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Table 1- Physical characteristics of the primary soil sample
(o y8) & 30 51 g0 oSy Clasuiv RTTAS 0329 0399
Atterberg range (%) Compaction characteristics Classification Srpr)]e;csisal
Proctor ;951 Harvard »,lg,l»
.. L. .. L. X Ll
Sl gt s oldilas gk, Wil Cagb, Wil W ‘:;j, ”
Liquid  Plasic  Shrinkage e oSl ke or5Sle G G
Limit Limit Limit Optimal Maximum Optimal Maximum ligs S
moisture density moisture density (uscs?)
Wop () Tdmax Wop () Vamax
(gcm?) (gcm?)
47.5 23.59 16.48 234 1.61 211 1.58 CL 2.7
Table 2- Chemical characteristics of the primary soil sample
(A 52 oY1y (51 ko) Loyge! (A 52 oY1y 51 ko) Loy9sS
pH EC Anions (meq lit") Cations (meq lit")
O] (dSm™)
COs* HCOy Cr SO Mg Ca? Na*
7.88 1.47 - 8.6 10.0 2.87 3.0 4.0 145

! United States Soil Classification System
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Table 3- The type and percentage of salts used to prepare synthetic samples

digod b ylows Sod g9 S 2
Sample number The type of salt The percentage of salt
E-0 - 0.0
E-0.5 0.5
E-1 1
E2 Sodrlj: ;:);nate 2
E-5 5
E-10 10
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Table 4- Chemical analysis of syntethic soil samples

(3 2 0¥y Slike) LoygsS (3 2 ¥y (ST ko) B9l o lases
assls sl Rt
ORE & Cations (meq lit™") oxl & Anions (meq lit") EC_I pH Sample
Sum of cations Sum of anions (dS m™) ifi pt'
K* Na*  Ca® Mg?* SO Cr  HCOy COs* specilications
215 - 145 4 3 21.47 2.87 10 8.6 - 147 7.88 EO
23.75 - 18.75 2 3 28.85 2.85 10 14 2 2.02 7.90 E05
46.46 - 38.46 2 6 37.69 1.69 20 10 6 280 7.89 El
139 - 130 1 8 126.78 12.78 10 96 8 1258 7.91 E2
514.77 - 460 22 32 524.73 14.53 27 430 532 5180 7.92 ES5
766 - 710 20 36 770.69 137.09 392 1364 1052 7430 7.91 E 10

Span (Bdiges o515 Oladuwin -0 Joio
Table 5- Compaction characteristics of synthetic samples

e DLy ,S s oy
Ydmax (g cm™) Wope (%)
Sodium carbonate salt percentage
1.6 22.35 0.0
1.58 23.28 05
1.56 23.19 1
1.58 21.59 2
1.63 21.72 5
16 23.44 10
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Table 6- The effect different percentages of sodium carbonate on volume and linear shrinkage of samples

Myl Cagby ol e BB Sile gl Cugh,y il ohad (5Ll s ilie e (30059) poios 5L,
Average initial Average volume Average initial Average linear (ds/m) . o
moisture (%) shrinkage limit (%) moisture (%) shrinkage limit (%) Sodium carbonate (%)
S Lals
56.37 14.65 55.66 16.24 1.47
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(E-0.5) suoys +/0 podus iy )8
67.24 10.05 76.94 18.79 2.02
Sodium carbonate 0.5%
(E-1) 2oy Y o sl
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Sodium carbonate 1%
71.73 16.74 72.86 19.12 1258 (E2)aop¥ i ols
Sodium carbonate 2%
(E-5) 203 0 o lis S
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Fig. 6- The effect of sodium carbonate on volume shrinkage of samples
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Table 7- Free swelling tests of samples containing sodium carbonate

(JSCwlyshs) (0,95 jLid PP Moy B (32,3) adgl cugb, Wged 0 lowd

Swelling pressure (kPa) Swelling percentage 1o (g em™) Initial moisture (%) Sample number
10.20 11.8 1.66 15.42 S-G7
10.10 12.0 1.64 15.42 S-G6
10.05 11.8 1.63 15.42 S-G2
100.0 33.0 1.63 20.38 E-1-G4
58.0 325 1.59 20.38 E-1-G6
30.5 14.5 1.72 19.53 E-2-G1
220 6.6 1.68 19.53 E-2-G2
38.0 8.5 1.69 19.53 E-2-G3
17.0 115 1.76 20.08 E-5-G1
220 115 1.75 20.08 E-5-G2
30.0 116 1.70 20.08 E-5-G3
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Table 8- The mean of free swelling tests of samples containing sodium carbonate
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Swelling pressure (kPa) Swelling percentage Ta (@em?) Initial moisture (%) Sample number
10.12 11.87 1.64 15.42 S
ot Olo,S E-1
79.0 32.75 1.61 20.38 E-1 sodium
carbonate
it lo,S E-2
30.17 9.87 1.70 19.53 E-1 sodium
carbonate
it Olo S E-5
23.0 11.53 1.73 20.08 E-1 sodium
carbonate
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Extended Abstract

Introduction

Swelling and shrinking soils are problematic soils that destroy structures built on them if their behavior
is not recognized and the necessary measures are not taken. The potential of swelling or shrinkage soils
depends on various factors, such as the type of clay minerals and the chemical properties of the water. When
developing the theoretical concept of swelling soil, factors such as mineralogy, soil structure, and pore water
affecting physical factors (such as density, moisture value, and plastic properties) should be considered.
Determining the swelling percentage and swelling pressure of clay soils is an important tool to explain and
predict the behavior of clay soils. One of the most important properties of clay soils is their sensitivity to
volume changes due to swelling and contraction, which lead to soil movement. According to the studies
conducted on various aspects of swelling, shrinkage and also the effect of the amount and type of salinity on
soil properties such as structure, grain stability and shear strength, it seems that much research on the effect
of the amount and type of salinity on the swelling and shrinkage behavior of soil has not yet been conducted,;
therefore, this research attempts to investigate as much as possible the effects of different amounts of sodium
carbonate on the swelling and shrinkage behavior of clay soils. Several objectives were pursued in compiling
and conducting this research, including investigating the effects of different amounts of sodium carbonate on
swelling percentage, swelling pressure, volumetric and linear shrinkage, and determining the effects of
chemical characteristics such as EC on the indices of shrinkage and swelling.

Methodology

In order to investigate the effects of the amount of sodium carbonate on the swelling and shrinkage
properties of soils, synthetic samples with different amounts of sodium carbonate were used in this study.
For this purpose, a sample of clay soil from Kamalabad region of Karaj was first prepared. In order to identify
and determine the physical and mechanical properties of the soil used, identification and classification tests
were carried out including granularity, Atterberg limits, compaction properties, specific gravity, swelling and
shrinkage indices and also chemical properties were studied on the samples based on ASTM standards.
The shrinkage limit was used to determine the shrinkage capacity and specifications of the samples. There
are two methods, volumetric and linear, to determine the shrinkage limit. The laboratory method for
determining the shrinkage limit is provided as a standard by the ASTM Institute under the number D-427.
To determine the percentage of swelling and the swelling pressure of soils with different proportions of
sodium carbonate, the swelling test was carried out according to the standard (ASTM D4546). First, the soil
sample prepared by the dynamic method was tamped into special rings, and then each of the rings containing
the sample was placed in a normal consolidation device.

Results and Discussion

The results show that the sodium carbonate salt had no significant effect on the optimum moisture values
and the maximum dry density of the soil samples tested. With the increase in the amount of EC, caused by
the change in the amount of sodium carbonate in the original soil, the linear shrinkage and volume shrinkage
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limit also increased with an almost regular trend, and for the sample with EC=12.58 ds/m, the linear shrinkage
and volume shrinkage limit decreased.

The results show that when the sodium carbonate content is increased from zero to 1%, the swelling
percentage increases with a sharp slope, and when the sodium carbonate salt content is increased to 2%, the
swelling percentage decreases from 32.75 to 9.87. If you increase the percentage of sodium carbonate salt
from 2 to 5%, the percentage of swelling increases from 9.87 to 11.53 with a slight slope. As you increase
the EC from 1.47 to 2.8 (dS/m) the inflation percentage increases from 11.13 to 32.75 and as you increase
the EC from 2.8 to 12.58 (dS/m) the inflation percentage decreases from 32.75 to 9.87 and as you increase
the EC from 12.58 to 51.8 (dS/m) the inflation percentage increases from 9.87 to 11.53.

The graphs of changes in swelling pressure with changes in EC and percentage of sodium carbonate
also showed that with an increase in EC from 1.47 to 2.8 (dS/m), the level of swelling pressure increased
from 10.12 to 79 kilopascals, with an increase in EC from 8 2.58 to 12.58 (dS/m), the swelling pressure
decreased from 79 to 17.30 with a steep increase, and with the increase in EC from 12.58 to 51.8 (dS/m), the
swelling pressure decreased from 17.30 to 23 with a very slight increase. By increasing the percentage of
sodium carbonate from zero to 1 %, the source pressure increased, and by increasing the percentage of salt
from 1 to 2 %, the source pressure decreased, and by increasing the percentage of sodium carbonate from 2
to 5 %, the source pressure decreased with a slight gradient.

Conclusions

Based on the surveys and experiments carried out as part of this study, the following conclusions can
be drawn and established:
- From the results of the density test of synthetic samples, it was concluded that the effect of sodium carbonate
depends on the amount of salt; thus, up to about 1% with the increase of salt content, there is no particular
relationship between salt content and optimum moisture and maximum dry density, but at values between 1
and 5%, optimum moisture decreases and maximum dry density increases.
- From the results of the swelling test of synthetic samples, it was concluded that the effect of sodium
carbonate depends on the amount of salt; thus, up to about 1%, the swelling pressure increases with increasing
salt content, but at values between 1 and 5%, the swelling pressure decreases.
- From the results of the volume contraction test of synthetic samples, it was concluded that the effect of
sodium carbonate salt depends on the amount of salt; thus, up to about 1%, the amount of volumetric
shrinkage decreases with the increase of the salt percentage, but at values between 1 and 10%, the amount of
the volumetric shrinkage limit increases.
- From the results of the linear shrinkage test of synthetic samples, it was concluded that the effect of
sodium carbonate salt depends on the amount of salt; so that up to about 1%, the linear shrinkage limit
increases with the increase of salt content, but at values between 1 and 5%, the number of linear shrinkage
decreases.

Keywords: Linear shrinkage, Problematic soils, Soil salinity, Swelling characteristics, Volume shrinkage
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