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Bearing Capacity of Strip Footings in various Locations with Respect to Sloping Ground

M. Haghbin

Abstract The purpose of footing design is transferring structure load to soil without causing shear
failure and extra settlement in soil. Therefore, footing bearing capacity should be considered in various
projects. In special case, footings are placed in various positions with respect to slope ground and
position of ground slope affects footing bearing capacity. In fact, slope affects failure surface of soil
beneath the foundation remarkably and therefore, footing location with respect to slope must be cared to
determine exact footing bearing capacity. In present paper, analytical method is presented based on soil
stability beneath the footing. Virtual retaining wall method is used in present study and by applying
equilibrium between active and passive forces on virtual wall, footing bearing capacity on reinforced and
unreinforced soils is determined in various positions with respect to slope ground. Also, varied
parameters include soil resistance, footing spacing with respect to slope ground, width and depth of
foundation and seismic coefficient. Results indicate, in various depths and widths of foundation, bearing
capacity of footing on flat ground is more than top of slope and bearing capacity of footing top of slope is
more than down of slope. Also, bearing capacity of footing on slope is minimum. Based on proposed
method, footing location with respect to slope affects passive and active force on virtual retaining wall
and footing bearing capacity remarkably. Also, the proposed method can determine effect of slope angle
and reinforcement on footing bearing capacity. Presented method indicates effective distance from slope
crest is almost 4.5B. Finally, the predicted results are compared with those reported from analytical and
experimental methods performed by others, indicating an acceptable agreement.

Key Words Footing Bearing Capacity, Slope Ground, Seismic Coefficient, Footing Spacing, Depth and
Width of Footing.
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Determination of Critical Slip Surface in Earth Slopes Using Alternating Variable Local
Gradient

M. Hajiazizi F. Heydari

Abstract To find the critical slip surface is one of the most important steps in this analysis. The shape of
slip surface in many analyses is circular which convenience for calculating is. Optimization methods are
one of the methods to find critical slip surface. In this paper is presented a new method to find critical slip
surface and minimum factor of safety using DOSS program. DOSS program is written by authors in
FORTRAN and can find critical circular slip surface by using grid search and critical line segments slip
surface by using optimization method. This program is applicable for homogeneous and non-
homogeneous materials with water level. The examples prove the efficiency and precision of the
suggested method.

Key Words Stability Analysis, Limit Equilibrium, Earth Slope, Critical Slip Surface, Alternating
Variable Local Gradient.
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Experimental Study of Flow Characteristics in Sluice Gates with Cylindrical Edges and
Half-Cylindrical Edges

M. Nourollahi A.N. Ziaei A.A. Beheshti

Abstract Sluice gates are widely used for water level control and flow measurement in open channels.
The sharp edge of sluice gates causes low contraction coefficient (Cc) and limited flow rate capacity.
Here, the performance of a new sluice gate which is consisted of a sharp-edged sluice gate and a drum
gate (a sluice gate with a cylindrical end) is experimentally evaluated. Since the streamline leaves the
gate more smoothly, Cc is considerably increased. i.e., from 0.6 in sharp edged gates reached to 1.0 in
cylindrical-edged gates. Moreover for a given upstream depth, this gate was less likely to become
submerged compared to an equivalent sharp edged sluice gate. For upstream water depth of gate to
opening of gate(HO/W) in range 4-18,tailwater depth to opening of gate( yt/W) increased up to 22 percent
for drum diameter of 63, 90, 125 and 200 mm. This feature obviates the need to increase the free board
height in the upstream channel and refrains from upstream overflow whenever unexpected downstream
tail water rise occurs. Moreover, distinguishing condition curves for these gates were obtained.

Key Words Contraction Coefficient, Drum Gate, Sharp-Edge Sluice Gate.
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Field Study of The effect of Drilling Type on tensile strength and creep behavior of soil
nails in Tabriz Green marl

Gh. Moradi S. Zadkarim H. Katebi

Abstract Using the Soil Nailing due to its numerous advantages, the traditional approach is to stabilize
the excavation walls fitted. Due to the different behavior of marl soils in short and long-term and
fundamental role of friction between soil cement grout around the walls were nailed, In this study, tensile
strength and creep behavior of soil nails to maintain green marl are discussed. Therefore, the number 6
nails diameter of 11 cm and a length of 4 m in vertical and 2 achieve the same as the horizontal at an
angle of 15 degrees to the horizon scale has been constructed and the effect of Drillings Type on the
tensile strength and creep behavior were investigated. the results indicates 20 to 25% increasing in
tensile strength of nails in vertical mode and 15% increasing in a horizontal mode implemented with non-
smooth drill compared to smooth drill.

Key Words Marl, Soil Nailing, Drilling Type, Tensile Strength, Creep, Field Study.
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Damage Detection of Steel Plate Shear Walls by Wavelet Transform

A. Abbasi S. R. Hoseini Vaez Gh. Ghodrati Amiri

Abstract One of the methods for damage detection is dynamic methods based on the signal, which can
be used to detect damage in the structures through signal processing. In this study, wavelet transform is
used in order to determine the location and extent of the damage in steel plate shear walls so that the
mode shape of modal analysis is decomposed as the input signal by wavelet transform and in the case of
damage, it is possible to identify its accurate location. As a result, by using this transform without
information of healthy structure, the possible damage scenarios that occur in the structure can be
detected through disturbances which are created in the signal or the mode shapes of steel plate shear
walls.

Key Words Damage Detection, Signal Processing, Steel Plate Shear Walls, Mode Shape of Structure,
Wavelet Algorithm.
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Performance Levels of Tall and Irregular RC Structures, before and after Reinforcing by
Steel Bracing, under Nonlinear Static and Dynamic Analysis

H. Jarrahi A. Keramati

Abstract A building may need retrofitting, based on change of occupancy, change in design codes or
deficiencies in design or performance. One method used early years for seismic retrofitting of reinforced
concrete frame is by using steel bracing. In this article, first, the formation of plastic hingesand
performance levels provided by RC structures are determined by nonlinear static and dynamic analysis;
then, these structures reinforced by steel bracing and re-evaluate for performance levels and contrast
with first condition. Structures are selected of two different plans in 10- and 15-story. Moreover, the
structures of this study, in addition to being tall, are selected irregular in plans to evaluate the effects of
the irregularity in results, too. Results show that using steel bracing promoteperformance level and
seismic capacity of structures, significantly.

KeyWords PerformanceLevel, RC Structure, Steel Bracing, Irregularity, Nonlinear Analysis.
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Step Displacement Base Force A-B | B-IO | I0-LS LS-CP CP-C C-D D-E | >E | TOTAL
0 -7.893E-04 0.0000 1516 0 0 0 0 0 0 0 1516
1 0.0517 78815.9297 1516 0 0 0 0 0 0 0 1516
2 0.1042 157631.9219 | 1516 0 0 0 0 0 0 0 1516
3 0.1567 236447.9688 | 1516 0 0 0 0 0 0 0 1516
4 0.2092 315264.0938 | 1516 0 0 0 0 0 0 0 1516
5 0.2617 394080.2500 | 1502 14 0 0 0 0 0 0 1516
6 0.3128 470718.2188 | 1387 | 129 0 0 0 0 0 0 1516
7 0.3415 499900.7813 | 1353 46 117 8 0 0 0 0 1516
8 0.4055 530860.5625 | 1320 42 6 148 0 0 0 0 1516
9 0.4967 558129.8750 | 1320 28 20 146 0 2 0 0 1516
10 0.5054 560535.8125 | 1320 28 20 135 0 0 10 3 1516
11 0.3520 324990.3125 | 1516 0 0 0 0 0 0 0 1516
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Time [sec]
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PUSHL | 13 | — | 1 | 1 | 1 | 1.41 | 1.252 | 0.259 | 0.166
X 0 =11+ @)+ [pisng | - | 12| 1 | 1| 1 | 1185 | 1406 | 0314 | 0131
PUSH-1 | 1.3 --- 1 1 1 1.818 | 1.057 0.22 0.235
S"'l“_‘lo Q=090+ Folsna | — | 12| 1] 1| 1| 1516 | 1.193 | 0259 | 0178
e |y PUSHL | 13 | — | 1 | 1 | 1 | 1792 | 1.067 | 0.223 | 0.231
Q=11Q+0*+0 | pygHp | - [ 12| 1| 1 | 1 | 1526|1188 | 0.26 | 0.181
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Displacement | Base Force | A-B | B-IO | IO-LS | LS-CP | CP-C | C-D | D-E | >E | TOTAL
0 -1.124E-04 0.0000 1876 0 0 0 0 0 0 0 1876
1 0.0248 169605.4063 | 1876 0 0 0 0 0 0 0 1876
2 0.0497 339211.3438 | 1873 3 0 0 0 0 0 0 1876
3 0.0691 471716.4063 | 1819 | 57 0 0 0 0 0 0 1876
4 0.0946 641244.3750 | 1789 | 83 2 0 0 2 0 0 1876
5 0.1001 675291.7500 | 1787 | 83 3 0 0 0 3 0 1876
6 0.1001 666171.1875 | 1782 | 86 4 0 0 1 3 0 1876
7 0.1023 680433.3125 | 1780 | 86 5 0 0 0 5 0 1876
8 0.1023 673366.9375 | 1726 | 135 8 0 0 2 5 0 1876
9 0.1120 730070.7500 | 1710 | 146 10 0 0 0 10 | O 1876
10 0.1120 712565.0625 | 1662 | 191 12 0 0 1 10 | O 1876
11 0.1193 754438.7500 | 1646 | 203 14 0 0 0 13 | 0 1876
12 0.1193 743630.0000 | 1645 | 204 13 0 0 1 13 | 0 1876
13 0.1198 746609.0000 | 1643 | 204 14 0 0 1 14 | 0 1876
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Effects of Connection Details on the Behavior of Column Base Connection
J. Razzaghi A. Khoshbakht

Abstract Fixity of column base connection plays a major role in overall behavior of steel structures.
Several parameters influence the real behavior of the column base connections, among them base plate
thickness, anchor bolts and stiffeners details can be mentioned. A nonlinear three dimensional finite
element method has been utilized for numerical studying of the behavior of the column base connection.
Thickness of the base plate and stiffeners and also sizes and numbers of the anchor bolts were changed in
a number of models to determine their effects on the nonlinear behavior of the regular column base
connection. It was observed that column base connection characteristics such as its moment-rotation
behavior, yielding pattern of base plate and anchor bolts and local stress concentration of the connection
elements can be significantly affected by changing any detail of the connecting elements. The effects of
each parameter on the behavior of column base connection were categorized and presented in this paper.

Key Words Fixity, Finite Element, Column Base Connection, Stiffener, Anchor Bolt.
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Effect of Length and Shredding of Polypropylene Fibres on the Mechanical
Properties of Concrete

M. Hejazi M. Alavi

Abstract In this research, the effect of micro monofilament polypropylene fibres with three different
lengths and five different amounts of fibre in two cases of non-shred and shred fibres on compressive and
flexural strengths of concrete has been investigated and compared. The objective has been to obtain the
most favourable length and amount of polypropylene fibres for suitable concrete mechanical properties
(compressive and flexural strengths). Obtained results show that for both cases of non-shred and shred
fibres, the use of 1.8 kg/m® of polypropylene fibres with a length of 12 mm has a considerable effect on
increasing compressive strength. Use of 2.4 kg/m® of polypropylene fibres of 24 mm long significantly
increases flexural strength. Furthermore use of shred fibres causes the increase of compressive and
flexural strengths of concrete compared to non-shred fibres.

Key Words Concrete, Polypropylene Fibres, Length, Shred and Non-Shred, Compressive Strength,
Flexural Strength.
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Hybrid Force-Displacement based Seismic Design Method for Eccentrically
Braced Steel Frames

A. Sadeghizadeh J. Akbari

Abstract In this paper, performance-based seismic design method for eccentrically braced frames is
implemented. This method combines the advantages of the force based, and the displacement based
design methods "so called” hybrid force-displacement design method (HFD). The applied method
transforms the maximum inter-story drift and local ductility into target roof displacement and then for
ductility and strength reduction factor, proposes several formulas. For this purpose, sixty eccentrically
braced steel frames with different number of: stories, bay widths, number of spans, various bracing
dimensions, etc.. were analyzed using nonlinear static analysis method (Push Over Analysis). Then,
nonlinear multiple-parameter regression model was utilized for proposing the formulas for the strength
reduction factor and ductility. Lateral loading system type, earthquake level, slenderness of braces,
intensity of earthquake, number of roofs and bays were influenced the obtained formulas. The obtained
results in compare with force based, and direct displacement based methods show that the seismic
responses such as roof displacement and base shear have reliable accuracies. Furthermore, the results
indicate that in compare with force-based and displacement based design methods, the members of
designed frames using the hybrid method are economical

Key Words Performance-Based Design, Steel Frames, Ductility, Hybrid, Eccentrically Braced Frame.
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Table 1. Plastic hinges and performance level formation.

Step Displacement Base Force A-B B-IO IO-LS LS-CP CP-C C-D D-E >E TOTAL
0 -7.893e-04 0. 0000 1516 0 0 0 0 0 0 0 1516
1 0.0517 78815.9297 1516 0 0 0 0 0 0 0 1516
2 0.1042 157631.9219 1516 0 0 0 0 0 0 0 1516
3 0.1567 236447, 9688 1516 0 0 0 0 0 0 0 1516
4 0.2092 315264.0938 1516 0 0 0 0 0 0 0 1516
5 0.2617  394080. 2500 1502 14 0 0 0 0 0 0 1516
6 0.3128 470718.2188 1387 129 0 0 0 0 0 0 1516
7 0. 3415 499900. 7813 1353 46 117 8 0 0 0 0 1516
8 0.4055 530860. 5625 1320 42 6 148 0 0 0 0 1516
9 0.4967 558129, 8750 1320 28 20 146 0 2 0 0 1516

10 0.5054 560535, 8125 1320 28 20 135 0 0 10 3 1516
11 0.3520  324990.3125 1516 0 0 0 0 0 0 0 1516

Table 2. Plastic Hinges formation and retrofitted structure performance.

Step Displacement Base Force A-B B-IO IO-LS LS-CP CP-C c-D D-E >E TOTAL
0 -1.124g-04 0.0000 1876 4] 0 0 0 0 0 0 1876

1 0.0248 169605.4063 1876 4] 0 0 0 0 0 0 1876

2 0.0497 339211. 3438 1873 3 0 0 0 0 0 0 1876

3 0.0691 471716.4063 1819 57 0 0 0 0 0 0 1876

4 0.0946 641244. 3750 1789 83 2 (] 0 2 0 0 1876

5 0.1001 675291.7500 1787 83 3 0 0 0 3 0 1876

6 0.1001 666171.1875 1782 86 4 0 0 1 3 0 1876

7 0.1023 680433. 3125 1780 86 5 0 0 0 5 0 1876

8 0.1023 673366.9375 1726 135 8 0 0 2 5 0 1876

9 0.1120 730070.7500 1710 146 10 0 0 0 10 0 1876

10 0.1120 712565.0625 1662 191 12 0 0 1 10 0 1876
11 0.1193 754438.7500 1646 203 14 0 0 0 13 0 1876
12 0.1193 743630. 0000 1645 204 13 4] 0 1 13 0 1876
13 0.1198 746609. 0000 1643 204 14 0 0 1 14 0 1876

4. Conclusion lateral force created from spectra dynamic

1. Brace installation on structure increases structure's

stiffness and decreases structure’s period which
leads to increase of base bear in the structure.
However, the performance level of all the models
is upgraded due to proper structural behavior by
using dual system.

2. Appending steel bracing to concrete frames makes

moment loads on the columns axialsuch that the
stress ratio decreases to less than one. Axial
seismic load, decreases the stress ratio proportion
to admissible stress levels in columns and also
transfers plastic hinges from columns to beams.
This is while more than 80% of columns in this
retrofitting method are secured from damage.

By comparison of performance of structures
beams and columns, it is found that in structures
retrofitted by steel bracing, less plastic hinges are
created in beams and columns and the structure
would bein abetter condition.

. By comparison of force-displacement curves, it
can be noted that braced concrete structures
present more shear capacity than primary
concrete structures. Thus, they increase the
capacity of structures.

. In reinforced structures, target displacement of the
structure in comparison to primary concrete
structures is decreased and the benefit of using
dual system and interaction of moment frame and
bracing is highly obvious.

. By comparison of force-displacement curves for
different models, it is s found that in all of them,
the second type of latera load distribution
(proportional to each story weight) compared to
the first type of lateral load (proportional to

analysis) would create higher base shear.

Hinge formation process in braced structures
shows that using steel bracing leads to more force
appliance to the frame in upper stories and
creation of plastic hinges in beams. Although this
factor does not lead to significant decrease of
performance of structures finding a way to
remove that, leads to improving the results.
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Performance Levelsof Tall and
Irregular RC Structures, before and
After Reinforcing by Steel Bracing,

under Nonlinear Static and
Dynamic Analysis

H. Jarrahi Feriz" A. Keramati 2

1. Introduction

A building may need retrofitting based on change of
occupancy, change in design codes or deficienciesin
design or performance. One method used in the early
years for seismic retrofitting of reinforced concrete
frames is using steel bracing. In this article, first the
formation of plastic hinges and performance levels
provided by RC structures are determined by
nonlinear static and dynamic analysis. Then, these
structures are reinforced by steel bracing and re-
evaluated for performance levels and are compared
with their initial conditions. Structures are selected
of two different plans in 10- and 15-story buildings.
Moreover, the structures of this studyare tall, and
have been selected in an irregular fashion in plans to
evaluate the effects of irregularity in the results.

2. Results of analysis of the primary model (non-
reinfor ced)

In nonlinear static analysis, application of lateral
load continues until roof displacement reaches the
predetermined value or the structure collapses before
this displacement. In the following, analysis of the
results for S1-10 structure under lateral loading type
1 and in the x direction (with target displacement
equalsto 0.34968) are reported in Table 1.

According to the results shown in Table 1 it can be
said that the studied structures do not fulfill the
desirable target that is life safety. This is mainly due
to the fact that plastic hinges have been created in life
safety performance level before the structuresreach
the target displacement and due to columns resistance
preservation, plastic hinges creation in beams and in
extensive parts of the structure and to some extent,
permanent deformation in structures. Therefore,
application of retrofitting program is investigated in
order to achieve a higher performance.

Then the structures are evaluated dynamically. The
results show that function range lower than that is
suitable for the whole structure based on login of
beams to the stage of collapse. Based on definition,
the important organs of the system can provide
necessary gravity resistance on the threshold of
collapse. However, the structure is on the verge of
overall collapse.

* Corresponding Author, Student of Master’s degree,
Amirkabir University of Technology, Tehran, Iran.
Email: hossein.jarrahi @yahoo.com

2 Assistant Professor, Member of Civil Engineering
Faculty, Amirkabir University of Technology,
Tehran, Iran.

In addition, major and permanent place shift in this
range is predicted that is obvious in different models
of this research. So, as the non-linear static method,
the performance level of choice is to collapse the
threshold. Deformation response of structure s1-10 is
shown in Figure 1.
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Figure 1. Structure deformation reply in the
direction of x under analysis state of type 1, under
three acceleration -first mapping.

3. Results of analysis of reinforced model

Primary steps for retrofitted structures are the same
as primary structures. In the following the results of
nonlinear static analysis for braced S1-10 structure,
under type 1 lateral loading and x direction (with
target displacement of 0.166) is mentioned in Table
2.

According to the investigations, all of the models
upgrade performance and provide life safety
performance after retrofitting with steel bracing. It is
obvious in Table 2 that the plastic hinges are not
created in the life safety range.

By usage of the mentioned earthquake mapping
acceleration, resistant structures are under non-linear
dynamic analysis. The maximum measures obtained
from this stage, show significant decrease compared
to primary manner responses (non-resistant). S1-10
structure deformation response is shown in Figure 2.
The results show that using steel bracing significantly
promotes the level of performance and seismic
capacity of structures.
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Figurel. Reinforced structure deformation
responsein thedirection of x under analysis state
of type 1, under three acceleration - first mapping.
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x10™

4- Conclusion
Theresults of this study are summarized as follows:
1. The wavelet function has the most effect on
Pamges acg:urate deterr_ni nation of damage location.

2. With economic aspects of the study, damage

/ \L \ scenarios are detected in related self balance
0 | through increasing the number of sensors.3. By
using higher mode shapes, accurate location of

damage can be detected even for a little
2 damaged. If there arefew discontinuities (for
0 500 1000 1500 2000 2500 3000 damage), wavelet function must have had not
] only frequency analog to the signal but also high
Location (mm) frequency concept to determine their accurate

location well.

N W R O

Wavelet Coefficients

Fig. 2 Determining damage location of the second
damage scenario for the first mode shape of the
structure with wavelet function rbio3.5

Also, damage detection of damage scenario for
the second mode shape of the structure has been
presented in Fig. 3.
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Fig. 3 Determining damage location of thefirst
damage scenario for the second mode shape of
structure with wavelet function rbio3.5.
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Damage Detection of Steel Plate Shear
Wallsby Wavelet Transform

A. Abbasi® S.R. Hoseini Vaez**
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1-Introduction

Structural damages such as shear, corrosion,
buckling, lamination, etc. can be produced by
different methods, causing decrease of structural
hardness and density. One of the methods for
damage detection is change of physical qualities
such as hardness which alters dynamic qualities of
structures including natural frequencies and mode
shapes. Development of damage or lack of damage
can be detected with comparison of modal response
of the structure between hedthy condition and
damaged condition. When there is no hedthy
structural behavior, damage is detected through
using damaged structural responses.

One of the used methods is a dynamic one based
on signals that can be used to detect damage in
structures by using signal processing. In this method,
the signal is the damaged structure's response which
is processed as an input signal and shows the
accurate location of damage. Wavelet transform is
the most practical approach that has been used in
recent decades.

Damage detection of a structure can be
investigated by using wavelet transform by placing a
sensor in certain balance of the structure. This can
determine the damage done to each part of the
structure. Each sensor adds responses from the
structure as an input signal to process signal into
wavelet transform. Then, the transform with input
signal analysis can detect damage if it has occurred.

2-Modéling of Steel Plate Shear Walls (SPSW)

To introduce damage in the structure, eight damage
scenarios have been imagined on steel plate shear
walls. Here, three damage scenarios have been
investigated in Table.l. In the study, damage has
been described in different parts of the plate and
damage detection is examined through a decrease of
elasticity module of the material and the accuracy of
the wavelet algorithm isinvestigated.

As said here, the signal is processed on the
responses obtained from the structure. In this study,
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the modal responses of steel shear wall in each
balance is registered as an input signal by defined
sensors and the signal is processed on the wall by
using wavelet transform. If the algorithm observes
damage along the structure it can determine its
accurate location. The mode shape of the first and
second structure has been used for input signals of
the wavelet algorithm.

Table 1. Damage scenarios defined in SPSW
model (origin: down corner of the left plate)

Damage Severity of damage L ocation of
scenario damage
1 element 5*5 cm by X=1.5m,
1 decreasing elasticity Y=15m

module 10% '

3 elements 5*5 cm by i:igm
2 decreasing el asticity ; o
module 10% Yzzl E

3- Damage Detection of Steel Plate Shear Walls
With damage scenario defined in the plate, scenarios
have been introduced in the head of networking plate
balance for signal processing of each rank separately.
In the location of scenarios, sampling has been
designed for each point on the length of the wall,
registering signals from the mode shape for the
whole wall. The results of damage detection of the
first and second damage scenarios have been
presented in Fig. 1 and Fig. 2 for the first mode
shape of the.

x 10"

Damage

NV A

Wavelet Coeflicients
o
-

0 500 1000 1500 2000 2500 3000
Location (mm)

Fig. 1 Deter mining damage location of the fir st
damage scenario for the first mode shape of the
structure with wavelet function rbio3.5.
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high precision and quality and low and acceptable
vibration. For this reason, drilling equipment were
prepared which can do vertical and horizonta drilling
with defined angle and 360 degree circulation, grout
set with pressure exertion by 10 times, mixer of
primary and secondary mixing and also special
packer for grouting (Fig. 1).

Fig. 1 Images of Nail tension Jack with accessories
Table. 1 Properties of olivemar| used in plan and its
strength parameters

Angleof lnemal Friction~~ Cobesive  PlasticLimit LiquidLime  Homadty  WetDemsity Deph
(Degres) (kglene’) PL (%) LL (%) (w %) g’} ()

0 12 0 u it 1850

2 13 ] 7 [ 1500

Table. 2 Dimensional properties of nailsand used grout

Additives | Cement | BarSize | final diameter of the | Free length ofthe | Injection Along the
Grout (mm) Nail (em) Nail (m) Nail (m)
Cebex 100 2 32 11 0.6 4

Table 3. Results of real tests, dimensional properties

z =
5 M i § =
vE|§| 7 g ] El o
pE(4 | £ § E PoElflgE
it & H B & e | H
ErlE| 2 = = Ele | 2|6
ii ik 3 ] | 2| 4%
=z | £ £ £ ¢
H - = -
g |8
15 |19 | 22 Cement(Type L)+ G Rotary (oom oot wall) | Venical | 60 | 400 | 11 | 1
16 |17 21 Cement(Type I+ G Rotary (nn- smooth wall) Vertical 60 (400 (11 ]2
15 18 22 Cement(Type I+ G Rotary (non- smooth wall) Vertical 60 | 400 |11 3
12 15 18 Cement(Type II}+ Gi Rotary (smooth wally Vertical 60 400 |11 4
10 [12] 16 Cement(Type 1)+ Gt Rotary (smoott wall) Vemeal | 60 | 400 |11 | 8
12 (14 [ 17 Cement(Type L)+ G Rotary (smooth wall) Vertical | 60 | 400 |11 | 6
11 13 15 Cement(Type I+ G Rotary (son- smooth wall) | Honzontal | 60 [ 400 [ 11 [ 7
9 10 12 Cement(Type I+ G Rotary (smooth wally Horizonal | 60 400 [ 11 g

A site was prepared for carrying out this research
study with definite dimensions and depth and its floor
and walls were coated with a proper coating to
prevent weathering. Then the required physical,
mechanical, chemical and mineralogical tests were
performed on the soil site. In continuing, the place for
nail implantation were determined. After marking
their implementing place, the single foundations in
120%120 cm dimensions with 30 to 40-cm thickness
were implemented in their structure. A hole with 5-
inch diameter was exerted for drilling nails and
grouting operations in their middle part. The
foundation implementation aims at raising the level of
work due to their protection from surface waters,
improved for probable rainfall and creating surface
for implementing long-term locking operations of
nails, implementing smooth surface and balance for
lodgment of nail anchoring jack and preventing
heterogeneous  subsidence  and  controllable
subsidence value while exerting loan. The contracted
foundation were 300 kg/cm® grade concrete which
were armed with reinforcement network in the middle
part with enough loading capacity against the loads.
In addition, 6 nails were implemented in real scale
with an injected length of 400 cm and free length of

60cm in the mentioned field with different Drilling
Type vertically and 2 horizontal nails with 15 degree
angle to horizontal with the same detaills were
implemented for studying the effect of drilling type
on friction behavior and their effects on tensile
strength and creeping behavior of nails (Table 2). The
eight series of test results that are shown in Table 3
represent the influence of drilling type on tensile
strength and creep behavior of nails in the horizontal
and vertical modes. Graphs of tests 1 and 5 are shown
in Fig. 2 for better understanding of the tests.

— =
4

T (A)

Pull out Force (Ton)

Axial displacement of nail

bhidd

Pull out Displacement

\
fl4d

Pull out Displacement

(B) Timelog under different

Axial displacement
differences nail every step
of force (mm)
~.

(C) Tensile Force
Fig. 2. A) Diagram of tensile for ce against axial
displacement of nailsby failurein nailsNo. 1 and 5, B)
Diagram of axial displacement of nails against timelog
under different tensileloadsin nailsNo. 1 and 5, C)
Diagram of tensile force against displacement changes
in different stagesin nailsNo. 1 and 5.

3. Conclusions

The results indicate 20 to 25% increase in tensile
strength of nailsin vertical mode and 15% increase in
a horizontal mode implemented with non-smooth drill
compared to smooth drill wall. Meanwhile,
improving creep behavior of nails is observed via
using the non-smooth walls in both horizontal and
vertical states. This delays the onset of unacceptable
creeping (above 2-mm) and shows more acceptable
long-term behavior (see Table 3).
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Field Study of the Effect of Drilling Type
on Tensile Strength and Creep Behavior
of Soil Nailsin Tabriz Green Marl

G. Moradit S. Zadkarim?® H. Katebi 2

1. Introduction

One of the most important problems in civil
engineering is constructing structures, protecting
excavation and the building in thei r surrounding and
stabilizing embankments. Non-observing proper
methods for protecting deep and also constructing
slopes will lead to irreparable damage and the risks
resulting from probable subsidence and reducing the
bearing capacity and lateral displacements will cause
cracks in neighbouring structures. Using the Soil
Nailing due to its numerous advantages, the
traditional approach is to stabilize the excavation
walls fitted. Due to the different behavior of marl
soils in short and long-term and fundamental role of
friction between soil cement grout around the walls
were nailed. In this study, tensile strength and creep
behavior of soil nails to maintain green marl are
discussed. Studying the nails behavior in marl and
clay soils which are considered as fine-grained soils
with different properties compared to grained soils
are the subjects which have been less attended to.
High plastic properties, semi-Saturation state,
changing its behavior in long-term, very low grouting
and other similar cases are among the problems
which necessitate studying the nail function in these
types of soils. Regarding the diversity of marl in
surface (yellow, green, olive green) it is not possible
to study al of them in .a short time and it needs more
time and more cost. However, this research studies
the behavior of nailing systems in these types of
marls due to multiplicity of olive green soil which is
observable in most civil projects in the city and in
lower depth of lands (see Table 1).

2.M ethodol ogy(Material and Equipment and Test Prograrm)
Marl is a term for depositions which are formed by
combination of Rousseau sodium carbonate. Marls
are exposed in eastern, northern and southern districts
of Tabriz and in most city areas. They form bedrock,
in other words, they are under alluvial deposits. These
marls are seen in different colors such as yellow,
olive green, brown and gray. The yellow and green
layers are usualy put on the surface and gray marls
are placed down deep and the mark soils are
mechanically classified in the group of clays or silty
with high plasticity. The marls smoothness and
plasticity index are in an extended area which shows
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the variability of carbonate calcium percent and type
of clay composing marls.

Tabriz marls have a wide diversity in different
areas. Such diversity is observed in their appearance
and in their engineering properties and compositions.
These marls show different geo-mechanical behavior
in different conditions such as depth, amount of
overhead, natural humidity, saturation, clay percent
and also gypsum and coa lines.Considering the
importance of these marls and their expansion in
Tabriz and their different function, this study is done
on the behavior of this type of marls against nailing
system. The nails implemented in marl soil show
different behavior compared to other soils due to
humidity, smoothness and high plasticity which
causes change in behavior of implemented structures
in this kind of soil. Studying and scientific
experiences show a reduction of tensile power of
nails in marl soil as time pases by which can be due
to creeping behavior of this type of soil and aligning
the clay grains under load. Improving the nail
behavior in marl soil with different methods and
increasing the tensile capacity and improving its
creeping behavior especially in the long-term is
considered as the main aims of this paper. Using non-
smooth drilling type can provide more proper
conditions due to establishing proper involvement of
grout with soil of the nail wall and probability of
establishing displacement in the wall and section of
nails and the tensile and creeping behavior of the nail
will improve. It is noteworthy that regarding the
types of marls with different capabilities and
behaviors, the results are changeable upon changing
the type of marl.

For doing tests, a device that can measure and
register the force, pressure values and displacements
with high precision is needed.l In this case; a nall
anchoring was made which can measure the force by
50 tons and measure the deformations in 0.1-mm
precision equipped with a data logger for registering
the data automatically once each 6 seconds. The
mentioned device is equipped with a creep lock
system for fixing the force value in time and if the
force is reduced for any reason, it controls the value
of the force at the defined fixed value set by the
device via exerting oil pressure. Pressure load cell,
pressure valve, drain valve, two-way leverage for
exerting pressure, USB gate for memory record,
monitoring systems (force, pressure and deformation)
and pand of interna settings of device with base
jack, system of connecting jack to nail, and ohm
marking are the main parts of the mentioned device.
Considering the recommendations of FHWA standard
and other valid standards for measuring the
displacement with 0.01-mm precision, two gauge
with the mentioned precisions were installed for
measuring the nail and foundation displacements
under the jack for reading data precisely in defined
intervals according to the related criteria. Considering
the low senstivity in borehole drilling and
repeatability of tests, the drilling systems shall have a
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Fig.3- Contraction coefficient variation in the semi-
cylindrical edged gates compared to the sharp edged
gate

Figure 4 demonstrates the contraction coefficient
variation for the cylindrical-edged gates versus
cylinder diameter to upstream depth ratio.
Experimental data from 63, 90, 125 and 200 mm
cylinder diameter sluice gates for different amounts
of upstream depth has been shown in this Figure. As
can be seen, for cylinder diameter to upstream depth
of up to 0.4, the contraction coefficient varies
significantly and remains nearly equal to one
thereafter. On the other hand, with a D/H, of 0.4, the
contraction was not observed after the gate and the
discharge capacity reached its maximum in the free
flow condition. In other words, to reach a contraction
coefficient equal to one, the cylinder's diameter
should be at least equal to 0.4H,.

1.05
1.00 8@gﬁ@m)0 T W S ¥ S
S 005 |
0.90 Sﬁm ...............
0.85
00 02 04 06 08 10 12 14
D/H,

Fig.4 Contraction coefficient variations against theratio
of cylinder diameter to upstream depth for cylindrical
edged gates

4- Conclusion

In this research, the contraction coefficient and
distinguishing curves for cylindrical and semi-
cylindrical edged sluice gates were studied. The
results showed that by changing the shape of the gate
edge, the contraction coefficient would change that
results in the distinguishing flow curve. For gates
with 90 mm cylinder diameter and more, the
contraction coefficient is unity. This means that these
gates can undergo more tail water depth while the
free flow has been established. Such a condition is an
important advantage for these kinds of gates since by
preventing the submergence flow; it prevents an
increase in the upstream depth and decreases the

possibility of overflowing in the upstream part of the
gate.
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Experimental Study of Flow
Characteristics Beneath Sluice Gates with
Cylindrical and Semi-Cylindrical Edges
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1- Introduction

Sluice gates are widely used for flow control and
measurement in irrigation networks. Sharp edged
sluice gates and radial gates have special
characteristics that can be combined to make a new
gate with satisfactory performance.

In the present research study, sluice gates with
cylindrical and semi-cylindrical edges are introduced
which enhances the contraction ratio and discharge
coefficient of sluice gates. The gate operates just like
sharp-edged sluice gates while a cylinder or semi-
cylinder is attached to the edge of the gate (Fig. 1). In
this paper, the flow characteristics of this cylindrical
edged sluice gate including contraction coefficient,
and curves for distinguishing free and submergence
regimes are investigated. The best cylinder diameter
is also determined for different flow conditions.

2- M ethodology
Dimensional analysis is a useful tool in a better

understanding of a phenomenon affected by some
physical parameters. It is often used in deduction of
equations and forming logical hypotheses about a
complex physical issue.

" Ho [0 ' [
@ i yt
I\ Y. i ! |

W L Lj

L LB- H|
Fig. 1. Demonstration of therelated parametersin
cylindrical edged sluice gatesin free and
submer gence conditions

The effective parameters can be categorized as
fluid characteristics parameters, i.c., water density
(p), dynamic viscosity (i); flow parameters including
water downstream of the gate (Hy), depth of the
contracted supercritical flow downstream of the gate
(y1), conjugated hydraulic jump (y,), tailwater depth
(y1), depth of submerged flow condition downstream
of the gate (y3), flow velocity in contracted section
(V1) or the flow rate (Q), gravity acceleration (g); and
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parameters related to channel geometry including
cylinder diameter (D), the channel width (b), sluice
gate opening (W) and channel cross-section geometry
(C.G.). Therefore,

F(P,v. Y1 Vs, Yo Yo Do Hy, 0.V, b, L, W,C.G) = 0 (1)

Considering the fact that the channel's width (b)
and channel cross-section geometry (C.G.) are
constant in all the experiments, the effect of these
parameters can be ignored and Eq. (1) becomes:

F(pavay19y35y19y29ga\/13LBo\NoDaHo):O (2)

Thus, the following dimensionless parameters are
obtained.

yl y3 D y2
T, =T, ==, =—,7T, =—,
w w W
L y H )
B 1 0
”5 =75”(, =7>”7 =—,7 =Rel’”9 - Frl
w w

These dimensionless parameters are combined
together and new dimensionless parameters are
formed.

3- Results

Figures 2 and 3 demonstrate the flow distinguishing
curve and the contraction coefficient for the semi-
cylindrical edged gates in comparison to the sharp-
edged gate. The cylinder and semi-cylinder gates
showed similar results regarding submerging depth.
The distinguishing curve for the gates with 63, 90
and 125 mm semi-cylinder diameter edges shows
marginal differences that can be because of
insignificant differences in these three gates
contraction coefficients. As shown in Figure 3, for
Hy/W ranging from 4 to 18, the Y; (max/W value for
63 mm diameter semi-cylindrical edged gate
increased by 16% and for 90, 125 and 200 mm
increased by 22% compared with the sharp-edge
gate. It shows that the contraction coefficient has

been increased for cylindrical edged gate
considerably.
9 ¥ Sharp edged
7 O D=%0mm
E
Y
= 5 4 D=125mm
-
3 + D=200mm
1 o D=63mm
0 5 10 15

Hy/'w

Fig. 2 Flow distinguishing curve for the semi-cylindrical
edged compared with the sharp edged gate
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Zi = (X1: Yu,X2,¥2, 0 Xy Yn) (3)

4. Finding the best location for the first node on the
slope boundary.
The new coordinates of the slip surface are as
follows:

Zi = (XL, Y1, X2, Y2, 2 Xns Yn) @

5. Finding the best location for the next node of the
slip surface while also keeping the other nodes
fixed results in a lower factor of safety. The best
location for each internal node is obtained by its
moving in the negative direction of the local
gradient vector. The relation for the negative
direction of the local gradient vector is as follows:

aFs 9Fs)T

Sk = -Gy = _{6_)(]('6_}1](} (5)
For example, node 2 moves from its initial
coordinates (X, ¥2), to its new coordinates (x*,, y*;),
where it yields a lower safety factor. Thus, the new

coordinates of the slip surface are as follows:
Z; = (X1,Y1,X2,Y2,X3, Y3, = Xn, ¥n) (©)

6. Finding the best location for the subsequent
internal node while other nodes remain fixed.
This process is iterated for the rest of the internal
nodes. The new coordinates of the slip surface are
as follows:

Zi = (XL,Y1 X2, Y20+ Xio Yio - X0, Yn) ™

7. Find the best location for the last node on the
slope boundary. In this step the first optimization
cycle is terminated. The new coordinates of the
slip surface are as follows:

* —_— * * * * * * * *
Zi+1 - (X1: Yo X2, Y2 - Xn-1Yn-1 Xns Yn) (8)

*®

Set i=i+1

9. Steps 4 to 7 are repeated for several cycles until
the difference between the safety factors of the
last two cycles is less than e=1x10~. Or

[FS(Zi}1) — FS(Z))| <e 9

FS (Z%*.,) = the factor of safety for the last
optimization cycle,

FS (Z*) = the factor of safety for the
penultimate optimization cycle.

The slip surface associated with the last factor of
safety is taken as the most critical slip surface.

5- Conclusion

The Alternating Variable Local Gradient method is
able to obtain the minimum factor of safety and
critical line-segment slip surface. The factor of safety
is lower r than those obtained using critical circular
slip surface. It should be noted that the line-segments
slip surface is more consistent with the actual slip
surface in nature and it is more reliable and flexible
than the others. DOSS program is written by the
authors whose results are in good agreement with the
results obtained from other methods.
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Determination of Critical Slip Surfacein
earth Slopesusing Alternating Variable
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1- Introduction

Stability analysis of soil slopes is one of the major
issues in the science of soil mechanics. The limit
method is widely used in slope’s stability analysis.
This method is divided into the limit equilibrium and
the limit analysis methods. The limit equilibrium
method is widely used for slope stability analysis to
obtain the factor of safety. In slope stability analysis
the minimum factor of safety that is critical slip
surface is obtained. The shape of critical slip surface
is usually considered to be a circular shape for
simplicity. The concept of optimization-based
methods have been used extensively in the analysis
of earth slopes for determining the critical slip
surface due to their higher efficiency and accuracy
compared with other methods. The slope stability
analysis is used for determining the critical slip
surface using an optimization method which has been
addressed as new work in this paper. The shape of
the slip surface in this paper is line-segments shape.
In this method, at first the circular critical slip surface
is determined. Then, the appropriate number of nodes
on the critical circular slip surface is selected and by
connecting them to each other, line-segments slip
surface is obtained. The line-segments slip surface is
optimized using the Alternating Variable Local
Gradient (AVLG) method to obtain critical line-
segments slip surface. The DOSS program is written
by the authors in FORTRAN to obtain the critical
line-segments slip surface. This program may be
used for non-homogeneous, saturated and
unsaturated soils.

2- Determination of Critical Line-Segments Slip
Surface

The methods based on optimization methods have
more efficiency and accuracy compared with other
methods to determine the critical slip surface. This
optimization is difficult and complex. One of the
problems in optimization of slip surface is local
minimums. Local minimums are places where the
factor of safety is not minimum.

In this paper, the Alternating Variable Local Gradient
method is used to obtain the critical slip surface in
earth slope. The Alternating Variable Local Gradient

Lk Corresponding Author:: Assistant Professor, Faculty of
Engineering, School of Civil Engineering, Razi
University.

Email: mhazizi@razi.ac.ir.

M.Sc. Student, Faculty of Engineering, School of Civil

Engineering, Razi University

2

method is a non-linear programming approach in
optimization. This method can simply escape from
many local minimums.

3- Local Gradient Method and 2D-AVLG Method
The local gradient method is based on the Univariate
method. In this method, one variable is moved in
order to be optimized while the other variables
remain fixed. Then, another variable is selected for
optimization while the other variables again remain
fixed. This process continues until all the variables
are optimized by the end of the first cycle. Then, the
optimization process of the second cycle is initiated.
This process is also iterated until the movement of
variables in the new cycle has no effect on the
optimization of the objective function (safety factor).

The Univariate method is summarized as follows:

1. Choose an arbitrary starting point X; and set
i=1

2. Find the search direction S;

(1,0,0,..,0) for i=1,n+1,2n+1,...
(0,1,0,..,0) for i=2,n+2,2n+2,...
ST — (0,0,1,..,0) for i=3,n+3,2n+3,...
i .
(0,0,0,...,1) for . i=n,2n,3n, ..
(D
3. Find the optimal step length A such that
f(X; £ A{S;) = min(X; + 4;S;) (2)

where + or - sign has to be used depending upon
whether +S; or —S; is the direction for decreasing the
function value.

4. Set Xj;1 = X £ A{'S; , depending on the direction
for decreasing the function value, and f;.=f(X+1)

5. Set the new value of i =i+ 1 and repeat from
step 2.

Continue this procedure until no significant
change is achieved in the value of the objective
function.

In summary, the AVLG method for finding the most

critical line segments slip surface can be expressed as

follows:

1. Seti=1

2. Finding the circular critical slip surface by using
the Grid Search method, or any other method, and
taking it as the initial slip surface.

3. Selecting proper nodes on the circular critical slip
surface and connecting them to each other (the
number of the selected nodes plays a significant
role in the optimization process. It is
recommended to select more nodes on the weak
layers in non-homogeneous soils). Z; denotes the
coordinates of the initial selected nodes.
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is less than other situations (due to soil weight drop
in active ared) and it causes more footing bearing
capacity when it is above the slope. In addition, the
footing’s bearing capacity on the slope is less that in
the other situations versus sloped ground.
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Fig. 2. Comparing of the presented method with the
results of other methodsin various positions of footing
with respect to soped ground

Fig. 3 shows the effect of footing's width and
depth on the footing's bearing capacity in various
situations regarding steep ground. The value of g/Quos
reveals the ratio of footing bearing capacity in
various situations for steep ground to footing bearing
capacity on flat ground.

with out slope

=

qiqwos

02 top of slope -D/B=1
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Fig. 3. Theeffect of depth and width of footing on
bearing capacity in various positions with respect to
slope

3- Conclusion

The figure retaining wall analytical method is used to
determine footing bearing capacity in various
situations for sloped ground, and the effect of footing
features (width and depth) as well as the distance of
the footing from slope crown on footing bearing
capacity is studied in the present study. Finaly, the
results from this method were compared with those
obtained from previous methods which led to
acceptable results. The following results were
obtained from the present research study:

1- The effective distance of the dope crown is
about 4.5 times as much as footing width.
The more the distance is the less the effect
of the dope on footing bearing capacity
becomes. By increasing the ratio of the
footing distance from the slope’'s crown to
the footing width up to 2, footing, the
bearing capacity from the suggested method
becomes almost 2 times more.

2- In different situations of the footing’s width
and depth, the footing’s bearing capacity on
flat ground, above the slope, benesth the
dope, and on the dlope gets higher
respectively. According to the present
method, the footing situation versus sloped
ground affects the active passive force on
the virtual retaining wall and then the
footing bearing capacity.

3- Any increase of the footing's depth versus
its width causes footing bearing capacity in
various situations of doped ground to
become close to the footing's bearing
capacity on flat ground. This effect is
highlighted particularly when the footing is
on the top and down of the slope.
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Ground
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1-Introduction

Structures are mostly built near a sope due to the
limited area of land or architectural purposes. In this
case, the ope impact on final loading capacity of the
footing is taken into consideration and the foundation
is so designed that the structure load is transferred to
the soil beneath the footin g without causing any
instability in the slope. To make sure of the
structure’s safety, engineers should determine the
situation and the depth of the built footing near the
slopes. Therefore, the ground footing is designed in
a more complicated manner by digital methods in
order to ensure safety and economy. On the other
hand, a few studies have been done regarding
analytical formulations to determine the footing
bearing capacity in various conditions of sloped land.
Generally, the analytical formulations presented by
Meyerhof, Hansen, Vesic and Saran are applied to
determine the footing bearing capacity in various
conditions of sloped land. Since these equations are
experimental, the coefficients are  highly
approximate and the project’s economy is affected.
Even there is no margin supplied for the design.
Therefore, an analytical equation is required that
presents the impact of slope, the footing's various
conditions versus the dope and reinforcement in a
variety of soil without applying experimental
coefficients. A simple analytical method is applied in
the present research study in order to determine the
footing bearing capacity around disarmed soil in
various conditions versus sloped land. In addition,
the impact of footing’s various conditions versus
ground slope, the distance of footing versus sloped
land and the footing’'s depth and width versus its
bearing capacity are studied.

2- Research Method

Here, the analytical method is presented to determine
the footing's bearing capacity in various conditions
versus doped land. The presented equations are
based on stability of the soil beneath the footing, i.e
the slope is assumed to be stable and no trembling
exists. The applied analytical method is the figure
retaining wall. As shown in Figurel, a given
retaining wall is assumed on the edge of the footing
and near the dope's crown. The wall tolerates the
active pressure Pa from the footing load and the soil
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beneath the footing. The peripheral soil on the |eft of
the wall (i.e the sloped ground) is passive and
imposes the resultant load Pp on the wall. The active
and passive loads on the figure wall are calculated
through Coloumb’'s method. Finally, the footing
bearing capacity in various conditions versus sloped
ground is determined by making the active and
passive loads on the wall equa. In the present
research study, the MATLAB software is used to
analyze the various conditions of the footing bearing
capacity versus sloped ground and to study the effect
of various parameters on the bearing capacity
(equation 1).

virtual retaining
wall

B:

Fig. 1. Soil failure mechanism beneath the footing on
sloped ground with virtual retaining wall method

qﬂt = (Ppweight+ C(Kchl + KacHl) +

y(1- k)(KpDI—S H, —% K,H.?)

4+ 1L KHIE O o) )

(€

In fact, one of the innovations in this research
study is presentation of a general equation to
determine the bearing capacity by which the effect of
footing distance from the slope’s crown, the footing
situation versus the slope, the slope angle, existence
of reinforcement in the slope and beneath the footing,
and seismic coefficients are studied. The said
equation is also acceptable for both cohesive and
cohesion less types of soil. In this part, the footing
bearing capacity found by previousy presented
methods is compared with the one found by the
present method in cohesion less soil (Fig. 2). It is
assumed that soil friction angle equals 35°. Based on
the results, when the footing is located above the
slope, the footing bearing exceeds the situations in
this method when the footing is above and beneath
the slope. Thisis due to the fact that when the footing
is above the slope, the active force on the virtual wall
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