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Salt.ed Conductivity Exchangeable Sodlur? Soil Soil
Soil (ds/m) Sodium (%) Adsorption H Structure
Class i Ratio P
Saline >4 <15 <13 <8.5 Normal
Sodic <4 >15 >13 >8.5 Poor
Salln.e— >4 >15 >13 <8.5 Normal
Sodic

Table (1) Characteristics of salted soils [20]
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2 Exchangeable sodium percentage (ESP)
3 Sodium adsorption ratio (SAR)
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1 Ground granulated blast furnace slag (GGBFS)
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Fig. 1. Location map of sampling sites
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Sample Sampling Conductivity Lime Gypsum Soil

No. Staton P7  dym % % Salinity

1 A 8.4 8.7 35.1 5.9 Very Saline

2 B 12.2 0.7 37.8 6.5 Non Saline

3 B 8.3 0.7 25.6 6.1 Non Saline

4 C 7.7 4.7 28.8 5.7 Moderately Saline

5 D 8.6 34 36.3 5.2 Slightly Saline

6 E 8.7 4.4 21.5 4.9 Moderately Saline

7 F 7.9 12.6 40 4.3 Very Saline

8 F 8.3 20.6 481 52 Highly Saline

9 F 7.8 14.8 41.2 5.4 Very Saline

10 G 7.9 2.1 28.3 5.6 Slightly Saline

11 G 7.9 2.3 28.8 52 Slightly Saline
Table 2. Results of chemical analysis of soil in the selected

road axis
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Sample Ca-ppm Na- Mg- [Ca]- [Na]- [Mg]- SAR

No. ppm ppm meq/| meq/| meq/l
1 13036 5354 7720 652 233 643 9.1
2 24500 3602 9056 1225 157 754 5.0
3 9402 2562 7134 470 111 594 48
4 7414 3418 6738 371 149 561 6.9
5 20340 2332 6330 1017 101 527 3.6
6 6310 3176 6114 315 138 509 6.8
7 9142 5574 4334 457 242 361 12.0
8 9664 6648 4902 483 289 408 137
9 14430 8188 4340 721 356 361 15.3
10 15328 2092 5238 766 91 436 3.7
11 16628 1792 3134 831 78 261 33

Table 3. Percentage of sulfate and concentration of sodium,
magnesium and calcium cations in soil samples
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Atterberg Soil components Sand . I Modified Proctor
. Limits - Equivalent  Soil Classification Test
Sampling Specific %
Station Gravity : Ydmax
IzL I;L Gravel Sand Fines AASHTO  USCS Wop%0
Yo Yo % % % 3
(KN/m°)
A 145 17.9 2.55 4.94 9325 181 22.94 A-2-4 SP 26.00 9.00
B 15.0 18. 2.55 5.85 9256 1.59 19.53 A-2-4 SP 25.31 7.90
C NP NP 2.55 1430 8251 3.19 34.09 A-3 SP 2531 10.90
D NP NP 2.53 11.89 86.05 2.06 64.00 A-3 SP 25.90 6.70
E NP NP 2.56 1.93 9788 0.19 28.72 A-3 SP 24.23 8.80
F 13.0 2338 2.28 4.87 91.13 3.99 15.04 A-2-6 SP 2296 13.50
G NP NP 2.57 1240 8542 2.18 61.76 A-3 SP 24.53 9.20

* NP : Non Plastic

Table 4. Results of physical and mechanical characterization tests on soil samples of the selected road axis
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. Magnesit FBF GGBF  COPPe
Lime A S S
tailing
Colour White White Black light Green
Form Powder Powder Lump Granular Powder
Specific 2.00 2.74 35 24 2.74
gravity
Particle <5 01525 0510 01-6 <04
size, mm
Chemical  Calcium  Magnesiu
compositio  hydroxid m Silicates
n e carbonate

Table (5) The apparent characteristics of the
stabilization agents used
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Test | Sample |CBR| AV | Test | Sample |CBR| AV | Test | Sample |CBR| AV
No. No. % % No. No. % % No. No. % %
1 K4(d) 49.75 - 38 K50L5* 29.70 0.10 75 K70Sb5 34.9 0.06
2 K10(d) 18 - 39 K60L5* 48.82 0.70 76 K10Sh5L2 15.22 -0.81
3 Kli(d) 3.71 - 40 K70L5* 26.36 0.17 77 K20Sh5L2 209.7 0.5
4 K20(d) 9.1 - 41 K10L10* 122.8 0.35 78 K30Sh5L2 107.2 -0.01
5 K22(d) 1152 - 42 K20L10* 163.1 0.15 79 K40Sb5L2 64.16 -0.01
6 K30(d) 9.28 - 43 K30L10* 66.82 0.03 80 K50Sbh5L2 18.56 0.12
7 K33(d) 13.92 - 44 K40L10* 1355 044 81 K60Sb5L2 79.63 0.03
8 K40(d) 1731 - 45 K50L10* 64.96 0.43 82 K70Sb5L2 1772 0
9 K43(d) 6.12 - 46 K60L10* 48.33 1.96 83 K10M5 4.64 0.02
10 K50(d) 41.58 - 47 K70L10* 18.19 0.09 84 K20M5 557 2.32
11 K60(d) 4.64 - 48 K10L5 1553 0.02 85 K30M5 96.52 -0.01
12 K67(d) 2227 - 49 K20L5 100.7 0.18 86 K40M5 31.65 0.48
13 K70(d) 813 - 50 K30L5 1058 -0.11 87 K50M5  144.8 0.01
14 K4(s) 39.91 -0.08 51 K40L5 1271 0.04 88 K60M5  44.55 -0.08
15 K10(s) 14.84 0.01 52 K50L5 9373 0.1 89 K70M5 7796 0
16 K1i(s) 4.08 0.05 53 K60L5 70,53 0.03 90 KI10M5L2 24.45 0.01
17 K20(s) 13.36 -0.27 54 K70L5 76.1 -0.32 91 K20M5L2 102.1 0.03
18 K22(s) 7.61 352 55 K10Sa5 10.39 0.12 92 K30M5L2 124.4 0.02
19 K30(s) 9.65 -0.18 56 K20Sa5 45.48 0.05 93 K40M5L2 100.7 0.26
20 K33(s) 0.56 -0.01 57 K30Sa5 9745 0.22 94 K50M5L2 148.5 0.01
21 K40(s) 118.7 0.01 58 K40Sa5 57.15 0.08 95 K60M5L2 148.5 0.86
22 K43(s) 1.67 -0.54 59 K50Sa5 14.85 0.19 96 K70M5L2 132.3 0.02
23 K50(s) 70.16 -0.01 60 K60Sa5 5253 0.01 97 K10C5 2445 0
24 K60(s) 4.83 0.81 61 K70Sa5 113.6 0.02 98 K20C5 112.3 -0.22
25 K67(s) 13.36 -0.02 62 K10Sa5L2 28.21 0.11 99 K30C5 89.09 0.01
26 K70(s) 25.24 -0.04 63 K20Sa5L2 144.7 -0.02 100 K40C5 51.04 0.41
27  K10L2* 28.77 0.10 64 K30Sa5L2 269 0.09 101 K50C5 185.6 -0.01
28  K20L2* 148.8 0.04 65 K40Sa5L2 60.13 0.67 102 K60C5 181.3 -0.01
29  K30L2* 31.93 0.03 66 Kb0Sa5L2 31.18 0.99 103 K70C5 158.2 0.01
30 K40L2* 2450 0.18 67 K60Sa5L2 151.2 -0.05 104 K10C5L2 3.74 0.12
31  K50L2* 4176 029 68 K70Sa5L2 254.2 -0.05 105 K20C5L2 28.19 1.07
32  K60L2* 25.06 044 69 K10Sb5 5.754 -1.02 106 K30C5L2 3639 0
33 K70L2* 20.05 0.14 70 K20Sh5 3155 0.17 107 K40C5L2 45.48 0.07
34  KI10L5* 54.76 0.6 71 K30Shb5 29.7 0.32 108 K50C5L2 148.5 0.86
35 K20L5* 1976 0.08 72 K40Sb5 6.68 0.46 109 K60C5L2 9188 O
36 K30L5* 66.82 021 73 K50Sb5 891 0.37 110 K70C5L2 91.88 0.02
37  K40L5* 30.21 0.18 74 K60Sb5 37.49 0.02

el 0 ol oS (55 oo Jasl 5 55 LatbesT pl

Table 6 Results of the CBR and inflation tests on soil samples of the selected road axis
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Abstract:
Most of the current and under-construction road projects of Iran pass through vast deserts, which are often
lacking suitable materials for use in road construction. On the other hand, due to transportation distance,
carrying good soil to road construction sites is not often economical. This paper investigates the soil
stabilization method in the Khor-Arababad road construction project in South Khorasan Province.
The choice of the stabilizing agent depends on the chemical and physical condition of the soil and factors
such as atmospheric conditions, traffic volume, cost-effectiveness and the purpose of stabilization. Road
construction engineers usually have good knowledge and experience in evaluating, understanding and
managing the physical properties of soils, but they are seriously incapable in evaluating and managing the
chemical properties of soil, which are even more important than the physical issues. In this paper, the
importance and the vital status of soil chemistry studies in road construction have been emphasized.
Initial chemical experiments showed that most of the samples were classified as saline soils. Seven sampling
stations were selected to study the physical and mechanical properties of soil. The laboratory experiments
performed included sieve analysis test, sand equivalent test, specific gravity, plastic and liquid limit,
compaction, California bearing ratio (CBR) and swelling.
Considering the financial factors, the first option of soil stabilization was lime. Also, two types of iron slag
namely ground granulated blast furnace slag (GGBFS) and foamed blast furnace slag(FBFS) were used.
Moreover, due to the existence of a magnesium oxide factory and the Qalazari copper mine near the Khor-
Arababad axis, magnesium oxide and copper tailing were also investigated as potential soil stabilizing agents
in this study. Lime samples were prepared with 2, 5 and 10% lime to determine the optimum amount of lime.
The optimal percentage of the other three stabilizing agents, according to previous studies, was 5%, and 2%
of the lime was added to half of the samples as a catalyst.
Three admixtures of 5% lime, 5% fine magnesite and 2% lime, and 5% copper tailing demonstrated the best
performance regarding the increased CBR, uniformity of effect on all samples, and a slight swelling of 7-day
cured samples. Another reason behind putting aside the iron slags was that the three additives while showing
better or similar performance to the iron slags were also economically advantageous given the short distance
of transportation. In the case of fine magnesite, there is also a concern that in the long run, the expansive
magnesium sulfate (MgSO,) may form in the soil. Therefore, the use of 5% lime additive or 5% copper
tailing is preferred.
From an economic point of view, it should be noted that the lime should be purchased from the nearest lime
production mine and transported to the road construction site. However, copper tailing is the waste of the
processing plant of the Qalazari copper mine, which can be provided for free or at a very low price.
Therefore, the use of copper tailing is much more cost-effective and 5% copper tailing was proposed as the
final option of soil stabilization in the Khor-Arababad road construction project.

Key words: Soil stabilization, High sulfate saline soils, Khor-Arababad axis
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