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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, 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 cotrelate most closely with air-dry lab density measurements
for the surface course.
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Gradation Plot for Rows and Columns



SIEIS 1M U

%90°L %8.°0

61.519° oLl

[wos0 [eevt  [everr |zvevt

%VE’l 0L0¢ LG'6VL
%EG} 86C°C L¥'0SL
%180 S6l'L LE8bi
%680 Ze0’lL £€9'ari
%<0 81zt 8°8¥]
%950 9E80 T A4

uolele, uonemaq
. jo ysod plepuels abeloay

~ -

sbesany mofeg pue oAoqy 1000 | | ho_mu ;

%620 %280 %980 %820 %) [%L90 |[1easo yson
ger0  |o6zL €871 GhLL G16°L L1160 ‘A8Q PIS
vO8vL [628bL  leesvl  [9272%L  [L20sL  [z26vL  |eBeseny
L'l 1051 vz £ vl AT 8'8bL b
GivlL 7051 ZeblL 8'6v1 €61 A 4
berl  [vivl L6 5ol Z6vl 061 €
L8¥l Lyl v6bL o] Z6¥L  |l6bL 4
Z8yl 08l gerL  |Sipl 9051 1051 $
L8l Z'6v) 1061 £8pl g6kl |L6vL 9
Moy

_ 9 S 2 £ z ! uwned

EXXZxx"}xx sjdwes jo sbeieae ‘Jyblom Jun jesppnu Ui |
96/61/.
ETL-N

:uwopduasag
:ajeq
:uopeao

9661 sunf YIopm 4L

92ua)[33x3 Jo Jajua) Yaueasay Juawaned - A)sivaiun aje)s uebjyony
Jaayspeasdg sishjeuy uoebaibag Juawaaey

STX'OAVIEZIN



ydeisy 1 nun

Wbem yun

unoo

WBrom yun

arl
vl
mos vl

6¥1

15}

[Ty

z

[~}

[i'd
yBiam jun

€5t
14°13
SG1

0SLk

(4435

uwn|os

WBom nun

suoneao] £ Jo ebeleay ‘Aysuaq seepony uiw | :uopduasaq

STXOAVIEZIN

96/61/.  :oeq
£24-W  :uoneso




Bleq pIs

00’} 6ELO LL2°0 8180 ¥18°0 IZL°0 Gzl 72850 ‘Aag PIS
6060 00°0 000 cL0 | {A'S 6¥ 0 68°0- 860 8E0 abesany
9/Z'L 9z'0 £6°0- LS0 104 6L°1L- 62'L 62’0 i
65%'L 6.0 80°L- 080 000 B8E0 ¥ie ov'L Z
850 ¥G0- 0L0 43 A0 29°L- 000 60°0- ¢
GG9°0 tE0- 8c'0- 66°0- FA N LEL- 200 A1) 1 4
€L2°0 610~ L9°0- vL O L2 0 vO'L- 160 LS0 ]
LESO 00 0L'0- 00 65°0 £SO A vE0 9
moy
uoltelxsq 9 S v £ z 1 uwnjod
plepuels abeleny san|ep pazipJepuels
a Lo_oo U ExXxZXx'Lxx ajdwes jo abelear Wybom pun seapnu uiw 1| juopdusseqg
. .Lmo_w!\“ 96/64/4 :o1eq
afelany mojag pue aA0Qy JOjOD) ﬁ —. L_m._mm J . £zZi-iy | 'uoneson
80U9||99X3 o JA)ua) YIIeasay JUatudAR - A)SIaAIuN 9jelg uebiyow
9661 3uni* JIop J L jaayspeaidg sisjeuy uvonebaibag Juawanaed

STXONVIECIN



wbam nun

-]
B
a3
a
8
a
N
1]
[= 9

00°€- |

oo'e-

oo'L-

000

00l ¢

00z

00e

ydeio pig

uwnjo?

SON|EA Paziplepue)s

£xx'zxx'}xx aydwes jo aberoAe Wybrem yun 1esionu uy |

SIXOAVIEZLW

wbi1am yun
pezipjepues

oog-
ooe

oo'L-

oo ¢

ool

0o'e

ooe

uwnjos

sSanjeA paziplepuelg

96/61/7
gci-i

ruonduasag
:e)eq
‘uoneso




VAONY

[ isan [ | ¢juatag 69v2.06'98 :lejol
£55°) 0€ L8PLEES O  iSUWN|OD UM
LE0SL00°0  VSGEES'Z BYLEL'S  £90°8 S 886G7LEOF :SUWN|OD usamieq
qoud TTE ] 4 adueLeA P bs wng
LE8PZ 8115/5') JANGT! Bjep e
6LE'6 6LL9 wns
0610 9eb0 viZ) N vo'gyl 9
£99'} 062’} 6ELD 1E0- 6.8yl S
9r9'L £82'L 986°0 L0 E66FL ¥
ZIE'L SpLL 8.6°) bL- 8l’ivl €
199°€ GL6'L Z8E'Z ¥S'1 L2051 2
080 1160 6SE0 09°0 L16vL L
IoueLIEA mEm_m Zv Hia ueaw n..._..m omm._ﬂ>< uumion
wogy g

EJEP ULUNJOD UO adUBLIEA JO SISAjBUB ABM-aUQ

29UQ[|99XT JO 18JUID YIIRISOY JUBWIAAE - A)ISIaAju) 2)e)s uebiyoiy
966) uUnf PIopA 4 'L jsayspeasds sisfjeuy uonebaibag jJuawaned

STX'OAVIEZIN




sanjeA [eatilio

0 0 - 0 0 0 0 Jusseya

4 0 ! b 0 4 wng
0 ! 0 0 L 9

0 0 0 0 0 g

! 0 0 0 0 v

0 0 0 0 L €

0 0 0 0 0 z

! 0 0 L 0 ]

9 g v € z l suwnjog
98’1 cg'l 191 892 BE'L 9

98’} 8r'Z sez SLg 91z g

g8l 8rz vEZ e L'z v

191 SEZ vee O 007 5

89C SLE L€ bO'E 68°C z

BEL 9Lz 512 002 69z ‘ !

9 g v € z ] suwnjo)
9.0 681 8z0-__ |i9% €Ll 9

9.0 il €0l- [e6L 160 g

681 Ll 1z 1820 10 |v

820~ [e0'l-  |abE | S6C 10Z €

192 61 8.0 56°C Y60~ |2

€41 160 ILo- 102 b6 0- l

9 G v € z ) suwnjog

suesiii jo sliniajjig

& 1eanin

159} uvosuedwoo palied s Aadn]

9661 unr HiopA 4 'L

32uU3||a0X3] O J9)UaD YIIeasay JaWIAR - AJiSIaAIun aje)s uebiyony
Ja9yspealds sisfjeuy uvopjeBasbag Juatuaned

STXONYLEEILN



QO =0 O «—

< Ha

NN MNO M

wng

S1s9}}

0 l 0 L } 9
0 0 0 0 0 S
L Q 1 0 0 14
0 0 L L l €
I 0 0 L 0 A
i 0 0 L 0 I
5 g v € z I 100sA0D
¢19A%] GO0 1€ isar 1red
6£0C°0 59000 0L6G6°0 92000 61000 9
6020 c951L0 0ELL0 #6900 ¢E9L'0 )
59000 29510 ¥LLOO BLEr 0 0L08°0 14
QL6S 0 DELLD FLLOO 68000 #1000 £
82000 $690°0 gleho 6800°0 i T | L0g0 4
61000 ZE9L'0 0L0B'O $2000 PLOE O e 4
9 g ¥ £ 3 } 109 SA 0D
Jnsepassoiiiolj ‘BoueiigA jenba 'didives omy
Mumﬂua,u
. 9
22690 -+
L9LE0 91¢L0 1 4
0ovaiL 0 £6EF0 08290 €
L5520 62210 orLL 0 €500 : sl A
18890 Se8y 0 8ZEE0 09120 29180 2
9 g 14 £ Z 4 Oy "SA MmOy
_ oijsepassoliicl] ‘SireilA jenbs ‘Sidilies om
51531}

STX'OAVIEZIN



Qlojojojo|ojo
—O{O[QO e ||
O | |Oj|<
Ql|ojojo|—io|—
v {O]|r=jv [
bt Aol Al A= B Al [ =0 4 g

asjej = g ‘anJ) =| ¢abelaay aroqy

2IU3|a2x7 JO 13Jua) Yoleasay Jusawased - Ajsiarun apeys uebiyany
966) aunr Jiopa "4 L j9ayspeasds sisAleuy uonebaibag Juswaned

SIx'BABLEZLIA



Specific Gravity Test Data
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Regression Analysis between
Nuclear and Lab Density




I:vl123REG.XLS

(1 min.) surface coarse
Test Ynuciear S.G.ssp $.G.ar Yssp YAIR
Number (Ibs/ft’) (Ibs/t®) (Ibs/ft’)
111 148.4 2.400 2.404 149,754 150.007
112 149 2.351 2.366 146.716 147.656
113 148.9 2,384 2.389 148.784 149.070
121 149.9 2.458 2.462 153.372 153.600
122 152.9 2.438 2.443 152.141 162.441
123 150.8 2.450 2.455 162.877 163.219
131 148.2 2418 2.422 150.787 151.129
132 148.1 2.428 2432 151.631% 151.770
133 1456 2.398 2.403 149.608 149.948
141 163.4 2.452 2.458 153.008 153.357
142 150.3 2.443 2.445 152.413 1562.581
143 153.5 2.448 2,452 152.751 153.015
151 149.1 2.400 2.404 149,753 149,988
152 155.1 2.418 2.423 150.871 151.164
153 146 2.404 2.408 150.004 150.262
161 146.8 2.408 2.413 150.278 150.591
162 145.7 2.426 2.432 151.384 151.732
163 150.6 2418 2.424 150,908 151.231
211 151.3 2.381 2.384 148.585 148.78%
212 150.6 2.343 2.362 146.219 146,736
213 152.2 2.409 2413 150,333 150.580
221 151.8 . 2.448 2.452 152.768 163.004
222 155.7 2.434 2.437 151.883 1562.096
223 155.3 2.415 2.420 150.691 151.008
231 153.9 - 2.385 2.390 148.819 149.124
232 147.4 2,391 2,386 149,210 149.523
233 148 2,359 2.367 147.207 147.703
241 150.2 2.441 2.443 152.290 152.459
242 148.8 2.450 2,453 152.869 153.078
243 148.5 2.421 2425 151.077 151.350
251 155.7 2.395 2.399 149.441 149.689
252 148.3 2.372 2.376 148.028 148.270
253 147.3 2.384 2.387 148.768 148.976
261 148.2 2.417 2.421 150.809 151.054
262 146.5 2.429 2.433 151.567 151.807
263 1477 2430 2.434 151.630 151.873

data




M123REG.XLS

(1 min.) surface coarse
Test Ynuciear 8.G.ssp 5.G.ar Yssp YAR
Number (Ibs/ft®) (Ibsift’) (lbs/t)
311 148.5 2.398 ‘ 2.401 149.621 149.824
312 150 2.407 2.412 150.203 150.484
313 148.6 2.405 2.412 150.080 150.482
321 149.8 2.432 2.436 151.769 152.008
322 149.2 2.439 2.443 152.207 152.472
323 1485 2.429 2.432 151.539 151.781
331 147.2 2.388 2.393 148.988 149.333
332 147.4 2.391 2.398 149 196 149,622
333 145 2.369 2.376 147.799 148.240
341 1487 2412 2.415 150.531 150.702
342 150.1 2.410 2.414 150.373 150.630
343 150.2 2.426 2.431 151.411 151.665
351 147.5 2.403 2.406 149,924 150.155
352 147.2 2.375 2.380 148,218 148.490
353 1475 2.367 2.372 147.710 148.036
361 147.8 2.428 2.433 151.490 151.830
362 149.5 2.421 2.425 151.049 151,280
363 146.9 2.416 2.420 150.767 150.987
411 149.5 2.415 2.422 1580.722 151.126
. 412 149.9 2.394 2.401 149.402 149.847
413 149.6 2.405 2.410 150.043 150.402
421 148.9 2.436 2.439 152.011 152.202
422 150.2 2.438 2.442 152.142 152.361
423 148.5 - 2.445 2.449 152.569 152.845
431 146.7 2.382 2.388 148.652 149,042
432 147 .6 2.402 2.409 149.902 150.345
433 147 2.371 2.378 147.973 148.373
441 149.2 2.408 2413 150.295 150.556
442 149.4 2407 2.410 150.228 150.390
443 1497 2.403 2.406 149,946 150.104
451 147.7 2.388 2.392 149.027 149,251
452 146.7 2.381 2.385 148.566 148.814
453 148.6 2.391 2.395 149,190 149.450
461 148.3 2411 2.416 150.466 150.755
462 148.7 2.422 2.425 151.104 151.350
463 149.2 2.431 2.433 151.664 151.831

datat
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(1 min.) surface coarse

Test Ynuclear S.G.sep S.G.ar Yssp YAIR
Number (Ibs/ft’) (Ibs/ft’) (Ibs/ft’)
511 150 2.398 2.402 145,646 149.874
512 148.7 2.424 2427 151.230 151.438
513 150.5 2.417 2.424 150.836 151.251
521 152.4 2.442 2.445 152.404 152.581
522 1492 2433 2.436 151.794 152.008
523 150.2 2.436 2.441 152.026 152,206
531 147.7 2.389 2.405 149.692 150.063
532 148.2 2.379 2.387 148.446 148.970
533 146.7 2.423 2.428 151.194 151.516
541 148.8 2.416 2.420 150.745 151.028
542 148.3 2.417 2.422 150.844 151.128
543 149.4 3422 2426 151.154 151.397
551 148.6 2.395 2.400 149.421 149,760
552 1475 2.418 2.423 150.892 151.207
553 147.9 2412 2.416 150.501 150.786
561 148.6 2.421 2.426 151.063 151.391
562 148.6 2.431 2.436 151.716 152,022
563 147 .4 2.439 2.443 152.169 152.462
611 1496 . 2.414 2.418 150.636 150.865
612 150.2 2.421 2.423 151.084 151.218
613 149.3 2.386 2.390 148.910 149,118
621 148.7 2.439 2.443 152.212 152.439
622 149.8 2.440 2.441 152.263 152.309
623 151 2.445 2.450 152.579 152.852
631 148.5 ~ 2.401 2.408 149.815 150.256
632 1478 2.398 2.405 149.658 150.069
633 148.7 2.407 2414 150.218 150.643
641 150 2446 2.451 152.637 152.950
642 150 2.430 2.443 152.170 152.413
643 150.3 2.438 2.443 152.138 152.429
651 149.2 2.421 2.425 151.059 151.320
652 148.6 2.389 2.303 149.083 149.347
653 149.8 2.406 2.409 150.124 150.341
661 149.3 2.437 2.441 152.091 152.348
662 147.8 2.440 2.445 152.238 152.540
663 147 .1 2.413 2.418 150.558 150.909

data1
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‘M123REG.XLS

SUMMARY OUTPUT
!
Regression Stalistics |
Muiltipie R | 0.296024
R Square | 0.08763
Adjusted | 0.078023
Standard | 1.427334

Observati 108
ANOVA

df S8 MS F ignificance F
Regressio 1} 20.74148} 20.74148! 10.18096| 0.001867
Residual 1068] 215.9518| 2.037281
Total 107| 236.6933

| | | I
Coefficient |andard Err| t Stat . | P-value | ower 95% pper 95%|ower 95.0 | pper 95.0
Intercept | 118.3718| 10.09079| 11.73068] 7.17E-21| 98.36586| 138.3778! 98.36588| 138.3778
X Variable | 0.215827| 0.067641| 3.190762| 0.001867| 0.081721| 0.349932| 0.081721| 0.349937

ssd scvs. nuc 1
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M123REG.XLS

SUMMARY OUTPUT

Regression Statistics

Multiple R | 0.293186 ;
R Square | 0.085958
Adjusted | 0.077335 i
Standard | 1.383546 }
Observati 108 i
1 !
ANOVA | i
| df S8 MS F lignificance F
Regressio 1] 18.08157¢ 19.08157] 9.968435! 0.002074
Residual 106 202.9051: 1.91419%
Total 107| 221.9867!
| ; | 1 |
Coefficient |andard Err: t Stat | P-value | ower 95%| pper 95%lower 95.0 | pper 95.0
Intercept | 119.9773| 9.781227: 12.26608| 4.62E-22| 100.5851] 139.3695] 100.5851] 139.3695
X Variable! 0.20701| 0.0655661 3.157283! 0.002074] 0.077019] 0.337001| 0.077018| 0.337001

;

air sc vs. nuc 1



Density Data for Each Row
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Air-dry Lab Density Grid Analysis
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m123curv2.xis 91197

5

M-123 Gradation Data fite:m123curv2 xis
Row 2 Percent passing .
Sieve Sieve apenin Sample :
size (mm) | _~45 21x 22x 23x 24x 25x 26x Avg |Std Dev| Max Min Difr [
3
3/4 inch 19.00 376 10000 10000 100,00 10000 10000 400.00{ 160.00 0.00] 100.00 100,00 0.00 . ;
142 inch 1250 312 9611 9788 9385 9425 9578 9651] 9675 1.34] 9788 93.95 283 :
318 inch 950 275 7799 8453 7535 8315 8116 8384| =802 3347 8453 7535 9.18
No. 4 4.75 202 5412 5891 5072 6073 5715 60250 5745 367} 6073 50.72] 10.1
No. 8 2.37 147 4213 4680 4025 4708 4500 45566] 4464 288| 47.08 40.25 6.82
No. 18 1.18 108 3353 3700 33.01 3712 35Oz 3656] 3553 1.64| 37.12 33.01 41
No. 30 0.60 07 2564 27593 2594 2802 2716 27.46| 2703 0.82| 28.02 25,64 238
No, 50 0.30 0.58 15.28 15.86 15,66 16.29 16.02 16.22| 15.89 035 16.29 15,28 1.01
No. 100 015 0.43 9.43 297 9.40 9,94 977 1013 877 0271 1013 9.40 0.T3
No. 200 0.08 0.21 5.45 5.61 555 546 510 582 5.51 0.24 5.92 5.10 0.82
100.00
90,00
80.00 \
- \]
\
70.00 - \X“
om AN
5 000 AN O —avernge
E \\ N —— e T
- 50.00 ‘.\\‘ entend 11 11 (11T L]
o =
¢ 4co0 e -
3 X ' 3
30.00 N |
20.00 .
10.00 \\.
_‘w
0.0
100.00 10.00 1.00 0,170 0.0
size {mm)
100.00
50,00 2 'i
L
80.00 -z ’r%
- [’ P -
70.00 P iy
o - 4
- avers|
£ s e i
€ o
] 40,00 S e W = = == minimum
£ P
30.00 /-f = i
= :
20.00 }' i
10.00 s
-
0.00
0.00 050 +.00 1.50 2.00 250 300 350

size {mm) 0.45 power

Sheet1



m123curv3.xis 911197

M-123 Gradation Data filexm123curv3.xls
Row 3 Percent passing
Sieve Sieve openin Sample
size (mm) | _*45 31x I2x 33x 34x 35x 36x Avg (Std Dev| Max Min Diff
34 inch 49.00 376 100.00 100.00 100.00 100.00 10000 100.00{ 100.00 6.00| 100.00 100.00 0.00
1/2 inch 12.50 312 9611 9788 9395 9425 9578 9651 95.75 134 97.88 9385 3.83
3/8 inch 9,50 275 7799 8453 7535 83145 8116 8394 81.02 3.3 8453 7535 8.18
No. 4 475 202 5412 5991 5072 6073 5745 6025 57.15 367} 60.73 5072 10.01
No. 8 237 1.47 4213 4680 4025 4708 45.00 4656 44.64 2.58] 4708 4025 6.82
No. 16 1.18 1.08 3358 37.00 330 372 35.92 36.56| 35.83 1.64 37z 3301 4.11
No. 30 0.60 079 2564 2793 2594 2802 2716 2746 21.03 6.92| 2802 2554 2.38
No. 50 0.30 058 1528 1586 15686 1629 1602 1622 15.89 035 1629 1528 101
No. 100 0.15 0.43 9.43 5,97 9.40 9.94 977 1013 9.77 0.27] 1013 9.40 0.73
No. 200 0.08 0.31 5.45 561 5.55 5.46 5.10 592 5.51 0.24 592 5.10 0.82
100.00
80,00 %\
\
80.00 :‘.
L%
70,00 \ ‘\
g \\ \\ —Ch-=naverage
‘T 60.00
E \\t\\_ — — — maximum
.2‘ 50.00 A —— e minimUm
@ ) = N
O 4000 LY
g ~3
3 NN
30,00 \Sn:
20.00 \
10.00 ‘\&‘
o 7]
0.00
400.00 10.00 1.00 0.40 0.01
size (mm)
100,00
£0.00 ,/,?
/
80.00 ,#{4
- ¢ f’
70.00 A
" b
£ - -
w 60,00 z d
E_ ’,’ ,/’ —O-=—averaga
= 50.00 L < —— maximum
o 40.00 ,£7f --"” —— e emiRImMM
3 /j/“'K -
30,00 i,-
20.00 ﬁ'
10.00 ——?-f
0.00
0.00 0.50 t.00 1.50 2.0 250 2.00 350
size {mm) 0.45 power
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m1{23curvd.xis 8/11/97
M-123 Gradation Data file:m123curvd.xls
Row 4 = Percent passing
Sieve Sieve opening | Sample
size (mm} | Ad45 4x 42% 43x 44x 45x 45x Avg |Std Dev| Max Min Diff
3/4inch 18.00 376 10000 100.00 100.00 100.00 10000 10C.C0{ 100.00 .00, t00.00 100.00 0.00
1/2 inch 1250 312 9538 9575 9723 9376 9618 9593| 9571 1.04] 9723 9376 347
3/8inch 8.50 275 7925 7980 7791 7869 7804 8208| 79.29 141 8208 7791 4,18
No, 4 473 202 5460 5701 4986 5590 5282 60.39] 55.10 3.30| 6039 49.86| 1083
No. 8 237 147 4308 4500 3926 4372 4201 4740] 43.36 244 4710 38.26 7.85
No. 16 1.18 1.08 3438 3562 3178 3500 3395 3704; 3463 161 3704 31.78 5.28
No. 30 0,60 079 2612 2703 2482 2686 26507 27.74] 2644 092| 27.74 2482 2.92
No. 50 0.30 058 1562 16.01 1535 1580 1555 1595 1571 0.23| 1601 1535 0.67
No. 100 0.15 0.43 9.77 9.86 9.57 9.45 8.77 9.70 8.69 0.14 9.86 9.45 0.41
No. 200 0.08 0.3 5.18 5.12 5.30 5.51 5.61 5.64 5.39 0.21 5864 512 0.53
100.00
90,00 i
80.00 X
70.00 ‘\-\
m \ |
< 000 WY —O—average |
2 \\ \.‘~ — — — .maximim
2 seo0 O — — — minimum
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=0
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o ,/ "
& - ’
] 60.00 -
a /,’ 3/,/ —0O—average ‘
a 50.00 — " —— — -maximum ;
] //,/ . ‘
g e — — — minimum
Y 40.00 > e
[T -
& 30,00 ’;;}K
-
20,00 ){/
10.00 Fad
?—‘
0.00
0,00 0.50 .00 1.50 2.00 250 .00 350
size (mm) 0.45 power
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m123curvS xis 9/11/97
M-123 Gradation Data file:m123curvs.xis
Row & Percent passing
Sieve Sieve opening | Sample
size {mm) | *45 51x 5% 53x 54x 55x 56x Avg |Std Devl Max Min Diff
3/4 inch 19.00 376 100.00 100,00 100.00 10000 410000 100.00{ 100.00 0.00f 10000 100.00 G.00
12 inch 12.50 312 9536 9575 97.23 9376 9618 9598) 95.71 104} 9723 5376 347
3/8 inch 9.50 275 7925 7980 7791 7869 7804 8208} 79.29 141} B208 779 413
No. 4 475 202 5480 5701 4986 5580 5282 6039 65.10 3.30F 6039 49.86| 10.53
No. 8 237 1.47 43.08 4500 3926 4372 4201 4710 43.38 244 4740 3926 7.86
No. 16 1.18 1.08 3438 3562 3178 3500 3395 37.04] 34.63 161 3704 N.78 5.26
No. 30 0.60 079 2612 2703 2482 2686 2607 27.74] 26.44 082 2774 2482 2,92
No. 50 0.30 058 1362 1601 1535 1580 1555 1595| 1571 8.23] 16.01 15.35 0.67
No. 100 0.15 0.43 977 9.86 957 9.45 9.77 870 9.68 0.14 9.86 9.45 0.4t
No. 200 0.08 0.3 5.18 5.12 5.30 5.5% 5.61 5.64 5.38 0.21 564 5.12 0.63
400.00
90.00 i
80.00 ‘\
70.00 -‘\\
g N
= 80.00 W —0O—average
a N — e y@XEMUM
q =
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0.00
100.00 10.00 1.00 0.10 a.01
size (mmj)
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10,00 e
e
0.00
0.00 0.50 1.00 1.50 2,00 2.50 3.00 3.50
size (mm} 0.46 power
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m123curvb.xls 9/11/97
M-123 Gradation Data file:m123curv xis
Row 6 Percent passing
Sieve Sieve opening | Sampie
size {(mm} | ~45 61x 62% 63x B4x 55x 66x Avg {Std Dev] Max Min Diff
3/4 inch 19.00 378 100 100 100 400 100 100| 100,00 0.00; 100.00 100.00 0.00
1/2 inch 12.50 312 596874 95916 95623 94833 95,57 93926/ 9546 0.91 96.87 9393 2.95
3/8 inch 9,50 275 81.734 832i8 76411 82178 6064 77.136] 80.22 256 8322 7641 6.81
No. 4 475 202 356566 59.777 52125 56,787 55543 52.983] 55.63 254 59.78 5213 7.66
No. 8 237 1.47 44451 46511 40.942 45231 43913 41519 43.76 1.97| 4651 40.94 5.57
No. 16 1.18 1.08 35105 36.669 32642 36.234 34863 233242 34.79 146] 3667 3264 4.0
No. 20 0.60 0.79 26671 27.669 2.3 2745 26351 25534| 26.50 G.88 2767 2531 2.36
No. 50 0.30 058 15978 16395 15.569 16419 15.554. 15257| 15.88 0.44 16.42 15.26 1.16
No. 100 015 043 9.8845 99553 9.8233 10.276 9.644 84279 9.84 0.26 10.28 943 0.85
No. 200 0.08 0.31 5467 56974 S5.7907 6.0445 55543 5.0666 5.60 0.30 6.04 5.07 0.98
100.00
£0.00 e
80.00
N
70.00 A\
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g AN
¢ 4000 b N
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100.00 10,00 1.00 0.10 0.01
size (mm)
100,00
50.00 ‘; A
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80.00 ‘//
- <. -~
70.00 esle”
£ 60.00 Pt
E ) ’/’:l///, —~O—average
L s L // it — — — maximum
g 40,00 {”: : -~ m— = = minimum
o - -
= 30.00 I?;Z
20.00 ﬁ’
10,00 ]
E("'
.00
0.00 0.50 1.00 1.50 2.00 2.50 3.00 350

size (mm) 0.45 power

Sheet1




M-121 Gradation Data for Each Column

m123coivmn-curve xs

file:zm1 23coiumn-curve xis

oM 1/87

Sieve Sieve opening  1Percent passing
size {(mm) | 445 {column1 column 2 columh 3 column 4 column 5 column 6 Avg iStdDev| Max Min Diff
3i4inch 19.00 376 10000 100.00 100.00 100.00 10000 100.00 100.00 0.00; 100.00 100.00 0.00
1/2 inch 12.50 342 9611 9680 9489 9420 9574 96.147| 96.65 0.87] 9680 9420 2.61
3/8inch 9.50 275 7952 B274 7643 6092 7977 82.08| 80.24 2051 8274 7543 6.31
No. 4 475 202 5489 5920 5080 5784 5587 58BY92] 56.26 2.89] 5920 5080 8.40
No. 8 237 147 4305 4634 4017 4528 4407 4580 4412 2.07{ 4834 4017 6.17
No. 16 1.18 1.08 3427 2664 3252 3599 3519 36142 3812 139] 36.64 3252 4.12
No. 30 0,80 079 2612 2766 2540 2734 2673 2721 2674 0.78] 2766 2540 2.26
No. 50 0.30 058 1562 1615 1553 1608 1582 1586] 15.84 0.22f 16.15 1553 0.62
No. 100 0.15 0.43 9.68 10.02 9.59 963 9.81 9.71 977 0.%4] 10.02 9,59 044
No. 200 0.08 0.1 5.39 553 555 5.63 5.45 555 §.52 0.08 5.63 5.39 0.24
100,00
90.00 i
80.00 3
Y
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o N\
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g e
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size {mm) 0.45 power
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Gradation Grid Analysis
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