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Determining the Critical Depth of Excava- 1l this paper, the effect of the burden of neighboring buildings on the stabili-
tion and Investigating the Effect of Faulton  ty of holes in a part of coarse-grained alluvial deposits of northern Tehran has
the Resistance of Tehran Alluvial. Open
Journal of Geology, 8, 1027-1041.
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been investigated. For this purpose two numerical and partial equilibrium
methods have been used with FLAC and SLIDE software. As, the holes in the
study area to the depth of 20 m in the without load state of the neighboring
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ters from the depth edge were analyzed, and the results were compared and
finally using the SLIDE software the guardian structure for deep recessed ex-
Copyright © 2018 by authors and cavations was suggested which with this proposed guardian structure a high
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1. Introduction

Due to the development of construction in the city of Tehran and the necessity
of excavation, the development of geological classification for engineering pur-
poses and in particular excavation seems necessary. For this purpose, in the
present research, a part of the northwest alluvial deposits of Tehran is investi-
gated in terms of engineering geology, and according to the alluvial the best me-
thod of excavation is suggested.

In this study sustainability analysis methods (numerical method and partial
equilibrium) have been used. Also holes stability analysis has been done with

numerical and partial equilibrium method for each section in different states in-
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cluding: Vertical and no-load mode along edge of the depth with numerical
method using FLAC software, Vertical and 5-story building load mode of the
depth at a distance of 3 meters from the edge of the depth with numerical me-
thod using FLAC software, Vertical and unloaded mode along the edge of the
depth by partial equilibrium method using the Slide software and Vertical
holes and 5-story building load mode of the depth at a distance of 3 meters
from the edge of the depth by partial equilibrium method using the Slide soft-

ware.

2. Geology of the Study Area

The study area is generally composed of Quaternary alluvial units due to many
faults and high buildings. These deposits are divided into different units accord-
ing to the study which include: Alluvial Formation of Hezardareh (Alluvial A of
the Age of Pliocene), Heterogeneous Alluvial Formation in North of Tehran
(Alluvial Bn) and Kahrizak clay silt (Alluvial Bs) (Indices n and s refer to the
north and south) (Quaternary Pleistocene), Alluvial Formation of Tehran (Al-
luvial C to Quaternary Pleistocene) and current Alluvial (Alluvial D in the Ho-
locene Quaternary period). Accordingly, the type of alluvial deposits of the study
area according to the studies carried out by cheshmi et a/ and based on the soil
characteristics of the site of the depths and Objective observations of the studied
depths (Amir Kabir and Niavaran) have been identified as Type C Alluvial spe-
cies [1] (Figure 1).

3. Methods

In general, the available methods for sustainability analysis can be divided into

two groups of numerical methods and partial equilibrium method [2].

3.1. Sustainability Analysis with FLAC Software

This software (FLAC), which is suitable for modeling large deformations, has the
ability to model the behavior of soil, stone or other materials that may be found

the pasty flow when they reach to the Limit surrender.

Figure 1. The sections studied in the box on Tehran Geological Survey 1:130,000.
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The SLIDE software is used to study the geomechanical characteristics, the
geometry of the unstable region and the groundwater level and by highly de-
tailed mathematical analysis provides a complete report of soil and rock me-
chanics and their effects in sustained conditions.

3.2. Holes Stability Analysis and Propose a Maintenance Method

In these analyzes the load of the lateral structure varies depending on the type of
skeleton and how it is executed and how the calculations are based on engineer-
ing principles. For each floor one kilo Newton/m” of load is considered to be be-
low ground that in analyzes the 5-floor building load is considered at a distance
of 3 meters from the edge of the depth. The method of this study was to first
analyze the hole in the normal way regardless of the neighboring building load
to a depth of 20 meters in numerical and partial equilibrium using FLAC and
SLIDE software, as first the depth of the hole was 1 m and the corresponding re-
liability coefficient was calculated and then in each step up to 20 m deep depth of
the hole increased by 1 m and the confidence coefficients were calculated and
recorded.

In Figure 2 and Figure 3 an example of the outputs of the FLAC and SLIDE
software for the Amir Kabir hole at depths of 17 and 9 meters is shown respec-
tively. As it can be seen based on the output of FLAC software in the case of a
depth of 17 meters the confidence coefficient is 0.27 and according to the output
of SLIDE software when the depth is 9 meters the coefficient of confidence is
0.45.

JOB TITLE: Amir Kabir (*10°1)
FLAC (Version 4.00)
LEGEND 2200
15-Jul-13 23:32
2.000
Max. shear strain-rate
2.00E-07
4.00E-07 1500
6.00E-07
8.00E-07
1.00E-06
. I 1.000
Contour interval= 2.00E-07
(zero contour omitted)
Boundary plot
T T N ST SO S S S |
0 1E 1 I0.500
I-0.000
Itasca Consulting Group, Inc.
Minneapolis, Minnesota USA : r T T T T T T T T
0.250 0.750 1.250 (*10°) 1.750 2.250 2.750

Figure 2. Analysis with FLAC software in the without load states at depths of 17 meters (Amir Kabir hole).
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Figure 3. Analysis with SLIDE software in the without load states at depths of 9 meters (Amir Kabir hole).

After analyzes a 5-story building load has been calculated in normal operation
and this time it is placed at a distance of 3 meters from the edge of the hole. The
effect of it on hole stability has been investigated in two numerical and partial
equilibrium methods and the corresponding results have been recorded. In Fig-
ure 4 a sample of analyzes performed by the FLAC software is shown for a situa-
tion in which the load of a neighboring building is at a distance of 3 meters from
the edge of the hole and a depth of the hole is 5 meters.

In Figure 5 a sample of analyzes performed by the SLIDE software is shown
for the case where the load is located at a distance of 3 meters from the edge of
the hole and the depth of the hole is 14 m.

The results of the analyzes performed for Amir Kabir hole in normal mode
and the existence of the neighboring building load are shown in Table 1 that the
red values represent the critical depth of the excavation, their diagrams in the
form of the changes in the reliability coefficient versus depth of excavation for
each numerical method and partial equilibrium are shown in Figure 6 as the
depth of excavation increases the Confidence coefficients follows a downward
trend.

The minimum Confidence coefficients considered for stability in most projects
for slopes and recesses is 1.5 [3].

In Figure 7 and Figure 8 a sample of FLAC and SLIDE software outputs for
the Niavaran hole at depths of 5 and 15 meters is shown respectively. As it can
be seen based on the output of the FLAC software in the case of a depth of 5 me-
ters the confidence coefficient is 1.04 and based on the output of SLIDE software
when the depth is 8 meters the confidence coefficient is 0.95.

After performing analyzes in normal mode the load of a 5-story building was
calculated and this time within a distance of 3 meters from the edge of the hole

its effect on the stability of the hole is investigated by numerical and partial equi-
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librium and the corresponding results are recorded. In Figure 9 a sample of
analyzes performed by the FLAC software is shown for the case where the load
of the neighboring building is located at a distance of 3 meters from the edge of
the hole and the depth of the hole is 10 meters.

JOB TITLE: Amir Kabir (*10"1)
FLAC (Version 4.00)
L 2.500
LEGEND
14-Jul-13 15:40 i
L 2.000
Max. shear strain-rate
5.00E-07
L 1.500
1.00E-06
1.50E-06
2.00E-06
2.50E-06
L 1.000
Contour interval= 5.00E-07
(zero contour omitted)
Boundary plot -
s 5 4 Gt 4 4 G § 4
0 1E 1 | 0.500
Net Applied Forces
Max Vector = 8.500E+05
Ly 1 Ly 1
0 2E 6 L 0.000
Itasca Consulting Group, Inc.
Minneapolis, Minnesota USA : : - : - ; . : ; ; .
0.250 0.750 1.250 (*10°1) 1.750 2.250 2.750
Figure 4. Analysis with FLAC software in the with load states at depths of 5 meters (Amir Kabir hole).
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Figure 5. Analysis with SLIDE software in the with load states at depths of 14 meters (Amir Kabir hole).
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Figure 6. Depth-confidence change for both SLIDE and FLAC software for normal and pregnant

mode (Amirkair hole).
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Figure 7. Analysis with FLAC software in the normal states at depth of 5 meters (Niavaran hole).
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Figure 8. Analsis with SLIDE software in the normal states at depths of 15 meters (Niavaran hole).
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Figure 9. Analysis with FLAC software in the with load states at depths of 10 meters at distance of 3 meters

(Niavaran hole).

Table 1. Confidence coefficients obtained at different excavation depths using numerical

and partial equilibrium methods for Amir Kabir hole.

Analysis with FLAC Analysis with SLIDE

Confidence Confidence Confidence

Confidence coefficients

(m) coefficients in  coefficients with load coefficients in K .
X with load in 3 meter
normal mode in 3 meter normal mode
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Continued

1 1.93 0.73 1.50 1.50
2 1.22 0.55 1.01 1

3 0.93 0.46 0.83 0.83
4 0.74 0.37 0.75 0.75
5 0.64 0.33 0.72 0.72
6 0.57 0.30 0.67 0.67
7 0.51 0.25 0.65 0.65
8 0.46 0.22 0.62 0.62
9 0.41 0.17 0.58 0.58
10 0.38 0.14 0.56 0.56

In Figure 10 a sample of analyzes performed by the SLIDE software is shown
for the case where the load is located at a distance of 3 meters from the edge of
the hole and a depth of hole is 9 meters.

The results of the analyzes performed for Niavaran hole in the normal state
and the existence of the neighboring building load are shown in Table 2 that the
red values represent the critical depth of the excavation. Their diagrams in the
form of changes in the confidence coefficient versus depth of excavation for each
numerical method and partial balance are shown in Figure 11 as the depth of

excavation increases the confidence coefficient follows a downward trend.

3.3. The Effect of Fault in Determining the Critical Depth of
Excavation in Niavaran Hole Alluvial

This hole is located on the Niavaran fault which can be used to detect this fault
in the TP, to TP8 section in Figure 12.

In the cross-section we are seeing the displacement of coarse-grained soil
without gravel which contains rubble.

Due to manual drill boreholes the upper depths mainly consist of layers of
sand and gravel which turns into coarse soil. After 12 meters deep rubble was
added to the coarse soil (Figure 13).

4. Discussion and Conclusion

Amir Kabir hole is located on the C alluvial of Tehran and numerical results
show that in the absence of neighboring building load the depth of excavation is
in the range of 1 to 1.5 meters, and also the results of the extreme equilibrium
method in this case indicate that the depth of the stable hole is in the range of 1
meter.

When the load is placed at a distance of 3 meters from the edge of the hole,
the results of the numerical method indicate that there is no possibility of stable
excavation and the reason is that in the FLAC software in this situation there

follows the emergence of a local instability problem and the software cannot
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solve the total force for the entire system. As a result the resulting confidence
coefficient is related to the soil under the load from the building not the edge of
the hole.

Table 2. Confidence coefficient obtained at different excavation depth using numerical
and partial equilibrim methods for Niavaran hole. According to this charts, they show
changes in the reliability coefficient versus depth of excavation for each numerical and
partial equilibrium method in Figure 11. By increasing the depth of excavation, the
confidence coefficient follows a downward trend.

Analysis with L X
FLAC Analysis with Slide
Confidence Confidence
Confidence coefficients with Confidence coefficients with

load (5 storey load (5 storey

Depth (m) coefficients in building) at a coefficients in building) at a distance
normal mode distance of 3 meters normal mode of 3 meters from the
from the hole edge hole edge
1 4.21 0.87 3.33 3.31
2 2.18 0.70 1.89 1.88
3 1.52 0.58 1.42 1.42
4 1.22 0.50 1.2 1.2
5 1.04 0.46 1.09 1.09
6 0.91 0.42 1.04 1.04
7 0.82 0.38 0.99 0.99
8 0.75 0.34 0.95 0.94
9 0.67 0.30 0.90 0.90
10 0.61 0.28 0.86 0.86
30
20
J Safety Fator

40 30 20 ' 10 0 10 2 30 4 50

Figure 10. Analsis with SLIDE software in the with load states at depths of 8 meters at distance of 3 meters (Niavaran hole).
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Figure 12. Cross section of Niavaran hole from TP2 to TP8. Due to the fault of
Niavaran, there is a level of displacement [4].

Figure 13. Rock fragments at a depth of 16 meters in the TP7 borehole.
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However, the results of the equilibrium method indicate that when the load is
located at a distance of 3 meters from the edge of the hole, the depth of the Sus-
tainable hole is up to 1 meter and the difference is very low. Of course it should
be noted that SLIDE software does not have much effect on its instability when
the load will fall outside the slipping area, and as it is seen in the corresponding
figure on the output of the SLIDE software when the load is located at a distance
of 3 meters from the edge of the hole. The load arrived to the building to a small
percentage of the slip area and cannot correctly reflect the impact of the load on
the instability of the hole. Of course this does not mean that the results of the
equilibrium method cannot be used to investigate the effect of the load on the
instability of the hole but it means that up to a depth of one meter can be exca-
vated without the guardian structure, but on the side building foundation due to
the poor geotechnical characteristics of the project site soil We will have a de-
formation not a possible fall.

For deep excavations in this area, when the load is located at a distance of 3
meters from the edge of the hole with the SLIDE software the length of the guard
structure is 16 meters and is placed at a slope of 15 degrees on the hole and the
mechanical characteristics are as follows:

Support Properties

Support: Support 1

Support 1

Support Type: End Anchored;

Force Application: Active;

Out-of-Plane Spacing: 0.9 m;

Anchor Capacity: 80 kN.

A sample of analyzes conducted with the encouraging guard structure con-
structed by the SLIDE software is shown in Figure 14.

In order to verify the results obtained from the analysis carried out in this hole
a field observation was done. In the visits there was little difference between the
results and the constant depth of the hole in reality. Figure 15 refers to a hole in
the collapse of Tajrish, and the characteristics of its engineering geology are sim-
ilar to those of the geological hole and as seen in the hole shown. The hole has
remained steady in the presence of the neighboring building load to a depth of 1
m without the guard structure (The point of this figure is that at a distance of
one meter of the edges of the lateral structure are stable).

The Niavaran hole is located on Tehran’s C alluvial and the results of numer-
ical methods show that in the absence of neighboring building load the depth of
excavation is 3 meters in length and also the results of the partial equilibrium
method in this case indicate that the depth of the steady hole is in the range of 2
to 2.5 meters. When the load is placed at a distance of 3 meters from the edge of
the hole, the results of the numerical method indicate that there is no possibility
of stable excavation and the reason is that in FLAC software in this situation

follows the emergence of topical instability and the software cannot solve the
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input force for the whole system. As a result the confidence coefficient is related
to the soil under load from the building not the edge of the hole. However the
results of the equilibrium method indicate that when the load is located at a dis-
tance of 3 meters from the edge of the hole, the depth of the stable hole is 2 to
2.5 meters, and up to 6 meters it is stable critically and the difference is very low.
Of course it’s worth mentioning in SLIDE software when the load is outside the
sliding area it will not have much effect on its instability, and as seen in the cor-
responding figure on the output of the SLIDE software when the load is located
at a distance of 3 meters from the edge of the hole the load arrived from the
building to a small percentage of the slip area and cannot correctly reflect the
impact of the load on the instability of the hole. Certainly, this does not mean
that the results of the equilibrium method cannot be used to investigate the ef-
fect of the load on the instability of the hole but it means that up to a depth of 2
to 2.5 meters can be excavated without a guardian structure, but on the side
building foundation due to the poor geotechnical characteristics of the project
site soil We will have a deformation not a possible fall. For deep excavations in
this area, when the load is located at a distance of 3 meters from the edge of the
hole with the SLIDE software the length of the guard structure is 16 meters and
is placed at a slope of 15 degrees on the hole and the mechanical characteristics
are as follows:

Support Properties

Support: Support 1

Support 1

Support Type: End Anchored;
Force Application: Active;
Out-of-Plane Spacing: 1 m;
Anchor Capacity: 70 kN.
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Figure 14. SLIDE Software Output For a condition where the load is located at a distance of 3 meters from the edge of the hole
and using the guard structure of the encouraging the depth of the hole is 15 m.
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A sample of analyzes conducted with the guardian structure of the encourag-
ing performed by the SLIDE software is shown in Figure 16.

In the end for the verification the results of field surveys have been done.

In the observations, there has been little difference between the results and the
depth of the stable hole in reality. Figure 17 is related to the southwest of the
Niavaran hole which will remain steady to a depth of 3 meters without a guar-
dian structure in the without load state of the neighboring building, and to a
depth of 6 meters will be steady critically.

By analyzing two extreme equilibrium methods using slide software and nu-
merical method using FLAC software we obtained confidence coefficients in
each meter of the holes that Based on the type of alluvial Table 3 can be plotted.
Due to the geologic characteristics of the Niavaran hole, which is located on the
fault, faulting in this hole has caused a crushed zone to be created and finally the
cementation of this section of C alluvial is more than the other sections and The

critical depth of excavation in this part of the alluvial is higher than other sections.

Figure 15. The hole located near the Tajriysh with a
depth of 3 meters (summer 1392) Niavaran hole.

Table 3. Critical depth of excavation in area with faults and without faults.

Critical excavation depth in meters Alluvial Type

Existence of a 5-storey building load at a

Mode of neighboring load
distance of 3 meters from the edge of the hole ode ol nelghiboring foa The name of
In terms of In terms the hole
. T . . . the table of map
Encouraging characteristics with a Partial Numerical Partial

confidence coefficient of 1.5 Equilibrium equilibrium Equilibrium
Length 16 m, slope 15°, tensile 6 5 6 c C Niavaran

strength 80 kN, distance 1 m (fault)
Length 16 m, sl 15°, tensil Ami

eng m, s opf ensile 5 25 5 c c m1'r
strength 80 kN, distance 0.9 m Kabir
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Figure 16. SLIDE software output for a condition where the load is located at a distance of 3 meters from the edge of the hole and
using the guard structure of the encouraging the depths of the hole is 12 m.

Figure 17. The Southwest of the Niavaran hole that has fallen.
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