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A Study on the Effects of Bituminous Material on
Durability of Soil-Cement Mixtures
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Summary

This study was intended to investigate the effects of bituminous material
content of soil-cement mixtures on their durability, For the purpose,
unconfined compressive strength test, Freeze-thaw test, and wet-dry test
were performed with three types of soil. Each type of soil was mixed with
three levels of cement content and each soil-cement mixture was mixed
with four levels of bituminous material content. For the unconfined comp-
ressive strength test, Freeze-thaw test and wet-dry test, 324, 108, and 108-
specimens were prepared respectively. Unconfined compressive strength
was measured at age of 7-days, 14-days and 28-days using 108-specimens
in e:ch age. The soil-cement lnss rate due to freeze-thaw and wet-dry were
calculated after 12 cycles of test using 108-specimens in each test. The
results are summarized as follows:

1. Optimum moisture content was increased with increase of cement
content, but maximum dry density was changed irregulary with in-
crease of the cement content.

2. The unconfined compressive strength was increased with increase of
cement content, bituminous material content and curing age. Cement is
more effective factor than bituminous material on unconfined compre-
ssive strength of soil-cement Mixture.

3. It is estimated as the most economical cement content that the
recommended cement content of A.S.T.M. because increasing rate of
unconfined compressive strength at age of 28-days was low when
cement content is above the recommanded cement content of A.S.T.M.
among all types of soil.

4. Although a portion of cement content is substituted for bituminous
material, the necessary unconfined compressive strength can be obtained.
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5. The soil-cement loss was more influenced by wet-dry than Freeze-thaw

6. The bituminous material is more effective on the decrease of soil-

cement loss than increase of unconfined compressive strength

7. The void ratio of soil-cement mixture was changet irregularly with

increase of cement content, but that was decreased in proportion to

the increase of bituminous material content.

8. The regression equation between the unconfined compressive strength
and soil-cement loss rate were obtained as table 7.
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Table-1. Properties of Scil Used
T o Soil Type No. | No. 2 No. 3
Test Ttem ————
Gravel (above 2mm) % 13.3 1.6 ' 2.
) Coarse Sand (2-C.25mm) 2 27. 10.3 ) 14,4
Mec hanical ‘ Fine Sand (0.25--0.05mm) % 23.2 13.1 6
Analysis CSile (0.C5—0.005 mm) % 22 52 40
| Clay (C.005—0.001 mm) % o 19 15
| Colloid (below 0.001 mm) 2 4 22
1 Liquid Limic % 8.8 | 2.5 L 344
Atterberg | Plastic Limit % 18.7 ] 152 20.4
Limit | Plastic Index P 10.1 , 123 | 14
Soil D g . sc | a CL
Classification = SCE PR 2 L oAze | Ase A-6
=5 E Sandy Loam]; Silty Loam ; Clay Loam
Compaction Wet Density 5 1,957 ‘] 1,933 1,963
Tost . Dry Density % | 1,646 1,650 1,681
1 Opt. Moisture Content % 18.9 1 14,4 16.8
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Specific Gravity % 2.64 2,45 2,65
C.U. (Uniformity Coefficient) % 100 16.6 30
Max. Grain Size (mm) 6 5 5
602 Grain Size (mm) 0.25 0.025 0.015
10% Grain Size (mm) 0.0025 0.0015 0.0005
No. 10 Sieve Passing % 86.7 98.4 §7.4
"No. 40 Sieve Passing ‘ % 6.1 91.1 90.5
No. 200 Sieve Passing ' % 39.0 81.1 77.2
Table-2. Chemical and Physical Analysis of Cement
::::"‘“**——~—~——~___ﬁ__n Comparison
Results K.S.L.
Properties
Gs 3.12 f
Fineness (Blaine cm?/gr) 2.950 \ > 2,400
Soundness 0.10 ‘ < 0.80
. Initial Setting(min) 145 > 60
Setting time | pyna) Setting(hr) 4.36 <10
Compressive 7—days 2450 >150
Strength strength 28-days 366.0 >245
(kg/cm) l 7—days 24.0 > 20
5 Tension strength 28—days 31.0 > 20
|
Ignition Loss (%) 0.5 g < 3.0
SO, 1.5 < 2.50r 3.0
Mgo 3.4 < 5.0
Chemical Sio, 21.4
Af,0, 5.4
Fe,0, 3.4
Analysis (%) Cao 3.4
S -
Caso, 2.5
(ch) Embre BRY FA ota%gEs] —Mezd 2z REL o
FHRE FEE EE#e LDRAEEHEAER +3 7},
Table-3. Quality of Bituminous Material
““---~‘_~‘__“~\“\‘_‘ Comparison i t
— ‘ Results AS.T.M*
Properties TTr—
Weight per liter (8) 998 J 980 —1040
Residue by evaporation (%) 52 . 4555
Water Content (%) 48 4555
Ash,on basis of nonvolatile material (%) 18 520
nonvolatile organic base Asphalt Asphalt
Inorganic reinforcement Asbestos Asbestos
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Table-4. Exderimental Plan
> Test a | Bituminous . ! | N
%011 i Semteni Material /(iul;lsng Repetition | ;I‘(;tcz}rlngrllsmber of
Item ype | Lonten Content g | ) SP
[
Compressive 3 4 3 | 3 352 dx 3% 3=324
Strength Test ‘ KIXAXKIX
Freeze-Thaw 3 3 4 _ 3 353w 4 3=108
Test g
Wet-Dry Test 3 3 4 — 3 3x3x4%3=108
Total | 540
|
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Table-5. Results of Compaction Test

o Soil Type No. | No. 2
Cement No. : ° l No. 3
Content(%) | 57 ‘ 9 0] 12 ’ 14 j 10 [ 12 1 14
0.M.C. 186.3 | 18.9 | 19.2 | 140 | 144 | 149 | 162 | 168 | 17.2
M.D.D. l,é49| Lesit 1,650 1,691 1,690 1,701 1,679 1,680 1,678
;}ll)
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Fig. 2. Effect of Cement Content on Unconfined Compressive Strength of Seil-Cement Mixtures.
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Fig. 3. Effect of Bituminous Material Content on Unconfined Compressive
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Table-6. Relationship B-tween Cement Content and Bituminous Material Content on
Unconfined Compressive Strengh of Soil-Cement Mixtures at 28 days Cured

\ Bltummous Material |

%‘O}:;e T~ Content | 0 3 5 7 Remarks
Cement Content
l 8.8 | 9.4 1.2 11.8 | above
| 10 kg/cm?
No. 1 7 0.0 l 1.8 14.7 16.5 | apove
9 100 | 2 15.1 18.3 15 kg/cm?
10 15,6 ' 17.1 17.7 20.6 | ahove
20 kg/cm?
No. 2 12 21.2 ‘\ 23.6 25.3 270 | Lpave
14 23.6 | 25.9 27.1 27.3 25 kg/cm?
10 23.6 | 25.3 27.1 1| 28.3 | above
40 kg/cm?
No. 3 12 47.1 49.5 49.9 | 50.8 | o0
14 47.1 49.5 54.2 | 546 50 kg/cm?
2®EEEE .7 AWE 21 ke/cm?

Hsksgetold ; 28 BikE 10 kg/cm?
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Table-7. Regression and Correlation Between Unconfined Compressive Strength at
28 days and Wet-Dry, Freeze-thaw Loss Rate of Soil Cement Mixtures

Soil . . Symbol at | Equation of Linear Correlation

Type Relationships Fig. 10 Regrassion Coefficient t. Value

No. ] A @ L=14,88—0.1778 7=—0.804 t=—4,23%%
B @ L=11.7—0.1248 =—0.743 | t=—3.15%%

No. 2 A @ L=12.65=0.062S 7=—=0.758 t=—3.68% %k
B @ L=13.59—0.1418 =—0.934 t=—8.273% %

No. 3 A ® L=8.519—0.0338 =—0C.842 t=—4.93%%
B L=8.28--0.0478 7=-—0.808 t=—7.36%%

A: Unconfined Compressive Strength~wet-Dry Loss rate
B: Unconfined Compressive Strength~Freeze-Thew Loss rate
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