coarse
Test Ynuclear { S:G-ssp  S.G.ar Yssp TAIR S.Gssp SG.ar YssD TAIR
Number] (Ibs/ft’) (lbsft®)  (Ibsit’) (Ibsift®)  (Ibs/ft®)
151 14880 | 2.414 2416 15063 150.76 | 2.338 2344 14589  146.27
152 14850 | 2.408 2412 15026  150.51 2.336 2.343 14577  146.20
153 14720 | 2.414 2.416 15063 150.76 | 2.326 2.328 14514 14527
251 148.60 | 2.405 2406  150.07 150.13 | 2.328 2.329 14527  145.33
252 14920 | 2415 2416 15070 150.76 | 2.334 2.338 14564  145.89
253 148.00 | 2.411 2413 15045 150.57 | 2.324 2.327 14502 14520
351 148.80 | 2.408 2410 150.26 15038 | 2.339 2.345 14595  146.33
352 148.00 | 2.386 2389 14889  149.07 | 2.327 2.338 14520 145.89
353 146,50 | 2.401 2405 14982 150.07 | 2.327 2337 14520  145.83
451 147.30 | 2.407 2410 15020 150.38 | 2.331 2.341 145.45 146,08
452 147.10 | 2.400 2.402 14976 149.88 | 2.329 2.334 14533  145.64
453 145.50 | 2.403 2405 14995 150.07 | 2.334 2.336 145.64  145.77
551 146.40 | 2.373 2.375  148.08 14820 | 2.319 2.323 14471  144.96
552 146.70 | 2.403 2.404 14995  150.01 2.328 2.335 14527 14570
553 146.20 | 2.395 2.396 14945 149.51 2,335 2.339 14570 145.95
651 145.40 | 2.392 2397 14926 14957 | 2.131 2219 13297 13847
652 14490 | 2.377 2.381 148.32  148.57 1.834 1.835 11444  114.50
653 145.50 1 2.405 2410  150.07 150.38 1.958 2.077 122.18  129.60
161 14460 | 2.349 2.352 146,58 146.76 | 2.381 2.383 148.57  148.70
162 144.90 | 2.354 2.356  146.89  147.01 2.380 2.382 148.51  148.64
163 145.40 | 2.357 2.360  147.08 147.26 | 2.375 2378 14820  148.39
261 146.90 | 2.372 2.375 14801 14820 | 2.367 2369  147.70  147.83
262 147.70 | 2.368 2372 14776  148.01 2.357 2.360  147.08 14726
263 14550 { 2.371 2.372 14795  148.01 2.370 2373 147.89  148.08
361 146.00 | 2.360 2.364 14726  147.51 2.356 2.363  147.01 14745
362 14520 § 2.349 2355 14658 146.95 | 2.351 2.359 146.70  147.20
363 14550 | 2.370 2373 14789 148.08 | '2.366 2.373 147.64  148.08
461 14450 | 2.339 2344 14595 146.27 | 2.354 2.362  146.89  147.39
462 146.90 | 2.370 2.374 14789 14814 | 1.747 2.368  109.01 147.76
463 137.00 { 2.364 2.368 14751 147.76 | 1.895 2.382 11825 14864
561 143.40 | 2.351 2357 14670 147.08 | 2.418 2.434  150.88  151.88
562 142.50 | 2.341 2344  146.08 14627 | 2.200 2.214 137.28  138.15
563 142.90 | 2.337 2340 14583 146.02 | 2.312 2.346 14427  146.39
661 14310 | 2.334 2.339 14564 145.95 | 2.606 2.613 16261  163.05
662 14490 | 2292 2300 143.02 14352 | 2.090 2252 13042  140.52
663 14320 { 2337 2.343 14583 14620 | 2.014 2.063 12587 128.73




0§61

(32d) Ajusaq Jesjonpy ulw-|

0051 0'Sh) 0°0vl 0°sEl
0'sEl
Ze9L0=d
X92L0') = A .
e ool
0\
_ t SR o'shl
W * 76420 = ;M
189°1G +X8819°0 = A
m .
- 0°0sl
m | _
|
| _
_ i
_, - 0’551

fyisus( Jed[oNN ujW-| SA 3SiN0D 99kNG uo A}usaq ASSs

(30d} asinog agjeing uo fusag Ass



Si. John's Density Data

surface coarse leveling coarse
Test | Youclear | S-Gsso  S.Guar Yssp YARR 8$.Gssn  S.Gar Yssp YAIR
Number| (Ibs/ft}) {Ibs/ft’)  (Ibs/t®) (Ibsift’)  (ibs/ft})
111 13940 | 2.320 2.324  144.77 14502 | 2.256 2283  140.77 14246
112 14160 | 2325 2333 14508 14558 | 2.250 2274 14040  141.90
113 14040 | 2.318 2.319 14464 14471 | 2.261 2289  141.09  142.83
211 138.00 | 2.319 2326 14471 14514 | 2266 2280 14140 14227
212 14050 { 2.340 2345 14602 14633 | 2.258 2275 14090 141.96
213 140.80 | 2.329 2336 14533 14577 | 2.257 2268  140.84 14159
311 140.20 | 2.328 2.333 14527 14558 | 2.079 2.091 129.73  130.48
312 139.30 | 2.319 2323 14471 14496 | 2.260 2282 14102  142.40
313 14150 | 2.318 2.324 14464 14502 | 2.220 2,298  138.53  143.40
411 138.80 | 2.312 2314 14427 14439 | 2258 2200 14080 142.90
412 139.30 | 2.332 2.335 14552 14570 | 2246 2.271 14015  141.71
413 139.40 | 2.326 2.328 14514 14527 | 2.258 2264 14077  141.27
511 14150 | 2.320 2.325 14477 14508 | 2.249 2268 14034 14152
512 141.90 | 2.336 2.341 14577 146.08 | 2.262 2280 14115 14227
513 141.00 | 2.326 2.331 14514 14545 | 2.256 2274  140.77  141.90
611 14160 { 1.970 2274 12293 14190 | 2.263 2289 14121 14283
612 14050 | 2.342 2380 14614 14851 | 2.269 2.281 14159  142.33
613 140.70 | 2.340 2.386  146.02 148.89 | 2.305 2.322 14383 14489
121 148.10 | 2.389 2.390 14907 14914 | 2.335 2337 14570 14583
122 14740 | 2.388 2.389  149.01 148.07 | 2.329 2.333 14533 14558
123 14620 | 2.383 2.386 14870 148.80 | 2.343 . 2346 14620 146.39
221 14580 | 2.395 2.398 14945 14964 | 2713 2716 16929  169.48
222 147.00 | 2.383 2.388  148.70 149.01 | 2.364 2.367 14751  147.70
223 14710 { 2.398 2400 14964 14976 | 2.345 2.349  146.33  146.58
321 14660 | 2.392 2398 14926 14964 | 2.356 2359  147.01  147.20
322 146.90 | 2.389 2393  149.07 149.32 | 2.350 2352 14664  146.76
323 14590 | 2.386 2389 14889 149.07 | 2.343 2.348 14620  146.52
421 14520 | 2.395 2.397 14945 14957 | 2.317 2.323 14458 14496
422 14520 | 2.401 2402  149.82 149.88 | 2.321 2328 14483 14527
423 14500 | 2.397 2.399 14957 14970 | 2.323 2327 14496 14520
521 14450 | 2.396 2.398 14951 14964 | 2.316 2.328 14452 14527
522 145.30 | 2.375 2376 14820 14826 | 2.339 2.344 14595 14627
523 14570 { 2.394 2396  149.39 14951 | 2.326 2329 14514 14533
621 14450 | 2.397 2.399 14957 14970 | 2.337 2.340 14583  146.02
622 14460 | 2.384 2.386  148.76 148.89 | 2.324 2.331 145.02 14545
623 146.00 | 2.401 2403 14982 14995 | 2.375 2.378 14820  148.39




St. John's Density Data

surface coarse leveling coarse
Test | Vnuctear | S:Gssp  S.Goar YssD YAIR 8.G.ssp  S.Guar Yssb YAIR
Number} (Ibs/ft®) (Ibsift®)  (Ibs/ift®) (Ibs/t®)  (Ibsift’)
131 145.50 2.356 2.358 147.01 147 .14 2.349 2.350 146.58 146.64
132 143.60 2.351 2.354 146.70 146.89 2.306 2.31 143.89 144.21
133 145.50 2.364 2.366 147.51 147.64 2.336 2.339 145.77 145.95
231 145.80 2,359 2.361 147.20 147.33 2.333 2.336 145.58 145.77
232 145.30 2.357 2.360 147.08 147.26 2.365 2.368 147.58 147.76
233 144.60 2.349 2.350 146.58  146.64 2.354 2.357 146.89 147.08
331 145.60 2.350 2.351 146.64 146.70 2.354 2.355 146.89 146.85
332 146.00 | 2.360 2.363 147.26 147.45 2.340 2.346 146.02 146.39
333 143.80 2.359 2,362 147.20 147.39 2.326 2.332 145.14 145.52
431 144 .60 2.365 2.367 147.58 147.70 2.327 2.328 145.20 145.27
432 144,10 2.358 2.361 147.14 147.33 2.332 2.338 14552 145.89
433 144.70 2.352 2.353 146.76 146.83 2.325 2.330 145.08 145.39
531 145.40 2.356 2.360 147.01 147.26 2,326 2.329 145.14 145.33
532 144.70 2.344 2.247 146.27 146.45 2.346 2.350 146.39 146.64
533 144 .50 2.324 2.338 145.64 145.89 2.317 2,323 144.58 144 .96
631 144.50 2346 2349 146.39 146.58 2.328 2.351 145.27 146.70
632 143.30 2.345 2.348 146.33 146.52 2.107 2119 131.48 132.23
633 143.90 2.335 - 2.340 145.70 146.02 2.051 2.593 127.98 161.80
141 145.40 2.357 2,359 147.08 147.20 2.341 2.349 146.08 146.58
142 146.00 2.361 2.363 147.33 147.45 2.336 2.341 14577 146.08
143 143.50 2.348 2.350 146.52 146.64 2.337 2.342 145.83 146.14
241 144.40 2.330 2.335 145,38 14570 2.322 2,332 144 .89 145,52
242 145.00 2.353 2.356 146.83 147.01 2.338 2.351 145.85 146.70
243 143.70 2.344 2.347 146.27 146.45 2.338 2.353 145.88 146.83
341 145.70 2.349 2.351 14658  146.70 2341 . 2.352 146.08 146,76
342 143.10 2.337 2.342 145.83 146.14 2.330 2.338 145.39 145.95
343 145.10 2.347 .2.350 146.45 146.64 2.325 2.338 145.08 145.89
441 146.40 2.350 2.353 146.64 146,83 2.337 2.347 145.83 146.45
442 145.20 2.360 2.361 147.26 147.33 2.332 2.339 145.52 145.95
443 146.00 2.356 2.358 - 147.01 147.14 2.334 2.339 145.64 145.85
541 145.70 2,348 2.357 146.52 147.08 2.343 2.354 146.20 146.89
542 146.00 2.347 2.356 146.45 147.01 2.356 2.366 147.01 147.64
543 146.00 2.354 2.355 146.89 146.95 2.332 2.343 145.52 146.20
641 143.50 2.351 2.353 146.70 146.83 2,499 2.618 155.94 163.36
642 145.20 2.353 2.356 146.83 147.01 2.592 2.600 161.74 162.24
643 145.30 2.354 2.357 146.89 147.08 2.780 2.791 173.47 174.16




ssd SC vs.'nuc

SUMMARY QUTPUT

Regression Stalistics

Multiple R 0528421238
R Square 0.279229005 |
Adjusted R Square ~ 0.272429278
Standard Error 2503789945 g
Observations 108 5
ANOVA S

df SS MS F fgnificance F
Regression 1 2574333886 257.4334. 41.06474 4.16E-09
Residual 106 664.5101933 6.268964. P
Total 107  921.9435819

Coefficients Standard Error ¢ Stat P-value ~ ower 85% pper 95% ower 95.0
Intercept 57.68726912, 13.9674173 4.130131° 7.25E-05. 28.99549 85.37905° 29.99549
X Variable 1 0.618820807 0.096567361 6.408178. 4.16E-09 0.427367 0.810275: 0.427367

Page 1



ssd LC vs. nuc

[SUMMARY OUTPUT .

Regression Stalistics

Multiple R 0.275738

R Square 0.076031

Adjusted  0.067315

Standard  8.050062.

Observati 108:

ANOVA i - -
df 5SS MS F ignificance F

Regressio 1 56525 56525 B8.722522. 0.003872:

Residual 106: 6869.171 64.8035 : ;

Tota 107 7434.421 o

Coefficient andard Err_ t Stat P-value ower 95% pper 95% wer 95.00 " per 95.00

Intercept 11.3614  44.90735 0.252996 0.800761 -77.6718; 100.3946 -77.6718' 100.3946

X Variable. 0.916965 0.310479 2.953392 0.003872. 0.301411. 1.532519 0.301411 1.532519

Page 1
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air LC vs. nuc

SUMMARY QUTPUT ] B
Regression Statistics S - T
Multiple R - 0.200157 - ST h
R Square 0.040063 h
Adjusted  0.031007 .
Standard  6.687233 T
Observati 108 o
ANOVA - o i
: df SS MS F ignificance F
{Regressio - 1. 197.832 197.832 4.423884 0.037806
Residual 106 4740223 44.71908 -
Total 107 4938.065
Coefficient andard Err | Stat P-value ower 95% pper 95% wer 95.00 per 95.00
intercept  67.32518 37.3048 1.804733 0.073956 -6.63525 141.2856 -6.63525 141.2856
X Variable 0.542476. 0.257916: 2.103303 0.037806 0.031132 1.053821 0.031132 1.053821

Page 1
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avg ssd vs huc

[SUMMARY OUTPUT

_R’Legressfon Statistics

Muitiple R - 0.421872.
R Square 0.177976'
Adiusted  0.170221

Standard  4.156015

Total : 107" 2227.283

Observati : 108,
ANOVA : ‘

| df SS MS F ignificance F
Regressio 1' 396.4025 396.4025 22.94997 5.43E-06
Residual 106: 1830.881 17.27246 i

Coefficient .andard Err  t Stat

P-value ower 85% pper 95% wer 95.00 per 85.00

Intercept  34.52433° 23.18437 1.489121

X Variable: 0.767893 0.160291 4.790613

0.139425. -11.441 80.48963  -11.4417 80.48963
543E-06' 04501 1085686  0.4501 1.085686
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SUMMARY QUTPUT

Regression Stafistics

Multiple R 0.689044
R Square 0.474782 -
Adjusted 0.468827
Standard  1.302727

air sc vs, nuc

Observati 108
ANOVA

df SS MS F gnificance F
Regressio 1 162.6172 1626172 9582082 1.67E-16
Residual 106 179.8922 1.897097
Total 107 342.5094

Coefficient andard Err  { Stat

P-value ower 95 pper95 ower 950 pper950%

intercept 76.47288 7.267273 10.52291
X Variable 0.491831 0.050244 9788811

3.7E-18 62.0648 90.88097 62.0648 90.88097
1.67E-16 0.392217 0.581445 0.392217 0.591445
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SUMMARY QUTPUT

Regression Statistics

Multiple R  0.362823
R Square 0.131713
Adjusted  0.123522
Standard 3.343883

avg air LC+SC vs. nuc

Observati 108
ANOVA

df 58S MS F gnificance F
Regressio 1 179.7935 179.7935 16.07948 0.000113
Residual 106 1185245 11.181565
Total 107 1365.038

Coefficient andard Err t Stat P-value ower95 pper 95 ower 950 pper95.0

intercept 71.89803

18.65388 3.854373 0.000199 34.91587 108.8822 34.91587 108.8822

X Variable 0.517154 0.128968 4.009923 0.000113 0.261461 0.772846 0.261461 0.772846
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Density Data for Each Row
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Air-dry Lab Density Grid Analysis
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Gradation Plot for Rows and Columns




5t. John's Gradation Data

Sjeurvt xis

fite:sjeurv xis

Row 1 Percent passing
Sieve Sieve opening Sample
size (mm) | 45 1ix 12x 13x 14x 15x 16x Avg {5td Dev| Max Min Diff
3/4 inch 15.00 376 10000 10000 100.00 10000 100.00 100.00] 100,00 0,00} 100.00 100.00 0.00
1/2 inch 12.50 312 9892 9550 9942 9988 9991 99.80] 99.57 035[ 9991 9892 1.00
3/8 inch 850 275 8414 8377 B584 8741 B757 B632] 8581 1.47| 8757 8377 3.80
No. 4 4.75 2.02 4769 47.01 4749 5267 5237 5279 £0.00 282] 5279 4701 578
No.8 237 1.47 3173 3142 3171 3402 3465 3489 33.07 1.48] 3489 3142 3.47
No, 16 1.18 1.08 2268 2260 2269 2332 2418 2388] 23.24 064] 2418 2260 1.58
No. 30 0.60 0,79 1584 1584 1594 1600 1668 1636} 16.11 031 1668 1584 0.84
No. 50 0.30 0.58 9.85 9.45 8.37 9.57 9.75 8.78 9.63 0.18 9.85 9.37 0.48
No. 100 015 0.43 428 4.48 454 4.80 484 492 464 0.23 492 428 0.64
No. 200 0.08 0.31 3.26 3.42 3.39 3.59 3.48 354 3.45 0.11 359 3286 0.34
100.00 q =
90.00 L\ -
B80.00
70,00 \
N
o 60.00 ] =—={}—average
= \\ —— = maximum
g £0.00 \\\ — — — minimum
£ 4000 A
g g,
o
2 3000 %
20.00 \
10.00 \_
l-'\"CL...._G
0.00
100.00 10.00 1.00 o.10 0.01
size (mm)
100,00 m
90.00 I,Z”
7
80.00 ?'%
70.00 4
r
=] ,’/
£ 60.00 7
a P ~—{—average
- 50,00 -7 :.,/ — == maximum
E 0,00 ///l’,/ = = = MiNimum
@ -
& 3000 -5
-
20.00 /
10.00
[~
D‘.‘B’
0.00
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50

size {mm) 045 power

Sjeurv1.xis




St John's Gradation Data

Sfeurv2.xis

file:sjeurv2. xis

Row 2 Percent passing
Sieve Sieve opening Sample
size (mm) 1 *45 21% 22x 23x 24x 25x 26x Avg |Std Dev| Max Min Diff
3/4inch 19.00 376 100,00 100.00 100.00 100.00 100.00 100.00{ 100.00 0.00| 100.00 100,00 0.00
1/2 inch 12,50 342 9981 9991 9971 9975 99.73 100.00] 99.82 0.10f 100.00 99.71 0.29
3/8 inch 9.50 275 BB34 8258 8654 8404 8815 87.30] 8582 1.82] 88.15 8258 5.57
No. 4 4.75 2.02 43,58 47.11 48.23 47.52 53.11 53.03 49.7¢6 2.46 53.11 47.11 5.99
No. 8 237 147 3260 3148 3177 3144 3483 3492] 3284 1.49]1 3492 3144 347
No. 16 1.18 1.08 2298 22680 2270 2217 2422 24.02] 23.12 0.75] 2422 2217 2,05
No. 30 0.60 0.79 1604 1588 1594 1542 16.72 16.48] 16.08 0.42]1 1672 1542 1.30
No. 50 0.30 0.58 9.59 9.62 9.55 9.21 890 10.20 9.68 031 10.20 9.21 0.99
No. 100 0.15 0.43 4.78 493 4.87 4.69 5.04 5.66 4.99 0.32 5.66 4.69 -0.87
No. 200 0.08 0.31 3.49 354 343 335 364 3.93 3.56 0.19 3.93 335 0.58
3E-14 0 1E-14 -1E-14 o] 0
100.00 u|
90.0¢
£80.0¢ .
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70.00 \
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‘B 60.00 R\Y . —{——average
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g 40.00 NS
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-
S
70.00 - Pld
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£ oo Al
§ (/ {/ —{)— avarage
& 5000 ” ,’,1 — — — maximum
§ 4000 ‘/r‘//" — ~= == minimum
5 ’ ::1’
& 30.00 . :j
P
20.00 j.
10.00
o
o<
0.00
0.00 0.50 1.00 1.50 2.00 250 3.00 3.50
size (mm} 045 power

Sjeurv2.xls



Sjcuw’.-l.)\ds

St. John's Gradation Data file:sjeurv3.xls
Row 3 Percent passing
Sieve Sieve opening | Sample
size {mm) | 445 31x 32x 33x 34x 35x 36x Avg |Std Dev| Max Min Diff
3/4inch 19.00 376 10000 100.00 10000 10000 100.00 100.00[ 100.00 0.00f 100.00 100.00 0.00
1/2 inch 12.50 312 9583 9984 99685 . 9986 100.00 100.00| 99.86 0.12| 100.00 9965 0.35
3/8 inch 9.50 275 B86.47 8192 8559 8373 8638 B6.73f 8514 1.75] 8673 81,92 4.81
No. 4 4.75 202 - 4815 4533 4722 4795 4904 5087 48.09 1.68] 5087 4533 5.54
No. 8 2.37 147 3184 30B0 3174 3168 3291 3367 32.1 0.93| 3367 3080 2.86
No. 16 1.18 108 2258 2223 2272 2225 2326 2328 2272 043] 2328 2223 1.08
No. 30 0.60 079 1577 1589 1595 1546 1825 16.03] 1588 0.25] 1625 1546 0.79
No. 50 0.30 0.58 9.59 9.52 9.60 9.30 9.75 9.62 9.56 0.14 9.75 930 0.45
No, 100 0.15 0.43 4.82 5.09 484 4.78 5.20 5.03 4.96 0.15 5.20 4.78 0.42
No. 200 0.08 0.31 3.48 3.56 3.48 3.51 3.71 360 - 3.58 0.08 3.71 3.48 0.24
-1E-14 0 -3E-14 1E-14 0 1E-14
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Sjeurvd xis

St. John's Gradation Data filersjcurvd s
Row 4 Percent passing
Sieve Sieve opening Sample .
size mm) | *45 41x 42x 43x Adx 45x 46x Avg {Std Dev|] Max Min Diff
3/4 inch 19.00 3.76 100.00 100.00 100.00 100,00 100.00 100.00{ 100.00 0.00{ 100.00 100.00 0.00
1/2 inch 12.50 312 9983 9982 9992 99.66 100.00 99.86] 8985 0.10] 10000 9966 0.34
3/8 inch 9.50 275 8541 8406 BB12 8705 8656 84.72] 8599 1.39| B8B.12 84.06 4.08
No. 4 4.75 202 4829 4732 50.28B 5249 50.65 49.63] 49.78 1.867f 5249 4732 5.17
No. 8 2.37 147 3216 3148 3314 23443 3335 3315 3295 0.93| 3443 3148 2,54
No. 16 1.18 1.08 2275 2260 2345 2362 2341 2327 23.18 0.37] 2362 2260 1.02
No. 30 0.60 079 1593 1596 16.47 1630 1631 16.15] 16.1% 018 1647 1593 0.53
No. 50 0.30 0.58 9.68 9.87 9.92 995 10.06 8.81 9.71 0.42{ 10.08 8.81 1.25
No. 100 0.15 0.43 5.27 5.52 5.08 534 5.57 452 522 0.35 557 452 1.04
No. 200 0.08 0.39 3.61 3.80 3.61 3.75 3.91 3.07 3.63 0.27 3.91 3.07 0.84
1E-14 -3E-14 0 -1E-t4 1E-14 -1E-14
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St. John's Gradation Data

. Sjcurvﬁ.xl\s

file:sjcurvs.xis

Row 5 Percent passing
Sieve Sieve opening | Sampie -
size {mm} | 445 51x 52x 53x S4x 55x 56x Avg [Std Dev| Max Min Diff
3/4 inch 19.00 3.76 10000 100.00 100.00 40000 t00.00 100.00{ 100.00 0.00] 100.00 100.00 0.00
1/2 inch 12.50 342 9986 9982 9972 9978 9958 99.71] 9974 0.09f 99.86 9958 0.28
3/8 inch 9,50 275 B357 7984 86.21 8943 8714 86.34] B5.44 300] 8943 7994 9.49
No. 4 4.75 202 4755 4335 5033 5208 5081 4973 48.98 286] 5208 4335 8.72
No. 8 2.37 147 3180 2977 3312 3398 33.83 3335 3264 147| 3398 2977 4.21
No. 16 1.18 108 2272 2180 2324 2351 2389 2362 23.13 0.63] 2389 2180 2,09
No. 30 0.60 079 1592 552 1620 1625 1658 1650| 16.16 0.36{ 1658 1552 1.06
No. 50 0.30 0.58 961 9.36 9.16 986 1012 1017 8.71 0.37] 1017 9.16 1.00
No. 100 0.15 0.43 5.09 4.77 4.64 549 5.37 556 515 0.35 5.56 4.64 0.92
No. 200 .08 0.31 362 338 330 a7 377 382 3.61 0.22 392 330 0.62
0 0 o] 0 ¢ 0
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Sicurvé xis

St. John's Gradation Data file:sjeurve. s
Row 6 Percent passing
Sieve Sieve opening Sample
size (mm) | 45 6ix 62x 63x 64x 65x 66x Avg |Std Dev| Max Min Diff
3/4inch 19.00 3.76 100.00 100.00 100.00 100.00 100.00 100.00( 400.00 0.00] 100,00 400.00 0.00
1/2 inch 12,50 312 99.33 9942 9993 10000 9311 59,50 99.62 0.34] 100.00 99.11 0.89
3/8 inch 9.50 275 8243 B80S0 8774 6569 8534 8592 8§1.33 7.35] 87.74 6569] 22.05
No. 4 475 202 4653 4342 5112 5442 5019 51.40( 49.51 3.68] 5442 43.42] 11.00
No. 8 2.37 1.47 31.17 29.81 3350 3497 3367 33986 32.85 177 3497 2981 5.16
No. 16 1.18 1.08 2225 2184 2345 2396 2379 2367 23.1¢ 081] 2396 21.84 2.12
Na. 30 0.80 079 1585 1556, 1636 1647 1663 1639 16.18 0.41{ 11663 15.56 1.07
No. 50 0.30 0.58 9,65 9.59 9.18 9.89 10.06 9.99 9.73 0.30{ 10.06 9.18 0.88
No. 100 0.15 0.43 5.16 522 4.70 5.08 -5.20 5,26 5.10 0.19 5.26 4.70 0.55
No. 200 0.08 0.31 366 3.60 an 357 370 369 3.59 0.13 3.70 A 0.39
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sjcolumn-cun\re.xls 8M1/97
St. John's Gradation Data far Each Colurnn file;sjcolumn-curve xis
Sieve Sieve opening _|Percent passing
size {mm) | *45  [column 1 column 2 column 3 column 4 column 5 column B Avg |Std Dev; Max Min Diff
34 inch 19.00 376 100.00 100.00 100.00 +100.00 100.00 100.00| 100.00 0.00| 100.00 100.00 0.00 ‘
1/2 inch 12.50 312 9960 89972 9972 9982 9972 8988 9874 0.09] 9988 99.60 0.28 3
3/8 inch 8.50 275 B472 8219 8664 8283 8686 B6Z22] B4.92 182 8686 8219 4,66 ‘
No. 4 475 202 4796 4559 4911 5119 51.03 51.24] 49.35 208{ 5124 4559 5.65 i
No. 8 2.37 147 3188 3080 3250 3342 3387 3389 3274 116| 33839 30.80 3.20
No. 16 1.18 1.08 2266 2228 2304 2344 2379 2364 23.09 0.52 2373 2228 1.51
‘No.30 0.60 079 1586 1574 1614 1598 1653 1632} 16.09 027{ 1653 1574 0.79
No. 50 0.30 0.58 9.66 9.57 9.46 863 9.94 9.76 9.67 0.15 9.94 9.46 047
No. 100 0.15 0.43 4.90 5.00 4.78 5.03 5.20 5.16 5.01 0.14 5.20 478 0.42
No. 200 0.08 0.31 352 3.55 342 358 3.70 3.62 3.57 0.09 70 342 0.28
100.00 q
90.00
80.00
\
70.00 A
? \
= 6000 I\ —{O— avarage
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o - P4
S 6000 W
o P ¥ /’ ———average
5 spoo L — — — -maximum
e P -
a ,//‘ - = smENiMUM
£ 4000 /,/
Q. o
20.00 P el
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- Gradation Grid Analysis
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