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ylene blue HE 3§30l tisted AP Qo) 26NDC = 0.931 x %ADC — 0.036 (3)
2%MB=1(4.52%x%ACD++4.63) /6 25 ADC =(2%NDC + 0.036) + 0.931 (4)
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H 1. Mixtures and properities for sand bonded with sodium and caicium bentonite in 1:1 ratio. Seacoal
present in ratio 1 part to 3 parts total clay
1 - 2 3 4 5 §) 7
% ADC Moisture Comp GCS % NDC  Calculated Test Moist
(26NDC) % % psi Moist. %  Minus Calc. Moist
5 1.6 30 27.4 4.545 1.56 -.04
(4.619) 1.68 35 25.8 4,541 1.61 - .07
1.73 40 24.8 4.539 1.66 —.07
1.78 45 23.9 4.537 1.71 —.07
1.83 50 23.2 4.535 1.77 —.06
1.88 b 22.6 4,532 1.91 +.03
1.98 60 21.2 4.528 2.04 +.06
6 1.4 30 34.5 5.439 1.97 +.03
(5.547) 2.01 35 32.1 5.436 2.02 +.01
2.08 40 30.3 5.432 2.09 +.01
2.16 45 28.8 5.427 2.15 —.01
2.23 50 27.5 5.423 2.22 —.01
2.31 55 26.2 5.419 2.38 +.07
2.44 60 24.6 5.412 2.04 +.1
7 2.32 30 40.3 6.325 2.37 +.05
(6.476)_ 2.40 35 37.7 6.321 2.44 —+.04
2.48 40 35.2 6.315 2.51 =+.03
2.58 45 32.8 6.329 2.58 0
2.67 50 30.9 6.323 2.66 —.07
2.90 29 24.5 6.295 2.45 +.05
2.99 60 26.2 6.282 3.03 +.04
8 2.75 30 44.7 7.203 2.78 +.03
(7.407) 2.84 35 41.5 7.197 2.85 +.02
2.93 40 38.1 7.19 2.94 +.01
3.05 45 39 7.131 3.01 —.04
3.15 50 32.3 7.17 3.1 —.25
3.30 20 29.3 7.123 3.32 —.22
3.50 60 27 7.151 3.92 ~.22
9 3.13 30 26.3 3.075 3.17 —.01
(3.32) 3.28 35 23.1 3.276 3.25 -.03
3.37 40 39.2 3.259 3.35 —.22

(11)
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I 2. Green compressive strength, percent NDC, and percent moisture at constant percent compactibillty
for 5024 NaB and 5095 CaB clay and seacoal at 3:1 ratio

PERCENT MOISTURE

—12l. 5. Relationship of greencompressive strength
and percent moisture for sand mixtures of
= 1.E 1 and 2. Data points are for 30,
35, 40, 45, 50, 55, and 60% compactibility

(14)

%
NDC 4 5 6 7 8
% GCS % GCS % GCS % GCS % GCS %
Camp PSX MOIST PST MOIST PSI MOIST PSL MOIST PSL MOIST
30 23.0 1.31 31.0 1.76 38.2 2.22 43.8 2.68 6.6  3.14
35 22.0 1.46 29.2 1.84 35.8 2.3 40.6 2.77 43.0 3.24
40 20.9 1.40 27.7 1.9 33.5 2.37 37.5 2.85 39.1 3.34
45 20.4 1.44 26.5 1.95 31.5 2.44 34.6  2.94 35.9 3.44
50 20. 1.50 25.5 2.0 29.8 2.51 32.3 3.01 33.3 3.52
55 19.4 1.62 24.5 215 27.9 263 29.5 3.22 30.4 3.76
60 18.5 1.72 23.4 2.28 25.6 2.86 26.9 3.43 27.6 4.0
%
NDC 9 10 11 12 - ,
% GCS % GCS % GCS % GCS %
CAMP PSI MOIST  PST  MOIST PSI MOIST  PSL MOIST
30 47.6 3.48 47.3 3.83 46.8 417 46.0 4.52
35 43.7 3.58 13.6 3.93 43.2 4.29 42.5 4.65
40 39.8 3.67 39.7 4.03 39.0 4.40 38.0 4.77
45 36.3 3.77 36.6 4.14 36.4 4.52 35.7 4.9
50 33.8 3.91 34 4.30 34.1 4.69 34.1 5.09
55 31.0 4.17 31.4 4.60 31.6 5.01 31.8 5.44
60 28.2 4.44 28.8 4.88 29.1 5.34 29.4 5.79
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I 3. Difference in moisture percentage between
10020 CaB and 1009% NaB mixtures at
Nonstant .compactibility

ZZ1AollA NaB ¢} CaB &3+&

| % Compactability 4 M~%MNaB-%MCaB

30 0.531 +.05
—.04
35 0.562 —.05
+.06
40 0.594 +.06
—.006
45 0.625 +.06
—.08
50 0.5657 +.01
—.04
25 0.688 +.04
_ —.04
60 0.72 —0.4

+.12

The £ values indicates the range from the listed
value when 4 M is calcualted over the clay level
range of 4—12% NDC.,
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H 4. lllustrative sand properties

Sand Proparties Sand G Sand V
40% NaB 100%NaB
60% CaB
1. Moisture, % 4.0 3.7
2. Compactability, % 42 40
3. Green compreseive strength, pai 25.0 28.1
4. %MB clay 8.0 9.2
5. %NDC calculated from equation 1 8.9 10.38
6. Zomoisture uptake calculated 3.64 4.35
7. 2sNDC calculated 9.77 9.75
8. Zmoisture urillzation 4x100 3.7x100
3.64 4.35
% MI 108.7 85.1
: 977100 9.75x100
9. %clay index 59 10.38
% CI 109.8 93.9
10, Maximum GCS, psi: figure 5 32.0 pa off Scale
11.-%Greem Strength Efficiency 78.1 Very Low
12. Maximum Compactability 52.5 figure 3 Off Scale
13. Compactability Efficlancy,
%Efficiency, é%x 100 80.0 Vary Low
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i 5. Relationship of percent effective clay EC and perent NDC at equal values fo com'pressive strength and
compactibility for MaB and CaB bonded sand

GCS 40% COMP 40% COMP 50% COMP 60% COMP  30% COMP 40% COMP 50% COMP 60% CO
PSI EC NDC EC NDC EC NDC EC NDC EC NDC EC NDC
26 2¥M9 W6 189 1¥®e 199 2€¥6 19 1913 1913 a913 1913
42 6.2 6.9 6.85 - 7.65 - - - 6.2 - - -
40 2.8 6.45 6.6 - 7.3 - 8.3 - 5.9 - - -
38 5.65 6.0 6.2 7.25 7.0 - 7.9 - 2.65 7.1 - -
34 a1 2.35 5.6 6.1 6.3 - 7.1 - 2.1 6.05 - -
30 4.55 4.8 5.0 5.35 2.6 6.15 6.3 - 4.55 2.3 6.5 3.5
2.8 4.3 4.5 4.75 5.05 2.3 5.7 5.95 — 4.3 2.0 | 5.8 7.43
26 4.0 4.2 4.45 4.7 4.95 5.25 5.45 7. 4.0 4.7 5.23 6.6
24 3.7 3.95 4.1 4.4 4.6 4.9 5.1 6.25 3.7 4.4 4.85 5.8
22 3.4 - 3.8 4.1 4.2 4.5 4.75 5.6 3.4 4.15 4.5 2.05
18 2.9 - 3.2 - 3.5 - 3.95 4.65 2.9 - 4.17 4.05
16 - - - - — - 3.45 4.25 - - - =
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Figure 6
Superimposed
‘on Figure 10|

GREEN COMPRESSIVE STRENGTH -P

i A S T T S T cla"r—
2.0 - 3.0 40 5.0 6.0
PERCENT MOISTURE
12l 16. Curves from 12! 6 superimposed on
those of 12! 5 for comparison. The
clay in 12! 5 is 5095 Na bentonite
and 50% Ca bentonite.

GREEN COMPRESSIVE STRENGTH - PS!

30
PERCENT MOISTURE

4.0

1% 17. Curves from 1% 6 superimposed on
those of 1! 10 for comparison. The
clay in 212! 10 is 10025 Na bentonite.

45 fFigure 8
Suponmposn
40 on Figure 14 —

12
- - .“ ==
4 .. EXCESS
PERCENT NEW QRY CLAY", -

) 4 ) . . CLAY

X2 T T B T N T T |
2.0 3.0 4.0 5.0 6.0

PERCENT MOISTURE - Ca BENT / SEACOAL - 311

12l 18. Curves from 212! 6 superimposed on
those of 1%} 14 for comparison. The clay
in 18! 14 is 100% Ca bentonite.

GREEN COMPRESSIVE STRENGTH - PSI

(19)

H 6. Sand properties and mulling efficiency of a 1009 NaB
bonded System sand

100% NaB Sand V2
% Moisture 3.3
% Compactability 44
Green Compressive Strength, PSI 30.1
% MB Clay 7.0
% Bonding Clay, Figure 6 5.3
% Available Clay, Figure 6 7.4
% NDC Bonding Clay, Figure 9 5.7
% NDC Available Clay, Figure 10 6.8
% NDC from % MB, equation 1 7.66
Mulling Efficiency, Figure 6 71.6
Mulling Efficiency, Figure 9 and 10 83.8%

: . . % NDC Bonding Clay
Mulhing Efficiency : 7 NDC. Equation 1 74.4
: - . % Bonding Clay Fig.6

Mulling Efficiency : % NDC, squation ] 69.2
Maximum GCS at 3.3% H:20. figure 10 37.5 psi
Green Strength Efficiency (30.1 + 37.5) 100 80.3
Moisture Index (3.38 + 3.3)100 102.4
Clay Index (7.46 + 7.66) 100 97.4
Maximum Compactability at 3.3%
moisture and 7.66% NDC. Fig. 40%
Compactability Efficiency (40 + 44) 100 90.9%

.
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¥ A Equations for relationships of MB clay, dried new clay, and added clay and moisture and compactility
of mixtures:
NaB/ CaB/ Seacoal
in 1.5/ 1.5/ 1 Ratio

Clay Content and Compactability Equations 1—12
A. 4to 15%. NaB or CaB, % MB by test 1. %NDC = 1.2358 x 2%6MB — 0.9894
2. 2%NDC = 1.3274 X %MB — 1.0241
3. 2%oNDC = 0.931 x % ADC — 0.036
) _ 9;NDC+0.036
4. %6 ADC = 0.931
B. Above 9% ADC or 8% NDC and below 48%
Compactabilty :
5. % moisture uptake calulated from compac- 5. %MOIST = %DNC (0.00213%26COMP+
tability and %3NDC from equation 1 0.279) + 0.40
6. 2oNDC calculated from test % moisture 6 2%NDC = Z%MOIST —0.40
and compactability e — (0.00213x %COMP +0.279)
C. Above 9% ADC or 8% NDC and above 48%
compactability :
7. % moisture up take calculated from com- 7. %MOIST = %NDC (0.0059% COMP+0.096)
pactability and %NDC from equation 1. + 0.40
8. %NDC callculated from test % motsture 8 9NDC — 26MOIST—0.4
and compactability - e (0.0059 < 2%2COMP—0.096 )
D. Below 9% ADC or 8% NDC and below 50%
compactabtlity :
9. % moisture uptake calculated from com- 9. %MOIST = %NDC (0.00237 X %comp-+
pactability and %NDC from equation 1. 0.3863) — 0.52
10. %NDC from Lest % moisture and 10. %NDC = 2sMOISTH0.52
compactability $ e (0.00237526COMP +0.3863)
E. Below 9% ADC or 8% NDC and above 50%
compactability :
11. % moisture uptake calculated from com-. 11. %MOLST = %NDC (0.00626COMP-+0.205)
pactability and %DNC from equation 1. - 0.52
12. %NDC from test % moisture and 12. %NDC — 26MOIST+0.52
compactibility -7 (0.006%COMP+0.205)

I B. Equations relating percent new dry clay, moisture, and compactibility of 3:1 NaB/ seacoal

bondedsand
Condition Equation
13. Below 8% NDC and 48% Compact- 13. %MOIST = %NDC (0.0024 X %COMP+0.336)
ability
14. Equation 13 rearranged 14. 2NDC=MOIST+(0.0024 X 2%COMP+
15. Below 8% NDC and over 48% Com-  15. %MOLST = %NDC {0.0076 X 2%sCOMP+0.088)
pactability
16. Equation is rearranged 16. %NDC = 9%MOISTH(0.0076 x % COMP+.
088)
17. Above 8% NDC and up to 48% Com- 17. 20MOIST = %NDC (0.0023 X 26COMP+0.308)
. pactabilicy +0.2
18. Equation 17 rearranged 18. %NDC = (Z%MOIST—-0.2) + (0.0023 X
2COMP+0.308)
19. Above 8% NDC and over 48% Com- 19. Z%MOIST = %NDC (0.0064 X 26COMP+0.116)
pactability +0.2
20. Equation 19 rearranged 20. %NDC = (%MOIST-0.2) + (0.0064 X
% COMP-+0.116)

(20)
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21. Above 8% NDC and Over 55% Com-

21. %MOIST = %NDC (0.0023 X% COMP+0.332)
pactavilits +0.54
22. Equation 21 rearranged 22. %NDC = (%MOIST—-0.54) + (0.0023 X
2% COMP+0.332)

I C. Equations relating percent new dry clay, moisture, and compactibility of 3:1 CaB/ seacoal bonded

sand
Condition Equation
23. Up to 13% NDC and 46% Compact- 23. %MOIST = %NDC (0.0015%COMP+0.34) — 0.4
ability
24. Equation 23 rearranged 24. %NDC = (%MOIST+0.4) + (0.0015%COMP
+ 0.34)
25. Up to 13% NDC and Over 46%  25. %MOIST = %NDC (0.005 X %COMP + 0.18)
Compactibility —0.4
26. Equation 25 rearranged 26. Z%NDC = (%MOISTH+0.4) + (0.005 X
2%COMP + 0.18)

H D. Equations for the difference in water requirements of sodium and calcium bonded sands

Condition

Equation

27. Lass than 8% NDC and 48%
Compactibility

28. Lass than 8% NDC and more than
48% Compactibility’

29. Lass than 8% NDC and less than
48% Compactibility’

30. More than 8% NDC and more than
48% Compactibility

27. 4 M = %NDC (0.0009% 26COMP —0.004)+0.04
28. 4 M = %NDC (0.0014 X 26COMP —0.064)+0.06
29. 4 M = 2 NDC (0.0008 X %COMP —0.34)+0.06

30. 4 M = ZNDC (0.0014 X %COMP —0.064)+0.6
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