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inati i i ium i stabilizer, aluminum in the clay compare both measurements. Manufactured solutions were used to test the ability of
:g'ﬂi?rztw:ngf \i::lltt:rteiratzhec:?gil;ilaclﬁinl:t;i?ﬂfate'h)’dl‘ ate minerals, such as the colorimetry and IC methods to measure sulfate concentration accurately. i
ettringite. Ettringite (CagAl(SOs)s(OH):; - 26H50) is a mineral that hold; olg(r)ge SULFATE SOLUBILITY STUDY
amounts of water in its structure, and has the potential to swell 250% (TxDOT. Tll)1 : ILITY ST
Sulfate induced heave is directly affected by the amount‘ of sulfates in th.e soil. ! E o l

study attempts to determine a threshold level of sulfates in Oklahoma §01ls at whic ¢ currently used methoc}ology of
sulfate induced heave due to lime stabilization will occur. purrent literature doei adequate picture of the available su
suggest a level of sulfate at which the adverse reactions will occur, but ma(\)ny o
theses numbers do not agree; Problems with heave were reported at a level 70 ppn(; 1 us : .

fates in the Stewart Avenue report (Las Vegas) (Hunter 1988), and a level of 290 water. Howeyer: in situ, 51‘11fate and water are in contact for much longe}' penqu of
sulfate d i Texas report (Chen 2005), while a Texas Technical time and ettringite formation can continue to occur as long as there is available
Memoran Sug'chteiﬁ o alfate levelspunder 3000 ppm as “too low to be of concern” sulfate, alumina and water. Therefore, a parallel study was conducted on
L’f‘emﬁg’i‘n(;%(;fel'}the:: Scliliscrepancies are most likely due to the differences in manufactured soils to determine an appropriate method for capturing all available
;h)}(lsicochemical properties of the soil deposits. sulfates in soils. Willey (2004) fo

und that 0.4 grams of gypsum was better dissolved
The ionic strength of a solution has an effect on the solubility of an electrolyte. In i a 0.25 M NaCl solution than

in 100 mL of deionized water. Geologic history
rticular, gypsum is generally considered insoluble in water although it is slightly suggests that Western Oklahoma was once covered by the Cretaceous Western
pa =

. A . L : deionized Interior Sea (Everhart 2005). Because of this fact samples were made to a salinity of
. If sodium chloride is added to a solution of gypsum a1_1d 0 r : :
yiregleitl:n V\r/iel?hitn}::reaszothe solubility of the gypsum allowing for the dissolution of approximately 0.60M NaCl to simulate

. an average ocean salinity value of 35,000
more solid gypsum (Willey 2004). ~ ppm (Stewart 2007).

Samples using Kaolinite soil and 1ab grade gypsum at different concentrations (500-
EXPE NTAL PROCEDURE ' 12000 ppm) were made and

placed in a NaCl solution with an ocean salinity of
35000 ppm. The samples were centrifuged, syringe-filtered, and tested in a
. . : s h i osits throughout western colorimeter, and the excess liquid was decanted off. The samples were then filled
ODOT identified ﬁye (S)lss with clillffs S:;S:: s%)? ls(;il);lgzpwere colleigd, however, with fresh dejonized water and salt solution. The centrifuge and testing procedure
Oklahoma. f[‘hen, Ymh d }rlese?r All ;oils were processed (crushed and sieved past was repeated with new washes of salt solution until the colorimeter readings were
oy ﬂ?xee will be dlscusfse erim. and oedometer tests. A small amount of the soil constant. The total concentration for the samples was combined for each wash. A
. j: cmrszsg(’it:ngesiues\fgd ;;slt’r: ;Z(; sieve to be used for laboratory classification tests blank sample with salt and water was subtracted from each total.
Wi . . .
; ing: imits (ASTM D4318), grain-size analysis (ASTM D422), ,
ik imie vy moreury method (ASTM 15427, Tcar svinksgs (BS. 1377 - RESULTS AND DISCUSSION
carbonate content (Dreimanis 1962), specific surface area ((;erato and Lutenegger The . " from th
2002), external surface area (Brunauer et al. 1938) and cation exchmge capacity f ¢€ soils were et Oi‘)all(llalrlom eﬂor
> 982). CEC was determined by Harris Laboratory, Inc., using a 1 N . sulfate contfents seen in oma soils. Th : . :
(Rhoade.:s 1982) : P are shown in Table 1. The Atterberg limits testing determined that all three soils
ammonium acetate extraction n(nietlléo 6.98 Standard Proctor compaction tests were were low plasticity clays, or lean clays, having liquid limits under 50% Soils having
Following ASTM Standar i nt’s were based on an analysis of the plastic  plasticity indices at these levels are not capable of swelling a significant amount
C_Oll'd““'te‘_l; th.e bracketeq water C(:n © ntent at 2% below the plastic limit. Five - without sulfate-lime reactions. The sulfate concentration ranged from 194 to 84,000
hmlt,’ estimating the optlmpm we;‘er -co int curve. These Proctor tests were then ppm, depending on what sulfate method test was used. The compaction tests
spi;nmeng Wetr1;3 lslz‘:ldv\fi(:hg;’z u?nel ‘;Ticli)eod with thé estimated optimum water content conducted consisteritly showed higher OMC’s and lower maximum densities for the
erformed on the > o s cor 1t :
gt 6% above that of the soil-only Proctor. Iyze the volume change behavior soil mixed with 5% lime.
Oedon'{eter froc s'well s veere : Oﬁdgfggg (i :;%a_ylz\iethizll A. The free swell tests tests were performed for each soil. The first was performed on the raw soil to
of the soils, foilowing ASTM S tax? a:i ith 5% lime ' determine how much the natural soil would swell with the addition of water. The
were also conc_lucted on the s0111 mllxe. me soill were measured following Oklahoma ~ second test used 5% lime by weight and the addition of water, The results for the
.Usmg colorimetry, sulfate eve; 113[ thod of Test for Determining Soluble Sulfate manufactured samples in salt solution are given in Figure 2. The tests converged to a
Iéhgh way. D;pe}i'tmesnt] fg(tze}?;)le];s- 4wer:31:0 measured using Ton Chromatography to constant value at the second wash with the salt. It took several washes to achieve a
ontent m Soil. Su ¢

measuring sulfates in soil may not capture an

Ifates present in the soil because of solubility
issues. In other words, the method used in OHD 1-49 states that the soluble sulfates

shall be measured using colorimetry after only 16 hours of soaking in deionized

iginal eight to encompass the wide range of
The results of the laboratory testing program

The results of the 1-D swell tests are presented in Figure 1. Two 1-D swell
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constant value in deionized water, and the results were not as close to the expected

values.

Table 1. Physicochemical, index, classification and standard Proctor test results.

Parameter Soil #1 Soil #2 Soil #3
Gravel (%) 0.2 0.3 0
Sand (%) 48.4 7.5 24.6
Fines (%) 51.4 922 75.4
Clay (%) 405 57.4 37 .
USCS Classification CL-sandy lean clay | CL-lean clay CL-lean clay with sand
AASHTO Classification | A-7-6(8) Clayey soils C‘i‘a;es(sli)ls A-6(10) Clayey soils
Sulfate (ppm) 84000 8533 200
Sulfate (ppm) (IC) 80979 9186 194
pH 79 8.1 8.1
Conductivity (mS) 1870 2035 118
Moisture Content (%) 16.2 10.9 7.6
Organic Content (%) 2 2.4 29
G 2.95 277 2.77
LL (%) 49.2 44.6 36.0
PL (%) 272 28.1 22.0
PI (%) 22.0 16.5 14.0
LS (%) 11.6 132 8.7
SL (%) 19.0 153 49
SSA (m’/g) 101.0 127.0 61.0
Ext. SSA (m’/g) 46.0 72.0 41.0
Int. SSA (m*/g) 55.0 55.0 20.0
CEC (meq/100g) 126.1 36.6 23.9
Calcite (%) 1.7 22 119
Dolomite (%) 1.85 0.76 3.28
Carbonate (%) 3.6 - 2.9 15.2
OMC 27.2 27.4 19.9
Yamax (KN/m’) 15.40 15.01 16.48
OMC (%) LIME 30.3 30.1 24.9
Yamax (KN/m”) LIME 14.42 14.03 15.21
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FIG. 1. Swell Test Results for Soil #1 (84000 ppm), Soil #2 (8400 ppm), Soil #3

(200 ppm).
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FIG. 2.a.) Measured versus Manufactured Sulfate levels and b.) Measured
versus Manufactured Sulfate levels with time.

Soil #1 showed an increase swell of 1%, Soil #2 showed an increase of 3.5% and
Soil #3 showed a decrease in swell of 2.3% with the addition of 5% lime. Soil #3 had
only 200 ppm of soluble sulfates present, which did not adversely react with the lime

to form ettringite.

successfully stabilized this particular soil.

Therefore, lime addition to Soil #3 arrested all swell, and
Both Soil #1 and #2, however, saw an

increase in swelling with the addition of lime, which was due to the formation of






