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Abstract B

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, MBITSEG1 and MBITSEG2, 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 2.544%10' 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 pm

1 inch square, in’

1 foot square, fi’

1 yard square, yd®

I mile square (U.S.)

1 pound mass, 1bm or 1b
1 ton =2000 Ib
1 slug

1 pound-force, 1bf
1 ton-force

1 pound per square inch, psi
1 kip per square inch, ksi
1 pound-force/square foot, psf

1 pound-mass per cubic foot, pcf
For asphalt overlays

100 pounds per square yard
170 pounds per square yard

6.472x10* mm® = 6.472 cm? = 6.472x10* m?

929.03x10%> mm? = 929.03 cm? = 929.03x 10" m?

8361x10* mm® = 8,361 cm® = 8361x10* m?
2.5889%x10° m? = 2.5889 km?

0.4536 kg = 0.4536x10° g
907.2 kg = 907.2x10° g
14.59 kg = 14.59x10° g

4,448 N =4.448x10° kKN
8,896 N = 8.896 kN

6,895 Pa=6.895 kPa
6,895,000 Pa = 6.895 Mpa
47.88 Pa=47.88x10° kPa
16.018 kg/m’

about 1 in
about 1.5 in




Nuclear Density Grid Analysis
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Regression Analysis between
Nuclear and Lab Density
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MSKUNIF1.XLS

SUMMARY QUTPUT |

E 5 i :
! i : I |
Regression Statistics | |

Multiple R | 0.689417 ; | r E
R Square | 0.475295 ! [ ! ‘: -
Adjusted | 0.470345 i | i
Standard | 2.286665 |
Observati 108 5
i {
ANOVA ?
i dfi | 88 | MS | F ignificance F
Regressio | 1| 502.0642! 502.0642| 96.01835| 1.59E-16
Residual 106| 554.2566! 5.228836
Total ! 107| 1056.321!

1 S 1 : g l [
Coefficient landard Erri ¢ Stat  : P-value - ower 95%| pper 95%\wer 95.00 | per 95.00
intercept = 79.37763: 7.033684; 11.28536] 7.12E-20| 65.43266{ 93.3226| 65.43266! 93.3226

X Variable: 0.485467! 0.049543( 9.798895| 1.59E-161 0.387243] 0.58369! 0.3872431 0.58369

ssd sc vs. nuc
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MSKUNIF1.XLS

SUMMARY OUTPUT |

X

T?egression Statistics |

Muitipie R | 0.667893]

R Square | 0.44608/ ! I

Adjusted = 0.440855

Standard | 2.215304] g

Observati 108! '
i

ANOVA *

4‘ df i 88 MS F lignificance F

Regressio | 1| 418.9277 418.9277. 85.36352| 2.89E-15

Residual 106| 520.2027  4.907573

Total s 107] 939.1304

|

t

Coefficient \andard Err t Stat

P-vaiue | ower 95%| pper 95% wer 95.00 : per 95.00

Intercept

| 85.73453 6.814182 12.58178. 9.27E-23

72.22475

09.24432] 72.22475! 99.24432

X Variable| 0.443455! 0.047997 9.239238! 2.89E-15

0.348296

0.538613! 0.348296| 0.538613

air sc vs. nuc1
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MSKUNIF1.XLS

SUMMARY OUTPUT

1

Regression Statistics

Muitiple R | 0.160716 !
R Square : 0.02583 ;
Adjusted : 0016372
Standard | 1.24652 |
Observati | 105
|
ANOVA
. a1+ 88 + MS F lignificance F
Regressio | 11 4.243448| 4.243448; 2.730991| 0.101463
Residuat 103| 160.04271 1.553812
Total 104i 164.2861| f
‘ i i : j
Coefficient (andard Erri_ { Stat - P-value | ower 95%I| pper $5%|wer 95.00 | per 95.00

Intercept ' 140.5092

3.91163| 35.92088i

4.5E-60[ 132.7514

148.267

132.7514

148.267

X Variabie: 0.045488

00275251 1.8525711

0.101463|

-0.0091

0.100078

-0.0081

£.100078

E

]

t
!
|

ssd Ic vs. nuc1
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MSKUNIF1.XLS

SUMMARY QUTPUT | - i
§ 1 |

Regression Statistics | ' '

Muitiple R | 0.106281
R Square | 0.011296
Adjusted | 0.001696
Standard | 1.235799
Observati 105
§
ANOVA |
! d | 88 MS F lignificance F
Regressio | 1| 1.797106 1.797106: 1.176733| 0.280555
Residual | 103| 157.3015: 1.527199i

Total 1 104, 159.0986
: E E
Coefficient \andard Err t Stat P-value | ower 95%!| pper 95%lwer 95.00 | per 95.00

Intercept | 143.2333] 3.877986° 36.93497 3.14E-61] 135.5423| 150.9244] 135.5423| 150.8244

X Variable | 0.029602| 0.027288' 1.084773: 0.280555| -0.02452] 0.083723| -0.02452] 0.083723

. i

air Ic vs. nuc1
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MSKUNIF1.XLS

SUMMARY OUTPUT |

; % i

Regression Statistics |

Multiple R | 0.658555 ; [
R Square | 0.435013 |

Adjusted | 0.429528] i

Standard | 1.320884 | |

Observati | 105 E

|
ANOVA !

i df I 88 1 MS T F ignificance
Regressio | 1] 138.3665| 138.3665| 79.30515] 2E-14
Residual 103/ 179.7077| 1.744735
Total

104! 318.0742]

t

Coefficient |andard Er7|

t Stat | P-value | ower 95% pper 95%iwer 95.00 | per 95.00

intercept

C110.77411 4144987 26.72484

3.87E-481 102.5535

118.9947 102.5635! 118.9947

X Variable | 0.259747! 0.029168| 8.905344

|
i

2E-14!  0.2019

0.317584| 0.2019! 0.317594

i
}

t

E

i
i i

avg ssd sc+ic vs. nuct
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MSKUNIF1.XLS

SUMMARY OUTPUT |

Regression Statistics !

Muitiple R | 0.623102!
R Square | 0.388256!
Adjusted | 0.3823171
Standard | 1.292619|
Observati 105!
|
ANOVA ! N
i df | 88 MS F ignificance F
Regressio 1] 108.2263 109.2263: 6537118 1.26E-12 ‘
Residual 103] 172.099. 1670864 !
Total 104| 281.3253:
! | | I
Coefficient |andard Err._{ Stat P-value | ower 95% pper 95%Iwer 95.00 | per 95.00

intercept | 115.3182!

4.05629 2B.42948: 1.45E-50

107.2735

123.362981 107.2735

123.3625

X Variablei 0.23078! 0.028543. 8.085244: 1.26E-12

0.174171

0.287389

0.287388| 0.174171

avg air sc+ic vs. nuci
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MSKUNIF4.XLS

SUMMARY OUTPUT ! |
!

Regression Statistics |

Multiple R | 0.7813563]

R Square | 0.610528| §
Adjusted | 0.606853| ;:
Standard | 1.970078| ’
Observati | 108| ;
E
ANOVA § ! |
i df i S8 1 MS F ignificance F
Regressio | 1] 644.913| 644.913| 166.163| 1.94E-23
Residual 106/ 411.4078| 3.881206]
Total ! 107! 1056.321! !
‘ | i | |
Coefficient andard Errl_t Stat . P-value | ower 95%, pper 95% wer 95.00 per 95.00
Intercept - 17.95595! 10.11085| 1.775908| 0.078617| -2.08981! 38.00171| -2.08881| 38.00171
12.89042; 1.94E-23| 0.764791) 1.042807| 0.764791| 1.042807

X Variabie: 0.903799! 0.070114

1
i

i
i

ssd sc vs. nucd
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MSKUNIF4.XLS

SUMMARY OQUTPUT

| |

Regression Statistics |

Muitiple R | 0.758879! : E
R Square | 0.576049] '

Adjusted 0.57205|

Standard | 1.938062] |

Observati | 108|

5 |
ANOVA | ]

i d i 88 MS F lignificance F
Regressio | 11 540.9853. 540.9853. 144.029] 1.79E-21
Residual ! 106! 398.1451' 3.756086:

Total | 107 939,1304: | E

| : \ i E
Coefficient 1andard Err t Stat P-value | ower 95%| pper 95%iwer 95.00 | per 95.00
Intercept |  29.312 9.946544 2.946953' 0.003947 9.592| 49.03201 9.592| 49.03201
X Variable| 0.827778! 0.068975' 12.00121! 1.79E-21| 0.69103| 0.964527) 0.69103! 0.964527

i ! : |

;
E

air sc vs. nucd
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MSKUNIF4.XLS

SUMMARY QUTPUT

|

Regression Statistics !

Multipie R | 0.134476/
R Square | 0.018084 |
Adjusted | 0.008551 |
Standard | 1.251466
Observati 105
5
ANOVA | i
| df 8§ MS | F_ Jjignificance F
Regressio | 11 2.9709] 2.9709! 1.896924| 0.171409
Residual | 103| 161.3152| 1.566167
Total | 104| 164.2861
| ! 5 i | i
Coefficient |andard Erri { Staf - P-value | ower 95%| pper 95% wer 95.00 | per 95.00
Intercept . 137.8175| 6.646634| 20.73493] 1.5E-38] 124.6355| 150.9995| 124.6355! 150.9995
X Variable| 0.063435| 0.046058| 1.377289! 0.171409! -0.02791| 0.154779] -0.02791! 0.154779

|
i

ssd ic vs, nucd
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MSKUNIF4.XLS

SUMMARY OUTPUT i

{ ]
T'\’egression Statistics | !
Muitiple R | 0.088421 ;
R Square | 0.007818 ;
Adjusted | -0.00181
Standard 1.23797
Observati 105 ;
ANOVA a

! df i 88 MS F ignificance
Regressio 11 1.243879! 1.243879' 0.811629| 0.369741
Residual 103 157.85471 153257,
Total | 104} 159.0986! :

Coefficient tandard Err t Stat

P-value | ower 95% pper 35%iwer 95.00 | per 95.00

Intercept : 141.5188/| 6.5749561 21.52343; 6.58BE-40| 128.4758| 154.5555| 128.4758| 154.5555
X Variable | 0.041046] 0.045561! 0.900905i 0.369741| -0.04931| 0.131406, -0.04931| 0.131406
1 .
air Ic vs. nucd
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MSKUNIF4.XLS

b
i

SUMMARY OUTPUT
T
|
Regression Stalistics
Multiple R | 0.732436
R Square | 0.536463
Adjusted | 0.531962
Standard | 1.196432
Observati 105
|
ANOVA
i g+ 88 | MS | F lignificance F
Regressio 1] 170.6349| 170.6349] 119.2043] 6.75E-19
Resjdual | 103| 147.4393] 1.431449
Total é 104} 318.0742 |
i | E 1 |
Coefficient landard Err] _t Stat : P-value | ower 95% pper 95%\wer 95.00 | per 95,00
Intercept : 78.30333| 6.354343] 12.3228/ 5.51E-22] 65701 90.90566 65.701{ 90.90566
X Variable | 0.480748/ 0.044032] 10.91807 6.75E-19] 0.39342] 0.568075, 0.39342] 0.568075

T
|
]
|

avg ssd sc+c vs. nucd
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MSKUNIF4.XLS

SUMMARY OUTPUT |

Regression Statistics i

Muitiple R | 0.698162
R Square | 0.487431 |
Adjusted | 0.482454 :
Standard | 1.183211
Observati 105| |
ANOVA
df | 8§ MS F ignificance
Regressio 1] 137.1267 137.1267! 97.9485| 1.25E-16
Residual 103! 144,1987. 1.399987!
Total 104| 281.3253. 3
f %
Coefficient iandard Err.  t Stat . P-value | ower 95%i pper 95%|wer 95.00 | per 95.00
Intercept | 85.915651 6.284124: 13.671861 6.94E-25| 73.45258| 98.37871| 73.45258! 98.37871
X Variable| 0.4309671 0.043546: 9.896893] 1.25E-16| 0.344605| 0.51733 0.344605] 051733
i f
j

avg air sc+lc vs. nuc4
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SUMMARY OUTPUT

I
Regression Statistics
Multiple R | 0.810704
R Square ;| 0.857241
Adiusted | 0.654008
Standard | 1.597791
Observati 108
ANOVA

df S8 MsS F ignificance F

Regressio 1} 518.8979; 518.8979| 203.2554]| 2.15E-26
Residual 106, 270.6112, 2552936
Total 107, 789.5092

Coefficient |andard Erri t Stat | P-value | ower 95% pper 95%|wer 95.00 | per 95.00
Intercept | 74.14659 4.914737| 15.08658] 3.8E-28| 64.40264| 83.80054| 64.40264] 83.88054
X Variable | 0.493538| 0.034618| 14.25677| 2.15E-26] 0.424905| 0.562171| 0.424805| 0.562171

nucilear 1 vs. 4




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




. Mucurv1.xds

Muskegon Uniform Gradation Data

fita:mucurvi. s

Row 1 Percent passing
Sieve Sieve opening | Sample ‘
size {mm) | *45 11x 12x 13x 14x 15x 16x Avg |Std Devi Max Min Diff
3/4 inch 19.00 376 100.00 10000 9959 100.00 10000 99.35] 99.82 0.26] 100.00 89.35 0.65
1/2 inch 1250 312 8848 8771 9050 8839 9100 89.34| 89.30 1.26] ©1.00 87.7M1 3.28
3/8 inch 9.50 275 7252 T167 7348 7355 7525 7328| 71329 108 7525 7167 3.57
No. 4 4.75 202 4898 5048 5062 4875 5186 49.48| 60.03 108 5188 4875 an
No. 8 237 147 3841 3826 3960 3809 4111 3911} 39,27 087 4111  38.09 3.02
No. 16 1.18 108 2867 2817 2983 2876 31.31 2949 29.50 0.88] 3.1 2867 2.64
No. 30 0.60 073 1948 19,80 2023 1968 2157 20.08| 20.14 0.68| 2157 1948 2.09
No, 50 030 0.58 953 1015 958 1010 1078 9.80| 10.01 041 1078 9.58 1.20
No. 100 0.15 0.43 4.64 5.02 3.88 4717 5.35 4.58 4.7 0.45 5.35 3,88 1.47
No. 200 0.08 031 297 3.20 2.59 3.07 373 297 3.08 0.34 3.73 2.58 1.14
100.00
50.00 £
a0.00
70.00 Y
[=]
% 60.00 ) —={}— averags
[ —— = maximum
2 5000 = — = = minimum
] B
L 4000
a \
30.00
20.00
10.00 .‘“ﬁ'
0.00 (=0
100.00 10.00 1.00 0.10 0.0t
size {mm)
+00.00
90.00
80.00
70.00
o
£ 6000
E /’ -~—{—averaga
= 50.00 == w = — maximum
@ - — - TR
E 40,00 - = minimum
=% W
30.00
/3‘
20,00
10.00
0.00 o
0.00 0.50 1.00 1.50 2.00 250 3,00 .50
size {mm) 0.46 power

Mucurvt . xis




Mucurv2. s

Muskegon Uniform Gradation Data file:mucurv2 xs

Row 2 Percent passing
Sieve Sieve opening | Sampie
size {mm) | *~45 21x 22x 23x 24x 25x 26x Avg |[StdDev] Max Min Diff

4 inch 18.00 376 10000 100.00 100.00 100.00 10000 100.00( 400.00 0.00; 100.00 100.00 0.00
1/2 inch 12.50 312 8882 8600 8939 S005 8742 88.09 886.29 133 5005 86.00 4,04
3/8 inch 2.50 275 7106 6980 7004 7235 7487 70.12] 74.38 1.78| 7487 69.80 507

No. 4 475 202 4852 4818 4736 4861 5231 47.86] 48.91 1.84] 5281 47.36 5.54
No. 8 2,37 147 3823 3756 3I767 3IBI5S 4228 3852} 38.77 1.81] 4228 3758 4,72
No. 16 1.18 1.08 2887 2804 2859 2907 3189 2981} 29.38 1.24; 3188 28.04 3.86
No. 30 0.60 079 1568 19.05 1571 2000 2161 2050f 20.09 080 2161 19.05 2.58
No. 50 0.30 0.58 10.09 9.59 894 1023 1077 9.80] 10.09 0.36f 10.77 9.59 1.18
No. 100 0.15 0.43 4.30 450 4.69 4.88 5.06 4,52 4.66 0.25 5.06 4.30 0.76
No. 200 0.08 0.31 288 2.80 3o 3.10 3.16 2.86 297 0.13 316 2.80 0.38
100.00
40,00
80.00
70.00
g ' \\\\
‘B 60.00 A —{O—average
| \:‘ e am = mAXITUM
& 5p.00 W -
- " o = = — minimum
§ 40.00 s
g A\
30.00
3
o \
10.00 : S
0.00 -0
100.00 10.00 1.00 0.10 0.04
size (mm)
100,00
50.00
7
80.00 .
70.00 L 0 ,’
o 7
E  s0.00 P —
Iﬁ _/// —O—average
= 50,00 ,'-“J’I — e e EKIMUM
s 4000 P — = — minimum
u . > .
g P
. -N L
n.00 e
P’
20.00 /
10.00 v
0.00
0.00 _ 0.50 1.00 . 1.50 2.00 .50 3.00 as50
size (mm} 0.45 power

Mueurv2.xis
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. Mucurvd.ds

Muskegon Uniform Gradation Data fiie:mucurv3. s
Row 3 Percent passing
Sieve Sieve opening | Sample
size {mm) | *45 31x I 3 34x 35x 36x Avg |Std Dev| Max Min Dift
3/4 inch 19.00 3.76 100.00 100.00 100.00 100,00 100.00 99.43 99.92 0.13] 10000 9949 0.51
172 inch 12.50 312 8156 8960 8971 8868 B8BO2 8450| 87.16 a.06{ 8971 B156 8.15
3/8 inch 8.50 275 6202 7131 7308 6914 7198 6BO7! 69.27 368 73.09 6202 11.07
No. 4 475 202 4063 4792 4928 4497 4843 44.48] 4585 296| 4928 4063 8.65
No. 8 237 147 3318 3823 39.02 3619 3831 3604| 3683 1.87| 3802 3318 5.83
No. 186 1.18 108 2628 2922 2987 2821 2933 2824 2852 1.47| 2987 2628 a.59
No. 30 0.60 079 1863 2024 2067 1875 2035 19.62| 19.98 0.66; 20.67 18.63 2.04
No. 50 0.30 0.58 973 1035 1069 1015 1026 9.88] 10.18 0.31] 1069 973 0.85
No. 100 0.15 0.43 4.63 454 4.95 485 4.82 4.78 4.85 0.12 495 4.63 0.32
No. 200 0.08 0.31 2,99 3.02 321 3.14 3.09 3.07 3.09 0.07 an 2,99 0.22
50.00
80.00
1\
70.00 j‘\
\]
o 6000 AR\
I3 VAL
w [ —0O—average
u 50,00 A, = =~ — maximum
a \
E 240,00 \i‘\\ — == = Rinimum
o S ™
] SNy
a 0.00 iy
3 Az
20.00 ~
10,00 _\u-_
0.00 -
£00.00 16.00 1.00 0.10 0.01
size {mm)
90.00
f
80.00 by
P "1
70.00 L
-~ Vi
P /.t
w 60.00 L -
£ =
g s /5;; 2] —O—everage
- - - i
0o _ ’7‘ P = = = maxmum
] ' P T — e = MNiMUM
£ Lo ,:%E...
ol
J’
20.00 Cad
10.00 o
0.00 rﬂ‘
0.00 0.50 1.00 1.50 2.00 2.50 3.00 350

size {mm} 0.45 power

Mucurv3.xis




Muskegon Uniform Gradation Data

Mucurvd. xis

file:mucurvd xis

Row 4 Percent passing
Sieve Sieve opening | Sample
size (mm) { *45 41x 42x 43x 44x 45x 46x Avg |Std Dev{ Max Min Ditf
3/4 inch 18.00 376 10000 100.00 100.00 100.00 100.00 100.00[ 100.00 0.00; 100.00 100.00 0.00
172 inch 12.50 312 B515 8479 B571 B690 8826 B6.85] 86.28 118| 8826 84.79 348
3/8 inch 9.50 275 6551 6355 8400 6917 7170 70260 67.37 315 71,70 6356 8.14
No. 4 4.75 202 4488 4094 4244 4617 4840 47.18] 4500 261 48.40 4094 7.48
No. 8 2.37 1.47 3667 3340 3426 3725 3872 38.16| 36.41 195 38.72 33.40 532
No. 16 1.18 108 2875 2639 2722 2853 2972 2052 28.42 1.21] 2972 26398 332
No. 30 0.60 079 2009 1882 1942 2002 2079 20.42] 15.83 0.64| 2079 18.82 1.96
No. 50 0.30 0.58 9.60 982 1009 959 10.25 9.95 9.88 0.24| 1025 9.59 0.66
No. 100 0.15 0.43 3.82 472 4.30 4,68 4.89 4.79 4.50 0.34 4.79 3.82 0.97
No. 200 0.08 0.31 273 3.03 29 2.99 3.00 317 2.97 0.13 317 273 0.44
80.00
80.00 i,
70.00 : Y
o 6000 \ i
% \\\ ~—{—average
]
s 50.00 \\'\ ——— maximum
E 0,00 o "\‘ —— e pinimum
£ SR
L] SN
2 3000 \.ﬁa
)
20.00
10.00 _\.
0.00 —0
100.00 10,00 1.00 0.t0 0.0
size (mmj)
80.00 -
| i
80.00 !
LS
70.00 il
. £
l” ,l
o 6000 D Wdlis
£ plg P <
E 50.00 ’,’, - ~—C}—average
S‘ — ’/’ = = = maximum
E 40.00 = ’_ﬁ: = - — minimum
& o :ﬂfﬁ'
-
o
20,00 / ,
10.00 -4‘7 l
0.00 :
0.00 0.50 1.00 150 2.00 250 3.00 350
size {mm) 0.46 power

Mucurvd xis




MucurvS.xis

Muskegon Uniform Gradation Data fite:mucurvS.xis
Row § Percent passing
Sieve Sieve opening | Sampie
size {mm) | 445 51x 52x 53x S4x 55x 56x Avg }Std Dev| Max Min Diff

3/4 inch 19.00 376 9855 9934 10000 9953 9959 100.00| 95.50 0.49| 100.00 9855 1.45
12 inch 12.50 312 8378 7763 6172 6641 8812 8535 8384 3.42| B8.12 7763 1049
318 inch 9.50 275 6519 5773 6364 6698 7030 6662{ 6508 3.86; 7030 57.73| 1258

No. 4 4.75 202 4488 39.06 4337 4405 4623 44.498| 4368 2.24| 4623 3906 7.47
No. 8 237 147 3662 3257 3509 3571 3721 36.16| 35.56 1.48| 37.21 3257 4.64
No. 16 1.18 108 2854 2586 27.38 2792 2905 28.42] 2786 1.04] 2905 2586 3.19
No. 30 0.60 079 1980 1839 1944 1956 2064 19.89] 19.62 0.67; 2064 18.39 225
Na. 50 0.30 0.58 9.08 947 953 9686 1063 9.55 9.69 0.48| 1062 9.08 1.55
No. 100 0.15 0.43 367 8.00 453 471 512 4.62 511 1.37 8.00 3.67 4.33
No. 200 .08 0.31 256 2.94 2.96 3.05 3.3 3.04 2.98 0.22 .3 2.56 0.76
80.00 .
£0.00 r‘\‘
§
70.00 “ A
[1a)
= 6000 : :k\
% —-D—BVGFBQB
E_ 50.00 — — — maximum
[ = = mifimum
5 4000
g
& 000
20.00
10.00
0.00
100.00 10.00 1.00 0.10 0.01
size {mm}
80,00
i
80,00 I'/;l
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70.00 4
I;c/ If
-
o 6000 L4
/
E /// e -~
-3 50.00 = = - —iJ—average
] %4 - = = = maximum|
& 4000 e — — = minimuen
8 P e
30.00 el
=
27
2000 -
10,00 /
' % >
0.00
0.00 0.50 100 1.50 200 250 200 350
size {(mm) 0.45 power

Mucurvs, xis



Mucurvs xis

Muskegon Uniform Gradation Data ﬁEe:.mucurvS.xls
Row & Percent passing
Sieve Sieve opening | Sample
size {ram) | 245 61x 62x 63x B4x 65x . 66x Avg §Std Dev| Max Min Diff
3/4 inch 15.00 376 9942 10000 100.00 10000 100.00 100.00| 99.90 0.22] 100.00 9942 0.58
1/2 inch 1250 312 8194 8588 8580 BSOS 9010 8257| 8564 2.73; 9010 8194 8.18
3/8 inch 9,50 275 6068 6B26 6962 6854 7130 60.09] 66.42 4.38; 7130 60.09f 11.22
No. 4 4,75 202 3988 4566 4757 4634 4637 3919 4417 333 4757 39.19 8.37
No. 8 2,37 147 3286 3718 3817 3755 3738 3202 3586 2.45| 3817 32.02 6.15
No. 16 1.18 108 2611 2921 2961 2927 2020 2558} 28.16 185 2961 2558 4,03
No. 30 0.60 079 1848 2032 2077 2021 2067 18.28[ 19.79 1.02; 2077 18.28 249
No. 50 0.30 0.58 8,87 1013 1030 571 10.79 5.61 .80 0.60; 10.79 8.87 192
Na. 100 0.15 0.43 4.22 4.75 4.71 4.47 5.13 4,59 4.64 0.28 5.13 422 0,92
Nao, 200 0.08 0.31 2,70 3.08 3.05 293 333 2.87 2.99 .18 3.33 2,70 0.63
100.00
80,00 T
80.00
\
70.00 W
2 R
W 6000 \ \\ —O-— average
g 50.00 \\ \Y - m-aﬁmum
‘E 3 Y o me T IETIUT
@« .
£ 000 \\""_
: B
20,00 \":Q
N
20.00 31*
10.00 \_&
0,00 =2
100.00 10.00 100 o.10 0.01
size {mm)
100,00
80.00 7
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80.00 -4/13
A
/I £
70.00 -
2 Lo
¥ 60.00 L ,,'/
<] - - —O-—average
£ 5000 _/’4’ — — — maximum
§ 4000 ,-—"” ,’, —— = minimum
] BT s
30,06 St A
" -
"
20.00 -’gé
10.00 [
0.00 o
0.00 0.50 1.00 1.50 2.00 2.50 3.00 350
size fmm) 0.45 power

Mucurvs.xis



mt\.lcolumn-curve.xis

Muskegon Uniform Gradation Data for Each Column fite:mucolumn-curve.xis
Sieve Siave opening Percent passing
size {mmj | 245 Jcolumn 1 column 2 column3 column 4 column 5 column 6) Avg |Std Dev] Max Min Diff

3/4 inch 18.00 376 9966 9989 9993 9392 9393 99.B1| 95.86 0,10} 9993 9966 0.27
112 inch 12.50 312 8495 8527 6721 8789 8897 68612 86.73 143; 88.87 8495 4.01
378 inch 8.50 275 6616 6706 6898 6395 7257 6807 68.80 2.08| 7257 6616 640

No.4 4.75 202 4463 4537 4677 4648 4903 4545] 46.29 142 49.03 4463 4.40
No. 8 237 147 3600 3637 3730 37149 3917 3667 3r.12 102 3317 36.00 R} 4
No. 16 1.18 108 2787 2798 2872 2B69 3008 28.5t| 28.64 0.72| 3008 2787 222
No. 30 0.60 078 1936 1944 2004 1987 2094 1880 19.91 0.82| 20594 1936 1.68
No. 50 0.30 0.58 9.49 292 {0.02 994 1058 9.80 898 033| 1058 9.49 1.09
No. 100 0.15 0.43 4.21 532 451 474 5.03 465 4,74 0.36 §32 4.21 1.1
No. 200 0.08 0.31 2.81 3.0t 2.96 305 327 3.00 3.01 0.14 327 2.8t 0.48
90.00
80.00 %-
70.00 w\
R\
T 500 \\ .
B \! —{—eaverage
g 5000 X — = — maximurm
= NS — = — sminimum
& a0 o)
& >
a 30.00 1N
20.00
10.00 \‘ﬁ-
0.00 ~a
100.00 10.00 1.00 0.10 0.01
size (mm)
90.00
80,00
7000
E 60,00 ” .
H ol
B 5000 /‘? G —D—avar.aga
* T ) = mAXIMUM
& 4000 —~ S — — — minimum
5 o %
il
20.00 /,
10.00 =
0.00
0.00 0.50 1.00 450 200 250 3.00 350
size (mm) 0.45 power

mucolumn-curve.xls
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Gradation Grid Analysis
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