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1- Introduction

Many researchers have studied subsurface stratigraphy by approaching three-dimensional geological models in
recent decades to overcome the complex nature of the subsurface. Specific three-dimensional spatial models have
been developed in many urban areas to predict land conditions and reduce risk and uncertainty in urban planning.
Despite technological advances in research, collecting complete subsurface information is still challenging. While
geological and geotechnical surveys provide accurate information about separate areas, soil structures vary
greatly. Geophysical methods can provide continuous two-dimensional or even three-dimensional spatial
information. Since geophysical properties are affected by soil type, porosity, degree of saturation and
environmental stress (Di Maio and Piegari, 2011; Piegari and Di Maio, 2013; Di Maio et al., 2014; Khan et al.,
2018; Orozco et al., 2018). Other methods must match data obtained from geophysical activities. Hence,
geological, geotechnical and geophysical studies can be helpful (Zarroca et al., 2014; Crawford et al., 2015;
Giocoli et al., 2015; Khan et al., 2018; Rezaei et al., 2019). Also, geotechnical boreholes drilled to observe and
study subsurface conditions are generally so far apart that it is practically impossible to know the subsurface
conditions in the inter-borehole areas.

On the other hand, civil engineers must be aware of soil conditions in the areas between boreholes, depending on
the project's location. In such cases, interpolation is a term used to solve the problem. Various interpolation
methods such as Fourier series and inverse distance weighting have been defined, but since most of these
techniques are entirely definitive, they cannot evaluate and estimate the error associated with estimation
(Negreiros et al., 2008). Therefore, geostatistical methods have been fundamental due to their ability to estimate
estimation errors. Furthermore, it is not very easy to characterize and analyze large volumes of soil data. Because
due to spatial correlation, uncertainty and complexity of soil processes (Asa et al., 2012). Therefore, considering
that Zarand city is a developing city, it sees the implementation of various development projects; providing basic
information, zoning and modelling in urban engineering geological studies to identify geological and geotechnical
hazards is necessary.

2- Materials and methods
The study of subsurface stratigraphy to overcome the complex nature of subsurface by constructing three-
dimensional geological models has attracted the attention of many researchers in recent decades. In this study,
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geological, geotechnical and geophysical analyzes were used to construct three-dimensional soil models based on
significant amounts of data collected from 29 electrical resistivity tomography (ERT) and 20 drilled boreholes in
Zarand city. For this purpose, several techniques were used to investigate the spatial variability of geotechnical
and geophysical parameters of the subsurface environment on a city-wide scale. By the statistical estimation of
soil geotechnical and geophysical parameters (such as liquid limit (LL%), plasticity index (P1%), dry unit weight
(yd), shear strength (C, ¢), modified standard penetration test (N1(60)) and electrical resistance land (Q2m) and the
use of internal weighted moving average (Kriging) method were prepared for a statistical mean of data, two-
dimensional maps and three-dimensional soil models were prepared. Finally, by combining field measurement,
laboratory and three-dimensional models, the proposed method of this research was used to identify problematic
soils.

X Y BH
451662 3410498 1
451496 3410579 2
451279 3410672 3
451034 3410837 4
450800 3410959 5
451571 3410226 6
451369 3409836 7
452157 3409248 8
453024 3408560 9
454181 3408317 10
455429 3407238 11
456332 3408049 12
457123 3409142 13
457915 3410706 14
458839 3410150 15
458107 3408560 16
458040 3407523 17
458479 3406727 18
459244 3407691 19
459944 3408875 20

Fig. 1. Location of drilled boreholes.

Table.1. Statistical characteristics of soil geotechnical parameters.

Minimum Maximum Mean Std. Deviation
LL (%) 00 39.10 26.2120 8.55077
Pl (%) 00 18.95 7.9324 4.06416
W% 6.47 38.28 19.0307 8.92364
Y4 (gr/icm?®) 1.44 1.89 1.6395 0.12656
C (kg/lcm?) 0.07 0.87 0.4755 0.21090
¢ 20.50 41.90 29.9676 4.32021
N1so (SPT) 10 56 29 13.11196

3- Discussion and conclusion

Based on three-dimensional models and sections created, the soils of Zarand are of CL, CL-ML, SC, SC-SM and
ML types. Most of these soils are of CL type with interlayers of other. The type of soil is windy sand. In some
horizons, these layers of wind sand are entirely smooth without any cementation and adhesion, and in some cases,
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they are with silty and clay bonds, which are examined by zoning maps of the dominant soil texture, density, and
ASTM (2002) standard care in the mid-range collapsible soli. Also, by combining soil texture zoning maps,
moisture content, and electrical resistance levels up to an average depth of 4 meters according to the corrosion
zoning map, the surface soils of Zarand city are mainly in the range of medium and severe corrosion. By
examining the levels of electrical resistance and the three-dimensional model of electrical resistance up to a depth
of 10 meters, according to BS-7361 standard and ASTM STP 1013 standard, with increasing depth, the electrical
resistance of surface soils decreases and the intensity and corrosion range increase..
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Table 1. Statistical characteristics of soil geotechnical parameters for 20 boreholes.

Sample Minimum Maximum Mean Std.
Deviation
Liquid limit (%) 96 00 39.10 26.21 8.55
Plasticity index (%) 96 00 18.95 7.93 4.06
Water content (%) 96 6.47 38.28 19.03 8.92
Dry Unit Weight (kN/m3) 71 14.12 18.53 15.98 0.12
Cohesion (kPa) 85 6.86 85.3 46 0.21
Angle of internal friction (deg) 85 20.50 41.90 29.96 4.32
Standard penetration test (Ngo 100 10 56 29 13.11
Histogram Unified classification of soil
cL
ML
CL_ML
I sin SC-SM

op

Slagyy pelul p S ganaile gl pl S g - S
Fig. 3. Frequency histogram of soil classification based on Unified Soil Classification System.
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Table 2. Collapsibility intensity according to ASTM regulations.

Intensity of
collapsible

e) 7.

Non collapsible
A little collapsible
Medium collapsible

Much collapsible

Severe collapsible

0.1-2
2.1-6
6.1-10
10>
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Fig. 10. Three-dimensional spatial distribution of soil layers according to Unified Soil Classification System to an
average depth of 15 meters.
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Fig. 11. Map of collapsibility index C1% to an average depth of 4m.
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Table 3. Statistical characteristics of soil electrical resistance in Qm in 29 geoelectric soundings.

N Min Max Mean Std.
Deviation
mQ 162 1.44 242 26.24 41.04532
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Fig. 12. Frequency histogram of electrical resistance (Q2m) in 29 geoelectric soundings.
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Table 4. Determination of soil corrosion class according to the standard (BS-7361).

Corrosive Classification

Soil electrical resistance

«Qmy

severely corrosive 0-10
Corrosive 10-50
moderately corrosive 50-100
slightly corrosive >100

(ASTM STP 1013) s,laitiw! ol 5 S Faiy55 00, Cputs =0 Jga
Table 5. Determination of soil corrosion class according to standard (ASTM STP 1013).

Corrosive Classification Soil electrical resistance
«Qmy
Severely Corrosive Very 0-9
Severely Corrosive 9-23
Moderately Corrosive 23-50
Mildly Corrosive 50-100
Very Mildly Corrosive >100
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Fig. 13. Location of geoelectric stations.
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Fig. 14. Same electrical resistance levels at depth of (a) 1m and (c) 2m.
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Fig. 15. Same electrical resistance levels at depth of (c) 4m and (d) 6m.
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Fig. 16. Same electrical resistance levels at depth of (¢) 8m and (f) 10m.

Top

wW L, N o
120-250

.......

Basem

o Ve Sl Bee B (QM) oy S SC x8) Conglie gliad w95 VY IS
Fig. 17. Three-dimensional spatial distribution of geophysical properties in Qm to an average depth of 10 meters.
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