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Abstract
The present study was performed in order to determine the engineering geology and geotechnical details of soils and 
rocks along Tabriz Metro Line 2(TML2) by using the information and raw data which were acquired by borehole drilling 
and all field and laboratory tests in the study area. The minimum and maximum depths of the boreholes were 15 and 
40 m, respectively. The results of their analysis revealed that geologically, the areas of metro route, mainly formed by 
alternating layers of claystone, siltstone, marl, and conglomerate, covered mainly by the alluvial deposits and in addition 
to older, dextral, strike-slip North Tabriz Fault (NTF) which is a major and most important geological structure of Tabriz 
area, there are also many minor and generally young and seismically active faults. The results of investigation on the 
groundwater depth in boreholes of TML2 also indicated that the groundwater depth varies between 1.5 and 30 m, along 
the route of metro. Eventually, based on the standard penetration test values (N-SPT), it was revealed that soils of the 
western parts of TML2 are in the group of dense to very dense, the central parts are in the group of very dense (Bazaar 
area) and dense (Fahmideh area), and the eastern parts are very dense. And finally the results achieved from determin-
ing groundwater sulfate values according to Concrete Code of Iran (CCI) indicated that the amount of soluble sulfate in 
the soil is mild to extremely high. Accordingly, the amount of sulfate increases from the western to the eastern parts. So 
that, this value is between 200 and 26,500 ppm. Based on these studies, the average of sulfate in the western, central 
and eastern parts is, respectively, 1118, 1275 and 4840 ppm. Thus, the groundwater in the east part is highly aggressive, 
and deterioration of concrete lining of the tunnel is expected in the near future.
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1  Introduction

At the present time, heavy traffic of urban transportation 
is one the most important problems of large cities and as 
it has been experienced in many large cities around the 
world, the use of underground transportation, called as 
metro, is the best and most useful way of solving this prob-
lem. Geotechnical studies are the most important and fun-
damental investigations for construction of underground 
tunnels of Metro Lines. These studies generally are car-
ried out for designing the type and shape of tunnels, and 

determining geotechnical properties of rocks and soils, 
as well as, the type of required tunnel drilling machine 
and the best method of tunnel excavation. Construction 
of tunnels is usually a difficult task because information 
about the ground conditions is never completely known, 
during tunneling. Construction cost estimation of tunnel 
is also difficult task due to the complexity of the ground 
conditions [18]. However, engineering geology along the 
tunnel alignment plays a dominant role in many of the 
major decisions that must be made in planning, designing 
and construction of a tunnel. Thus, it is vital to conduct 
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appropriate engineering geological investigations prior 
to any planning process for the construction of tunnels.

Several researches have been performed for evaluating 
the engineering geology and geotechnical characteristics 
of structural projects such as subway tunnels, including: 
Delezalova [19] researched the approaches in numerical 
modeling of ground movements due to shallow tunneling. 
Ozsan et al. [32] carried out the engineering geological 
investigations along the Ankara Metro. Also, Leca and New 
[29] discussed about the settlements induced by tunneling 
in soft ground. Ghiasi et al. [22] have surveyed about the 
subway station seismic consideration based on geotech-
nical study in metro station of Tehran (Iran). Azali et al. [2] 
conducted the engineering geological investigations of 
mechanized tunneling in soft ground in the East–West lot 
of line 7 of Tehran Metro in Iran. Furthermore, Golpasand 
and Nikoudel [21] evaluated the effect of engineering geo-
logical characteristics of Tehran’s recent alluvial on ground 
settlement due to tunneling. Mitew-Czajewska [30] stud-
ied the geotechnical investigation and static analysis of 
deep excavation walls in the construction of Warsaw metro 
station. In the study performed by Sadjadi and Bagherza-
deh Khalkhali [38] the Geotechnical Challenges of Tehran 
Metro Line 7 were evaluated. Eventually, Azarafza et al. 
[4] have carried out the stochastic geometry model of 
rock mass fracture network in the Kani-Sib tunnel in the 
northwest of Iran. Also, Cueto et al. [16] researched the 
Karst detection, prevention and correction in the line 3 of 
Riyadh Metro (Saudi Arabia). Beside, recently other impor-
tant studies have been performed by Cueto et al. [17] in 
the field of engineering geological assessment using geo-
chemical, mineralogical, and petrographic analysis along 
the Riyadh Metro Line 3 (Saudi Arabia).

In this research, engineering geology and geotechni-
cal studies include the study of drilled boreholes, physi-
cal characteristics of existing soils and rocks layers and 
groundwater depth, on the basis of results acquired from 
Standard Penetration Test (SPT), and the chemical charac-
teristics of soils such as the amount of existing sulfate of 
soils of the drilled boreholes, along the route of line 2 of 
Tabriz metro have been analyzed. Study area Tabriz Metro 
Line 2 was selected. According to the development plan of 
the Tabriz subway, four Metro Lines will be built in the near 
future. The construction of Line 2 with a length of 22 km 
has currently started. The total length of TML2 will be exca-
vated by EPB-TBM1, and the depth of the tunnel ranges 
from 9 to 26 m from the ground surface [25]. For study 
area, different researches about geotechnical properties 
and engineering geology have been carried out, for exam-
ple: Ghobadi et al. [23] studied the relationships between 
geological formations and groundwater chemistry and 
their effects on the concrete lining of tunnels in Tabriz 
Metro Line 2. Babazadeh et al. [10] and Mohammad et al. 

[31] evaluated the engineering geological investigations 
along the Tabriz subway extension focusing on ground 
surface settlement and geological-geotechnical risk in 
the use of EPT-TBM, respectively. Moreover, Barzegari et al. 
[11] performed investigations on geotechnical aspects for 
TBM specification on the Tabriz Metro Line 3. Eventually, 
Ghasemian et al. [24] and Oshnaviyeh and Dabiri [34] have 
researched the Settlements Hazard of Soil Due to Lique-
faction and the comparison of Standard Penetration Test 
(SPT) and Shear Wave Velocity (Vs) method in determining 
risk of liquefaction potential along TML2, respectively.

In continuation, first geology and general conditions of 
study have been described. Second, manners used for this 
researches have been expressed. Then, results of analysis 
have been presented.

2 � Materials and methods

In the present study, the 1:100,000 scale, geological map of 
Tabriz area [3], the achieved data from 53 boreholes (Bore-
hole Log) and 15 test pits (Test Pit Log), (See Fig. 1), as well 
as, the obtained data from determining sulfate contents of 
groundwater collected from 53 boreholes were used [33, 
39]. The minimum and maximum depths of the boreholes 
were 15 and 40 m, respectively. Many in situ tests such as 
the PMT, SPT and CPT were performed within the bore-
holes that were drilled along the TML2. Also, groundwa-
ter samples were collected from 53 boreholes along TML2 
for determining the impact of geological formations on 
the groundwater quality. Then, the zoning of boreholes 
of TML2 in terms of the amount of soluble sulfate was 
analyzed. In the Table 1 number of test, testing depth and 
test method that performed in along the TML2 has been 
described.

2.1 � Study area

The metropolis of Tabriz is the capital city of East Azer-
baijan Province in the northwest of Iran between the lati-
tude of 38°00′ and 38°30′ N and the longitude of 46°00′ 
and 46°30′ E covering about 325 km2 of the land (Fig. 2). 
The general topography of this area indicates that Tabriz 
itself lies on a vast plain with a general and gentle slope 
toward the west and relatively higher and NW–SE trend-
ing mountains in the northeast, as well as relatively lower 
and peripheral hills of Sahand volcano in the southwest of 
Tabriz. In addition, the seasonal Mehran Chay River runs 
in an E-W direction in the middle of the city. The drain-
age direction of surface and underground waters within 
the plain of Tabriz is generally toward the Mehran Chay 
River. Engineering and geotechnical studies for design-
ing and constructing Tabriz Metro initiated in 2015 [33]. 
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The network of Tabriz Metro contains four lines with a 
total length of about 100 km. Line 2 of this Metro runs 
about 22.4 km from Basij Square in the eastern margin of 
Tabriz to the main railway station in its western margin 
and includes 20 stations. This line will pass through the 
crowded parts of the city, notably, the business districts. 
The entire route will be situated underground where most 
parts of TML2 are covered by alluvial soils (Fig. 2).

2.2 � Geological setting

Tabriz Metropolis with an average height of 1340 m above 
the sea level forms part of a vast westward sloping plain 
and is mainly covered by alluvial deposits. For study area, 

different researches about the general geological charac-
teristics have been carried out, for example, according to 
studies of Reben [37], the mountains in the northeastern 
side of Tabriz metropolis mainly formed by Middle Mio-
cene Upper Red Formation (URF), including alternating 
layers of red sandstone and marl with some thinner lay-
ers of conglomerate, gypsum and salt. Also, Reben [37] 
showed in his studies the thickness of alluvium varies in 
the margin and center of the Tabriz plain and is approxi-
mately between 50 and 100 m. Based on the studies of 
Babakhani et al. [14] Pliocene lake sediments have gener-
ally occupied the new alluvium of Tabriz city. The thick-
ness of this formation is very significant in some places. 
These sediments are composed of marl and gray clays with 
very soft sands. Agha-Nabati [5] believes that Tabriz city 
is totally covered with recent alluvial sediments and the 
conglomerate, sandstone and marl layers are there under 
the mentioned alluvial sediments. Furthermore, accord-
ing to Azarafza and Ghazifard investigations [6] Tabriz 
metropolis and surrounding areas have been composed 
of young and unconsolidated deposits of mostly rivers and 
glacial sediments belong to Cenozoic and Quaternary for-
mations with different textures and grading. However, the 
peripheral hills of Sahand volcano on the southern side of 

Fig. 1   Position of drilled pits and boreholes at the stations of Line 2 of Tabriz metro on satellite image (Authors)

Table. 1   Type and number of in situ testing performed in along the 
TML2 [33 and 39]

Test method Testing depth 
(m)

Number of 
tests

In situ test

ASTM D4719 5–40 64 PMT
ASTM D1586 5–40 220 SPT
ASTM D3441 3–25 5 CPT
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the city are mainly formed by the pyroclastic sediments 
including the alternating layers of volcanic ash, marl, and 
conglomerate. Based on the results of considering the 
cores of 17 drilling boreholes [33 and 39], the geology of 
the area along the line 2 of Tabriz Metro is mainly formed 
by the alluvial deposits in the areas around the eastern 
end of the line near Basij Square and toward the west 
and near Abbasi Street, which is formed by the alternat-
ing layers of claystone, siltstone, marl, and conglomerate, 
as well as alluvial. In the areas in the middle parts of line 
2 near the great Bazar of Tabriz, in the center of the city, 
the geology of the area is mainly formed by the layers of 
siltstone, marl, and conglomerate and is covered by allu-
vial deposits. Finally, it is mainly formed by the alternat-
ing layers of claystone, siltstone, marl, and is covered by 
alluvial deposits in the areas near the western end of line 
2 of Tabriz Metro (Fig. 3).

In terms of Structural Geology and Tectonics status, the 
study area is located along Alp-Himalaya active belt and 
witness many tectonized occurrences folding and faulting, 
which causes numerous earthquakes [28]. Therefore, Tabriz 
city and its surrounding areas, in the northwest of Iran, like 
the other parts of Iran are all seismically active and there 
are several large-scale active faults. According to Ambra-
seys and Melville [7], since 858AD the area of Tabriz has 
experienced at least 10 devastating earthquakes, which 
occurred in 858, 1042, 1273, 1304, 1550, 1641, 1717, 1721, 
1780 and 1786. Most of these earthquake events caused 
partly or totally destruction of Tabriz city with considerable 

number of human casualties. For example, according to 
Ambraseys and Melville [7], during the year 858 earth-
quake the old Tabriz city totally ruined and during destruc-
tive earthquakes of 1042, 1780 and 1780 with magnitudes 
of + 7 almost all parts of old Tabriz city have been entirely 
ruined and about 40,000 to 70,000 people have been per-
ished. All these information about the major destructive 
historical earthquakes together with information about 
numerous minor and weaker historical earthquakes men-
tioned by other authors and the presence of several dam-
aged ancient buildings in the city of Tabriz are all indica-
tion of this fact that Tabriz area has been always seismically 
active during the period prior to twentieth century.

Among the existing structures in the region, it can be 
mentioned to the major and minor faults, folding’s, salt 
domes in the small scale, cross bedding, unconformities, 
etc., the most important of them is the main fault system 
of North Tabriz Fault (NTF). NTF in the northeastern mar-
gin of Tabriz (Figs. 3 and 4) is the most important geologi-
cal structure of the study area which has great impacts 
on the geology, morphology and earthquake process of 
the region [35]. Based on the studies of Eftekhar-nezhad 
[20] the North Tabriz fault is an old geological fault which 
has been reactivated during different movements. So 
that, based on the studied of A’abedini and Sarmasti [8] 
the North Tabriz fault reactivation in the future can cause 
earthquakes with magnitude over 6 in the epicenter area.

Extreme earthquakes have occurred in connection 
with the activity of the North Tabriz fault. According to 

Fig. 2   Location of the study area in the northwest corner of Iran and TML2 route from the eastern to the western margins of the city 
(Authors)
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Fig. 3   The geological map of the study area and the route of TML2 (Authors)

Fig. 4   North Tabriz Fault and other active faults in the northeast of Tabriz [26]
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Ambraseys and Melville [7], Berberian [12], Berberian and 
Yeats [13] Hessami et al. [27] earthquakes of 1042, 1721, 
and 1780 AD, were associated with the NTF. In addition to 
this fault, there are other smaller faults which according 
to the existing regional earthquake data are seismically 
active. From the other active fault near the study area, we 
can refer to North and South Mishow, Soufian, Dashkasan 
and Goijekh Faults. Eventually, according to the fault sys-
tem activity and the occurred earthquakes in the region 
and observation of fractures in younger sediments, the 
area is tectonically active.

In the eastern part, between Baghmisheh town and 
Marzdaran town, many folds and small faults can be seen, 
which have caused the layers to rotate and break and 
displacement the layers. Figure 5 shows images of these 
faults and the change of bedding slope.

2.3 � Results and discussion

2.3.1 � Route geotechnical studies

Based on the studies of drilled boreholes and pits along 
the route of TML2, types and the thickness of existing soils 
and rocks and groundwater depth and eventually, the 
combination of alluvial layers at different depths in the 
route of metro (according to the ASTM-D-2487 standard 
[15]) were identified (Fig. 6 and Tables 2, 3 and 4). Accord-
ingly, several types of soil and rock layers were recognized, 

which included stone-like layers, coarse-grained and 
fine-grained alluvial layers. Therefore, the tunnel passes 
through different layers along its path.

Consistent with the results of the logs of drilled pits 
(Fig. 6), it was determined that the eastern part of the 
metro route is composed of fine-grained clay, silty and 
coarse-grained sediments, the central and western parts 
consist of coarse-grained and fine-grained alluvial sedi-
ments (areas of Ghara-aghaj) and weak rock layers of clay-
stone, siltstone, sandstone and marlstone.

Investigation of the logs of drilled boreholes (Fig. 6) 
demonstrates that the western part (from the beginning 
of TML2 to km 3 + 500) is composed by of the fine-grained 
silty and clayey alluvial sediments. At the Northern Khatib 
street up to Bazar area (from km 3 + 500 to km 8 + 00) and 
in the central part of the Tabriz city, the subsurface layers, 
generally, have been composed of coarse-grained alluvial 
sediments with pieces of rock (Cobble Stone and Boulder). 
In the areas of Mehran River (Mehran-Chay), Beheshti 
street and Seylab (from km 8 + 00 to km 12 + 500) along 
Abbasi Street, the weak rock layers of claystone, siltstone, 
sandstone and marlstone are observable below alluvial 
layers with thickness of 5 to 15 m. Also, in the areas of 
Fahmideh Square up to Baghmisheh Town (from km 
12 + 500 to km 16 + 00), the subsurface layers mainly have 
been composed of coarse-grained (Gravely-sandy) and 
fine-grained (clay-silty) alluvial sediments. Finally, accord-
ing to these studies, at the end of eastern part of Metro 

Fig. 5   Images of steep and 
faulted marls near L2E10 
borehole in Baghmisheh town 
(a), Faulted marls near L2E13 
borehole in Marzdaran area 
(b), Yellow marl around of 
L2E12 borehole in Barenj area 
(c) and Yellow and green marls 
in around of Baghmisheh Town 
(d) (Authors)

SN Applied Sciences (2021) 3:526 | https://doi.org/10.1007/s42452-021-04535-2



Vol.:(0123456789)

	 Research Article

route and the areas of Barenj up to Basij square (from km 
16 + 00 to km 20 + 00), most of the existing layers have 
been composed of weak rock layers of claystone, siltstone, 
sandstone and marlstone. Accordingly, the surface and 
deeper layers consisted of alluvium and sedimentary rock, 
respectively. The thickness of alluvial layers which is the 
combination of clay, silt, sand and gravel, varies between 6 
and 30 m. In the continuation of these studies, the geology 
profile along TML2 is presented (Fig. 7).

As stated in Tables 2, 3 and 4, the combinations of allu-
vial layers in the western and central parts of the route of 
Tabriz Metro Line 2 are in group of sand (SM) and silt (ML). 
So that, in the areas of Northern Khatib and Mehran River 
(Mehran-Chay) soils of sand (SM) are observable. Also, the 
eastern part of the route of Metro is composed of silt (ML), 
sand (SM) and coarse-grained soils (GM) and in the areas 
of Baghmisheh Township and Marzdaran town coarse-
grained soils can be seen.

Fig. 6   Logs of drilled pits and boreholes (a and b) along the route of line 2 of Tabriz metro (Authors)

Table 2   Geotechnical specifications of alluvial layers at different 
depths in the western part of TML2

Western part (Gharamalek—Norhern Khatib)

Borehole Depth (m) USCS Borehole Depth (m) USCS

L2W3 7.0–8.5 ML BH-24 9.0–10.5 ML
L2W2 7.0–8.5 ML 15.0–16.5 ML

14.0–15.5 SM BH-23 7.0–8.5 SM
L2W1 7.0–8.5 CL 14.0–15.5 ML

14.0–15.5 ML BH-22 7.0–8.5 SM
BH-26 10.0–11.5 SM 15.0–16.5 CL

14.5–16.0 SM BH-21 7.0–8.5 CL
20.0–21.5 SM 14.0–15.5 SM

BH-25 7.0–8.5 CL BH-20 7.0–8.5 SM
14.0–15.5 CL 16.0–17.5 SM
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Studies of variations of the groundwater depth in bore-
holes of the line 2 of Tabriz metro (Figs. 6 and 7) indicate 
that the groundwater depth in the western, central and 
eastern parts varies between 12.5 to 17.5, 4.5 to 30 and 1.5 
to 26.5 m respectively. Accordingly, all boreholes of TML2 
reach to the groundwater level at different depths.

2.3.2 � Results of Standard Penetration Tests (SPT)

The purpose of the standard penetration test (SPT) is to 
determine the relative density and consistency of the 
sub-soils, and to obtain disturbed soil samples for field 
visual identification of soil samples. This test is the most 
frequently used subsurface exploration drilling test per-
formed worldwide. In the study area, standard penetration 
tests (SPT) in order to evaluating the density of soil and 
rock were performed in all of the drilled boreholes at 1.5 m 
intervals. All of these tests have been carried out accord-
ing to the ASTM D1586 standard [1]. In this research from 
53 drilled boreholes up to 40 m depth by the continuous 
rotary coring technique were used. Figures 8 and 9 dem-
onstrate the results of variation of SPT-N with depth and 
the trend lines SPT-N/depth in the drilled boreholes in the 
route of TML2, respectively.

As it is clear from Figs. 8 and 9, the SPT number increases 
with depth, so that in most of the boreholes from depth 
of about 24 m, the SPT number is generally more than 50, 
thus, it means that the density of soil increases by increase 
in depth and for this reason soils of the study area are clas-
sified as medium to very high compacted soils.

According to the results of standard penetration test, 
the SPT number also increases from western parts of 
TML2 to its eastern parts again from and the standard 
penetration test values (N-SPT) [9], the soils of western 
parts (Gharamalak-Ghara Aghaj area) are classified in the 
group of dense to very dense, the soils of central parts and 
areas of Bazar and Fahmideh are very dense and dense, 
respectively, and soils of Baghmisheh township and Basij 
square, the eastern parts of the study area are classified in 
the group of very dense (Fig. 8).

2.3.3 � Investigation of the existing sulfate values

Harmful chemical materials of soil can have destructive 
effects on concrete structures buried in the soil, which can 
cause problems in structures such as tunnels and stations 
over a long period of time. One of these harmful chemical 
materials of soil is sulfates. Damage caused by sulfate is 
one of the new problems which reduces age of concrete 
structures. This failure causes the volume increase in con-
crete crystals with respect to the volume of the raw mate-
rial of the concrete, increases, which causes pressure in 
the concrete cavities and as a result causes cracks in it. 

Table 3   Geotechnical specifications of alluvial layers at different 
depths in the central part of TML2

Central part (Bazar-Fahmideh Square)

Borehole Depth (m) USCS Borehole Depth (m) USCS

BH-19 7.0–8.5 SM BH-7 8.5–10.0 SM
BH-18 7.5–9.0 CL 14.0–15.5 CL
BH-17 7.0–8.5 ML 19.0–20.5 CL
BH-16 7.0–8.5 ML 24.0–25.5 ML
BH-14 7.5–9.0 CL BH-6 8.0–9.5 ML
BH-12 8.2–9.7 SM 14.0–15.5 ML
BH-11 10.0–11.5 SM BH-5 6.0–7.5 CL

15.0–16.5 SM 14.0–15.5 SM
22.0–23.5 SM BH-4 6.0–7.5 SP-SM

BH-10 14.0–15.5 SC 17.0–18.5 ML
19.0–20.5 ML BH-3 6.0–7.5 SM

BH-9 7.0–8.5 ML 14.5–16.0 SC
20.0–21.5 ML BH-2 6.0–7.5 CL

BH-8 7.0–8.5 ML 14.2–15.7 CL
14.0–15.5 ML BH-1 6.0–7.5 CL
18.0–19.5 ML 14.5–16.0 CL
24.0–25.5 CL

Table 4   Geotechnical specifications of alluvial layers at different 
depths in the eastern part of TML2

Eastern part (Baghmisheh Town-Basij Square)

Borehole Depth (m) USCS Borehole Depth (m) USCS

L2E1 7.0–8.5 ML L2E12 7.0–8.5 ML
14.0–15.5 ML 14.0–15.5 CL
22.0–23.5 CL L2E13 7.0–8.5 ML

L2E2 6.0–7.5 ML 14.0–15.5 ML
14.0–15.5 ML 18.0–19.5 CL

L2E3 5.0–6.5 GM 24.0–25.5 ML
14.0–15.5 SM L2E14 7.0–8.5 GM

L2E4 5.0–6.5 ML 14.0–15.5 CL
15.0–16.5 SM 19.0–20.5 CL

L2E5 5.5–7.0 ML L2E15 5.0–6.5 ML
14.0–15.5 ML 14.0–15.5 CL

L2E6 8.0–9.5 SM L2E16 7.0–8.5 CL
14.0–15.5 SM 14.0–15.5 ML
21.0–22.5 ML 18.0–19.5 ML

L2E7 97.0–8.5 SM L2E17 7.0–8.5 ML
L2E8 14.0–15.5 CL 18.0–19.5 SM
L2E9 5.0–6.5 ML L2E18 7.0–8.5 SM

15.0–16.5 CL 18.5–20.0 CL
L2E10 5.0–6.5 CL L2E19 5.0–6.5 CL

13.0–14.5 ML 13.0–14.5 CL
L2E11 5.0–6.5 SM

13.0–14.5 ML
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Therefore, sulfate attacks in concrete are one of the factors 
that may reduce the useful age of the structure in the long 
term, so that its repair is not easily possible. Accordingly, 

in the study area chemical analysis tests were performed 
on 100 samples.

In order to investigate the amount of soluble sul-
fate in the boreholes of the route of line 2 Tabriz Metro, 

Fig. 7   Geology profile along TML2 (Authors)
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Fig. 8   Variation of SPT-N with depth along the TML2: a Western, b, c Central and d, e Eastern parts (Authors)

Fig. 9   The trend lines SPT-N/
depth in the route of TML2 
(Authors)
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according to Concrete Code of Iran (CCI) [36], the amount 
of sulfate was evaluated. Summary of the results of these 
studies is presented below (Table 5).

According to the results of conducted tests, the 
amount of sulfate in the soil is between 200 and 
26,500 ppm. Accordingly, the amount of soluble sulfate 
in the soils of the western (Qaramalek, Qara Aghaj and 
Bagheh Golestan areas), central (Bazar, Sheshgelan and 
Fahmideh areas) and eastern parts (areas of Baghmisheh 
Town, Barenj and Basij Square) of the route of TML2 var-
ies, respectively, 200 to 1300 ppm, 200 to 3600 ppm 
and 200 and 26,500 ppm. Also, based on this investiga-
tions the average of sulfate in the western, central and 
eastern parts is, respectively, 1118, 1275 and 4840 ppm 
(Table 5). In the continuation of these studies, zoning 

of boreholes of TML2 in terms of the amount of soluble 
sulfate is shown in Fig. 10.

As can be seen in Fig. 10, the amount of soluble sul-
fate in the soil is mild to extremely high. Accordingly, the 
amount of sulfate increases from the western to the east-
ern parts. So that the amount of sulfate in the central parts 
is less than 1300 ppm while in the eastern parts this value 
reaches to 5000 ppm. Even in boreholes of L2E12, L2E13, 
L2E14, L2E16, L2E18 and L2E19 in the areas of Baranj, 
Marzdaran town and Basij Square this value reaches up to 
26,500 ppm and extreme conditions in terms of soluble 
sulfate. It should be noted that the high sulfate ion in the 
eastern parts is due to the presence of gypsum soils and 
gypsum veins in the existing fractures. So that, subsurface 
section investigations (drilled boreholes and pits), the type 

Table 5   Summary of the 
amount of soluble sulfate in 
the soil in the route of Tabriz 
Metro Line 2 (Authors)

Area SO
−2

4
(ppm) Mean 

of SO−2

4
 

(ppm)

Western Part (Gharamalek, Qara Aghaj and Bagheh Gholestan areas) Maximum 1300 1118
Minimum 200

Central Part (Bazar, Sheshgelan and Fahmideh areas) Maximum 3600 1275
Minimum 200

Eastern part (areas of Baghmisheh Town, Barenj and Basij Square) Maximum 26,500 4840
Minimum 200

Fig. 10   Zoning of boreholes of line 2 of Tabriz Metro in terms of the amount of soluble sulfate (Authors)
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and thickness of existing soils and rocks (Figs. 6 and 7) 
indicate that these areas composed of sediments of yel-
low and green marls and layers of gypsum. Therefore, it is 
suggested that in this part of the tunnel route, in order to 
improve the resistance of concrete against sulfate attack, 
various types of additives including microsilica, zeolite, fly 
ash, metakaolin and nanosilica should be used as a sub-
stitute for cement.

2.4 � Conclusions

The present study conducted in order to determine the 
engineering geology and geotechnical details of soils and 
rocks along the line 2 of Tabriz metro by using the informa-
tion and raw data which were acquired by borehole drill-
ing and all field and laboratory tests, such as the results of 
STP in situ tests and the results of laboratory tests, such as 
physical and chemical properties of soils and rocks along 
the line 2 of Tabriz metro.

The results of considering geological setting of study 
area revealed that the areas along TML2, mainly formed 
by alternating layers of claystone, siltstone, marl, and 
conglomerate, covered mainly by the alluvial deposits 
and in addition to older, dextral, strike-slip North Tabriz 
Fault (NTF) which is a major and most important geologi-
cal structure of Tabriz area, there are also many minor and 
generally young and seismically active faults. The results 
of investigation on the groundwater depth in boreholes 
of TML2 also indicated that the groundwater depth varies 
between 12.5 and 17.5 m, in the western parts, between 
4.5 and 30 m, in the central parts, and between 1.5 and 
26.5 m in the eastern parts. The results of performing 
standard penetration tests (SPT) in order to evaluating 
the density of soil and rock, which performed in all of the 
drilled boreholes at 1.5 m revealed that soils of the west-
ern parts of TML2 are in the group of dense to very dense, 
the central parts are in the group of very dense (Bazaar 
area) and dense (Fahmideh area), and the eastern parts 
are very dense. Therefore, according to the results of SPT 
values in the western and central parts, all of the safety 
measures should be taken into account for designing and 
construction of tunnels of these zones and insure their 
long-term stability. And finally the results achieved from 
determining groundwater sulfate values according to Con-
crete Code of Iran (CCI) [36], indicated that the amount of 
soluble sulfate in the soil is mild to extremely high. Accord-
ingly, the amount of sulfate increases from the western to 
the eastern parts. So that, this values is between 200 and 
26,500 ppm. Based on these studies, the amount of soluble 
sulfate in the soils of the western (Qaramalek, Qara Aghaj 
and Bagheh Golestan areas), central (Bazar, Sheshgelan 
and Fahmideh areas) and eastern parts (areas of Baghm-
isheh Town, Barenj and Basij Square) of the route of TML2 

varies, respectively, 200 to 1300 ppm, 200 to 3600 ppm 
and 200 and 26,500 ppm. Also, the average of sulfate in 
the western, central and eastern parts is, respectively, 
1118, 1275 and 4840 ppm. Therefore, due to the high 
amounts of soluble sulfate within the eastern part, it is 
recommended that the Concrete Code of Iran (CCI) should 
be observed more precise and for increasing resistance 
of soils and rocks of these zones against sulfate attacks, 
various types of additives including Micro Silica, Zeolite, 
Fly ash, Metakaolin and Nanosilica should be used as a 
substitute for some cement.
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