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A Study on the Effect of Aleatory and Epistemic Uncertainties on Fragility Curves of Steel
Moment Frames

A. Gorji E. Darvishan H. Babajanian Bisheh

Abstract The aim of this study is to investigate the effect of aleatory and epistemic uncertainties on seismic
performance of an intermediate steel moment frame. For this reason, generalized incremental dynamic
analysis is employed. To model record-to-record aleatory uncertainties, 40 far-field ground motion records
are utilized. Also, to model important epistemic uncertainties, 5 parameters of plastic hinge behavior are
uncertainly modeled and statistical parameters are considered for these models. Then, by using effective
simplified models of random variable production, 50 combination of these 5 parameters are produced and
for each one of these models a bin of IDA curves are extracted. Results show that parameters with epistemic
uncertainty affect fragilities of 10 limit state more than other limit states. In other words, for CP and Gl
limit states fragilities of mean of models yield acceptable results even when incremental dynamic analysis
cannot be conducted for all the 50 models. However, For 10 level, the effect of epistemic uncertainties

cannot be neglected.

Key Word Incremental Dynamic analysis, Fragility curve, Aleatory uncertainties, Epistemic uncertainties,
Steel moment frame.
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Probabilistic Analysis of Immediate Settlement of a Rectangular Foundation Using
Various Reliability Software

H. Fattahi F. Jiryaee S. Mehrnia

Abstract Study of immediate settlement of a rectangular foundation with the task of transferring structural
forces to the ground, is one of the important factors in the design of structures. Due to its heterogeneous
and anisotropic nature, soil parameters have high uncertainties, the omission of which in estimating the
settlement of foundation, creates challenges in the analysis of structural stability. Therefore, the use of
reliability methods with the ability to accept uncertainties and reliable stability analysis of geotechnical
issues are welcomed today. In this study, in order to estimate the probability of failure due to settlement of
rectangular foundation, first-order and second-order reliability methods as well as Monte Carlo
simulations were used and the relevant analysis were performed in RT and @Risk software. The results
indicate a high probability of failure related to the foundation settlement (9.5%). The second-order methods
and Monte Carlo simulations provide more accurate results due to the non-linearity of the limit state
procedure. In addition, the sensitivity analysis of random variables based on sensitivity vectors showed
that the contact stress (qo), has an important role in the probability of failure, and then the Poisson’s ratio
is important.

Key Word Probability of failure, RT software, @Risk software, Surface foundations meeting.
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The Role of chute Blocks Geometry in Current Erosion Power Loss
S. Moradi H. Shahsavari K. Esmaili

Abstract The high energy impinging on the outflow through the overflows is controlled by the design of
the energy absorber structures in the downstream or downstream relaxation pool. However, the occurrence
of downstream local scour is one of the major threats to the stability of the overflows. In the present
laboratory research, first, by conducting control experiments (unimpeded shot) at different landing
numbers, the geometry of the scour pit was investigated, then by providing a basic block-height protection
method in three geometric shapes (Rectangular, Semicircular, Triangle), four mounting positions
proportional to the total Ly/Ls shot length (0.2, 0.4, 0.6, 0.8) and also, to concave the installation of blocks,
the dimensions of the scour pit are measured and Dimensional analysis was performed using Pie-
Buckingham method. The results showed; The use of block base on the slope of the shot in all the models
tested has an effect on the dimensionality of the scour and has always reduced the dimensions of the scour
pit. In summary: 1. The depth and final length of the scour increases with the increase in the number of
upstream landing overflows. 2. In the series of upward concave tests, blocks always have lower values of
scour dimension than low facing concave. 3. By decreasing the installation distance of the blocks from the
overflow claw, the scour depth and length decrease. So that at position (Lb/Lf = 0.8) the highest energy
damping occurred at other positions. And under different conditions the flow decreases between 15 to
61.2% of the depth of the scour pit. 4. In position (Lb/Lf = 0.6), semicircular and rectangular blocks with
low upward concavity and also in position (Lb/Lf = 0.8) triangular block with high upward concavity, with
average yield 38/1 to 73/4% had the highest decrease during scour compared to other states. 5. By
increasing the number of downstream currents, the relative damping energy of the current in the shoot paw
decreases.

Key Word Block Geometry, Scour hole, Barrier Pattern, Energy Depreciation.
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The Numerical Study of Energy Piles Performance by Using of Thermo-Mechanical and
Mechanical Constitutive Models

M. Khodaparast S. A. Ghoreishian Amiri A. Jamalloo

Abstract In recent years, several constitutive models have been proposed to predict soil behavior under
thermomechanical loads. On the other hand, it is important to study the behavior of energy piles and their
adjacent soils under thermomechanical loads and by using constitutive models in which soil behavior
changes due to temperature changes are considered. In this study, a thermomechanical constitutive model
was added to the Abaqus finite element software to be used to evaluate the performance of energy piles.
Results obtained from numerical modeling of Triaxial test show that the code written for the given
constitutive model is capable of predicting soil behavior under thermomechanical conditions. Also, the
results obtained from the analysis of energy pile using mechanical constitutive models of Drucker-Prager,
MCC and thermo-mechanical constitutive model Tourchi show that in the analysis of energy pile, although
the choice of constitutive model has a significant impact on the results, but there is no difference between
choosing a mechanical or thermomechanical constitutive model for the adjacent soil.

Key Word Energy pile, Constitutive model of soil, Thermomechanic, Temperature effect on soil, Abaqus.
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Experimental Evaluation of the Effect of Contact Surfaces on Friction Resistance
of Bolt Connections

M. Mahmoudi M. Kosari M. Lorestani

Abstract The type of contact surface has a significant impact on the frictional resistance. Experimental
evaluation of the effect of contact surfaces on bolt connections has been conducted in current research. The
purpose of this study is to study the effect of different levels of contact surface on the frictional resistance
and propose a new method for increasing frictional resistance. Contact surfaces used in this research are
as follow: non sand-blasted, sand-blasted, coating with 20 u thickness, coating with 40 u thickness,
triangular corrugated surface and squared corrugated surface. The results indicate that, the highest and
the lowest bearing capacity were captured according to corrugated surface and 40 u coated surface,
respectively.

Key Word Friction Resistance, Bolt friction connection, Connection surfaces, Friction coefficient,
Corrugated surface.
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Experimental and Numerical Study of Load-Bearing and Settlement Behavior of Circular
Skirted foundations Compared to other Types of Foundations

S. Gholipour M. Makarchian

Abstract Skirted foundations are expanding as a new type of alternative foundations for other prevalent
foundations in onshore and offshore structures. The study of skirted foundations performance is essential
for evaluating the effect of foundation geometry and soil specification. In this research, the bearing capacity
and settlement of circular skirted foundations resting on sand under vertical compression loading was
studied by physical modeling and numerical analysis with consideration of the effect of different parameters
including skirt depth, foundation diameter, sand density and surface roughness of the foundation models.
The performance of skirted foundations was compared with common types of surface, semi-deep and
embedded foundations. Analysis of results showed that the behavior of skirted foundation models compared
to the surface foundations has been improved significantly in terms of the enhancement in the values of
bearing capacity and subgrade reaction modulus, as well as the reduction of settlement amounts.
Improvement in the performance of skirted foundations was increased by increasing the skirt depth and
surface roughness of models, and also, reducing the density of the sand. The comparison of the bearing
capacity results of the skirted foundations with the corresponding values of the semi-deep foundations
showed that the load- bearing behavior of the skirted foundations is close to those of semi-deep foundations
with the same depth and diameter. Comparison of the skirted foundations performance relative to
embedded surface foundations represents a further reduction in the settlement amounts of surface
foundations due to the skirt existence underneath foundation instead of its embedment in depth, as well as
the further improvement of bearing capacity by increasing the surface roughness of the skirt.

Key Word Skirted foundation, Physical modelling, Bearing capacity, Semi-deep foundation.
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which is defined as settlement
(SRF=s4/sx), Was considered.

reduction factor

Table 1. Material propertiesused in the numerical analysis

Surface Semi-deep and
Parameter Soil (there foundation embedded
sand type) and skirt foundation
(stedl) (concrete)
Stress-strain Hardening Linear Linear elastic
model elastic
Unit weight 15.9-16.3- 78 22
(KN/m®) 16.6
Poisson’s 0.3 0.3 0.2
ratio
Young's 16-21-24 2.1e5 2e4
modulus
(MN/m?)
Peak friction 38-41-43 -
angle
(degrees)
Dilatancy 8-11-13 -
angle
(degrees)
Interface 0.6-0.9 0.6-0.9
strength
factor

Variation in the bearing capacity ratio, in terms of
skirt depth ratio (Figure 2) showed that soil confinement
due to skirt existence leads to a significant improvement
in the bearing capacity of surface foundations regardiess
of different parameters. The enhancement in BCR values
increases with increasing D/B. Analysis of the findings
showed that skirt inclusion beneath a surface foundation
increases the bearing capacity by a factor about 1.73 for
D/B of 0.5 and 4.95 for D/B of 2.0, without considering
the side roughness and sand density. The obtained results
indicate a 500% improvement in the performance of
surface foundation in terms of bearing capacity.

of 0.5 and a maximum settlement reduction 92% for D/B

6

O B=50 mm, Rd-0.64, 5-29° - B=75mm, Ré4=0.64,6-29° & B=100 mm, Rd~0.64, 5-29°
0 B=75 mm, Rd=0.5, §=29' B B=100 mm, Rd=0.5, 5=29° + B=75 mm, Rd=0.75, §=29°
5 1 X B=100 mm, Rd=0.75,§-29° = B=100 mm, Rd=0.64, §=34° < B=100 mm, Rd=0.64, 5=37°
X B=75 mm, Rd-0.64, 5-37° @ Average value
o
4 El
a é
-1 oy
- = § . £
$3
2 é x
4
2
1
0
0 0.5 1 13
/B

Figure 2. Variationsin the BCR in terms of D/B

Variations of settlement ratio values against the skirt
depth ratios showed that skirt inclusion remarkably
reduces the settlement of shallow foundations. Such
settlement reduction is directly proportiona to the D/B
values. Based on the results analysis as shown in Figure
3, vaues of settlement reduction factor of skirted
foundation models obtained in the range of 0.08-0.64, so
that reflects aminimum settlement reduction 36% for D/B

of 2.
1.2
O B-100 mm, Rd-0.5, §-29" A B-75 mm, Rd-0.5, 8-29°
0 B=100 mm, Rd=0.64, §-29° & B=75 mm, Rd=0.64, 6=29°
19 + B=50 mm, Rd-0.64, §-29° X B=100 mm. Rd=0.75, =297
= B=75 mm, Rd=0.75, 5-29° < B-100 mm, Rd-0.64, 6-34°
0.8 X B—100 mm, Rd-0.64, §—37* & B-75mm, Rd-0.64, 5-34°
[é ® B—75 mm. Rd—0.64, 5—37° ® Average value
06 g
0.4 1 T, 6
0.2 4 Average value of SRF & TP ﬁ
HE ]
0 . +
0 0.5 1 1.5 2
D/B
Figure 3. Values of SRF against the skirt depth ratios

Variations in the values of bearing capacity ratio in
terms of Ry, shows that more efficiency in increasing
bearing capacity and decreasing settlement of the shallow
foundations due to the skirt existence is obtained in the
case of sand with low relative density. Therefore, using
the skirt to improve the performance of surface
foundations in the soils with low shear strength is more
preferable.

5. Conclusion

Considering the conditions and parameters considered in

this investigation, the following conclusions can be

drawn:

¢ Sand lateral confinement due to the existence of skirts

beneath the shallow foundations resting on sand leads

to considerable improvement in bearing capacity of
shallow foundation models. The magnitude of
improvement enhances with increasing the ratio of skirt
depth to foundation width. In this study, for small-scale
models, the enhancement values of bearing capacity
were measured in therange of 2.310 4.95, depending on
different parameters.

Using skirts surrounding shallow foundations resting
on sand modifies the pressure-settlement behavior and
considerably reduces settlement of foundations. The
maximum reduction of settlement were measured to be

approximately 92%.

¢ Analysisof the resultsrevealed that the enhancement in
bearing capacity values and settlement reduction of
skirted foundations increases with increasing side
roughness of the foundation models.

e Comparison of the results showed that bearing capacity
values of skirted foundations are close to those of semi-
deep foundations with the same depth and width.

e Based on the results, charts were developed to estimate
the bearing capacity improvement and settlement
reduction of skirted foundationsresting on sand interms
of different parameters studied in this research.
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Experimental and Numerical Study of
L oad-Bearing and Settlement Behavior of
Circular Skirted Foundations compared to
Other Types of Foundations

Sajjad Gholipour ' Masoud Makarchian?

1. Introduction

Geotechnical engineers have aways been researching
and devel oping appropriate methods for replacing surface
and deep foundations, so that they could meet the
requirements of bearing capacity and settlement of
surface foundations. Using the vertical plates below the
circumference of surface foundation as skirt has
developed a new concept of foundation called skirted
foundation, which consists of atop raft as footing and a
relatively thin plate as skirt beneath the foundation
circumference. The skirts with creating latera
confinement of soil and forming an integrated system
transfer the loads to the soil at the level of skirt tip.

In spite of extensive studies and the development of
empirical relationships for estimating bearing capacity
and settlement of surface and deep foundations, there are
no corresponding correlations for skirted foundations.
Therefore, in this research, the bearing capacity and
settlement of circular skirted foundations resting on sand
under vertical compression loading was studied by
physica modeling and numerical analysis with
considering the effect of different parameters including
skirt depth, foundation diameter, sand density, and
surface roughness of the foundation models. In order to
compare the performance of skirted foundations with that
of embedded foundations in the depths of skirt tip, and
also, semi-deep foundations, a series of numerical
modeling were performed.

2. Literature Review

The behavior of square skirted foundations resting on
laterally confined sand by skirt was studied by Eid in
2013. The enhancement in bearing capacity increases
with increasing skirt depth and decreasing shear strength
of sand. The influence of soil confinement on the
performance of circular foundations was investigated by
other researchers. Confining cylinders with different
heights and diameters were used to confine the sand. The
results indicated lateral confinement of soil underneath
the footing leading to a significant improvement in the
bearing capacity up to 17 times, along with decreasing
lateral displacement of the soil. The bearing capacity
enhancement in the range of 1.5 to 8.1 times and
settlement reduction up to 90% have been reported for
foundation models by some researchers due to skirt
inclusion within sand.

3. Moddling Program
The laboratory model tests were carried out on the small-
scale models (1g) to study the behavior of circular skirted
foundations. The testing setup (Figure 1) used in this
investigation consisted of a rigid test tank, sand raining
hopper, a loading system, the footing model, and data
acquisition system. The laboratory tests were carried out
on circular and square steel foundation models having the
diameters (B) of 100, 75, 50 mm. The skirt depth (D) to
the foundation model width ratios (D/B) of 0.0, 0.5, 1, 1.5,
and 2.0 were used for the present study.

:gi:ipaurg:isilion system
- 8and raining frame

- Setup loading frame
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10 - Dial gage (LVDT)
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Figure 1. Schematic view of the testing setup

The extensive finite element analysis was carried out
using the PLAXIS software to investigate effects of the
skirt existence on the behavior of surface foundations
resting on sand. Fifteen-node wedge elements were used
to simulate elemental mesh. The numerical modeling was
carried out on circular foundation models having the
diameters (B) of 100, 75 mm for small-scale models and
1, 2, 4 mfor large-scale models.

The sand, considered as the foundation soil, was clean
medium-grained sand called Firoozkooh sand. The
strength properties of sand such asinternal friction angles
and modulus of elasticity were determined using direct
shear and triaxial compression tests (Tablel).

4. Resultsand Discussion

The improvement in bearing capacity of surface
foundations was represented using the bearing capacity
ratio, BCR=0s/gs,, Which is defined as the ratio of the
bearing capacity of skirted foundation (gs) to that of
surface foundation (gs). To evaluate the behavior of
skirted foundation models in terms of settlement, the
settlement values of skirted foundation models (s«), and
those of surface foundation models (sx) at an applied
stress level equal to 50% of the ultimate bearing capacity
of a surface foundation were compared and as a
dimensionless parameter like settlement ratio (Su/Sw)

1 PhD in Civil Engineering Department, Faculty of Engineering, Bu-Ali Sina University, Hamedan, Iran.
2 Corresponding Author. Assistant Professor in Civil Engineering Department, Faculty of Engineering, Bu-Ali Sina University,

Hamedan, Iran.
Email: makarchian@basu.ac.ir
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slip, bolts are contacted with the connected plates and
ultimately the connection reaches its fina resistance at
600 kN. Moreover, the amount of slipping of sampleswith
and without sandblasting is approximately equal.
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Figure 2. Theload-displacement diagram of specimens

4.2. The Effect of Painting. A Figure 2 showsiit is found
that the thickness of the paint has a substantial effect on
the frictiona resistance of the connection. As the color
thickness increases from 20 microns to 40 microns, the
frictional resistance decreases by about 30 percent.
Further, it can be observed that the amount of slippage in
both casesis the same and is about 2 mm. The area under
the curve with a thickness of 20 microns is also greater
than the other one, which indicates more energy
absorption in this case. Moreover, both specimens have
reached their ultimate strength at 600 kN.

5. Conclusion

In the present study, the effects of different contact
conditions (painted, sandblasted, and grooved) were
investigated experimentally. Based on the interpretation
of the results, the following findings can be expressed:
-Sandblasting the steel surfaces, by increasing the friction
coefficient of platesin contact with each other, increased
the dlip resistance of the joints about 60 percent;

-If thereisa color on the connecting steel surfaces, the
resistance of the connection will be greatly reduced. This
decrease was amplified by increasing the thickness of the
color, as an instance, it was observed to be 36% for
specimens that were painted with a thickness of 40
microns.

-For grooved stedl plates, the absorbed strain energy
(toughness) significantly increases compared to other
cases, in which, with increasing the height of groovesthis
parameter is increased.
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1. Introduction
Many researchers have investigated the behavior of
structural bolted connection so far. For example, Puthli
and Fleischer considered such connections in the case of
high-strength steel plates. They evaluated the effect of
some structural factors such as bolt’'s spacing and edge
distance for two M27 grade 10.9 bolts. In this study, the
tested specimens were designed to prevent tensile failure
of the plate or bolt shear failure, since the primary
attention was devoted to the bearing resistance of these
members. The obtained experimental results involving
failure loads finaly were compared to Eurocode 3 to
interpret the design formulafor high-strength steel grades.
In another research, Shi et al. developed a finite element
model for beam-column end-plate-type connections with
pre-tensioned high-strength  bolts in the software
framework of ANSYS. Verification of the finite element
model with experimental results has been done, and it was
shown that humerical modeling with excellent accuracy
can determine the actual behavior of these connections. In
other words, the results of numerical simulations were
able to obtain a precise momentum curve for such
connections by considering the pre-stress effect of the
bolts. Furthermore, Moze and Beg experimentally
examined the ductility and resistance of 38 tension splices
double-shear bolts where plates were made from steel
grade S690. They compared their experimenta data with
Eurocode provisions and proposed a new formula for
computing the bearing resistance in such connections.
This study intends to examine the effect of different
surface conditions on the behavior of Slip-critical Bolted
connections. In this regard, in order to the optimal design
of these components, the influence of these factors on the
strength of the Slip-critical Bolted connection must be
considered correctly. In other words, this research intends
to find how much the colored and sandblasted surface can
affect the capacity of the Slip-critical Bolted connection.

2. Slip-critical Bolted Connections
There are two different mechanisms for tolerating
external forces, including bearing and dlip-critical types.

2.1. Bearing-type Connections. Bearing-type connection

is one of the most convenient methods for transferring
load between two steel members. This connection isonly
for gravity loading and should not be used in seismic
design. In this type of connection, no pre-tension forces
are generated in the bolts and, only tightening the bolt is
sufficient by the ironworker; that is, the bolts are not
tightened adequately so as to considerably squeeze the
plates together.

2.2. Slip-resistant Connections. In the design of all
moment-resisting and dual frames, as well as bracing
joints and lateral-resisting columns in simple frames, this
type of connection should be utilized. In a dlip-critical or
friction type connection, when a fastener is tightened the
pre-tension force T; is generated in the bolt.

3. Method

Regarding the single-shear type of components, in all
samples, two A36 ASTM steel plates are used to make
each connection. Thelength, width, and thickness of these
plates respectively are 350, 200 and 20mm, which is
constant in all cases (Figure 1).
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Figure. 5. Configuration of samples along with spacing
and edge distances (d = bolt diameter)

35¢m

In general, in this study, eight different contact
conditions are considered in order to investigate the effect
of dipping. These conditions involve ordinary,
sandblasted, painted (with two different thicknesses) and
grooved (with two types of shapes and different heights)
steel plates.

4. Resultsand Discussion
4.1. The effect of sandblasting. Figure 2 shows that the
utilization of sandblasted steel plates increases the
frictional strength of the member. Indeed, by comparing
the resistance values of the horizontal parts of the two
graphs, it is observed that the averagefrictional resistance
of the member has increased by about 20% using this
procedure.

The amount of slipping of the samplesisabout 1.5mm
toreach the start of the bearing resistance. After thisinitial
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no difference between the modified Cam Clay
mechanical model and the Tourchi thermomechanical
model.
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Figure 2. Vertical stressesin the soil adjacent to the pile at
the end of the heating phase of thermomechanical loading

4. Conclusion
Considering the results, it can be stated that the selected

constitutive model for the soil adjacent to the energy piles
is effective in analyzing the performance of the energy
piles and the numerical results obtained from Tourchi
thermomechanical constitutive model and modified Cam
Clay was closer to the field results compared to the
Drucker-Prager mechanical behavior model. Moreover,
due to the low amount of stressin the soil around the pile
and the low change in soil temperature, there is no
significant difference between the results of Tourchi
thermomechanical model and modified Cam Clay
mechanical model. On the other hand, the radial and
vertical components of soil stressand strain in around the
energy piles and also the vertical and radia stress of the
energy piles are affected by the constitutive model of the
soil, but the change in soil behavioral model around the
pilesdoes not create asignificant changein pileradial and
vertical strain.
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1. Introduction
In recent years, the study of thermomechanical

constitutive models and its use to investigate the behavior
of energy pile and the adjacent soil under
thermomechanical loads has increased. In this study, a
thermomechanical constitutive model was added to the
Abagus finite element software to be used to evaluate the
performance of energy piles. Results obtained from
numerical modeling of Triaxia test show that the code
written for the given constitutive model is capable of
predicting soil behavior under thermomechanical
conditions. Moreover, results obtained from the analysis
of energy pile using mechanical constitutive models of
Drucker-Prager, MCC and thermo-mechanical
congtitutive model Tourchi show that in the analysis of
energy pile, although the choice of constitutive model has
a significant impact on the results, but there is no
difference between choosing a mechanica or
thermomechanical constitutive model for the adjacent
soil.

2. Numerical M odeling and Constitutive M odel

The purpose of this study was to determine the effect of
soil constitutive model on the results obtained from
modeling energy piles. For thisgoal, aUMAT Subroutine
was first written for the Tourchi constitutive model,
which hasbeen proposed to predict the thermomechanical
behavior of saturated clay. Then, for the accuracy of the
written code, a three-dimensional model of the
consolidated drained triaxial and its results were
compared with the results of triaxial experiment in the
technical literature. Finally, a finite element three-
dimensional model for energy piles performance analysis
was developed using the Tourchi behavioral model and
the Drucker-Prager and modified Cam Clay Models to
simulate the behavior of soil in Abaqus 2017. In addition,
the obtained results from these two analyses were

compared with the numerica and laboratory results
reported by Laloui et al [2].

3. Resultsand Discussion

The vertical stress curve aong the pile under
simultaneous loading of 1300 kN mechanical load and
13° thermal load on day 12 is a 28-day consolidation
process, shown in Figure 1. As Figure 1 shows, the
maximum vertical stress of the pile under simultaneous
mechanical and thermal loading occurred in the B layer
of soil that the use of a modified Cam Clay model and
Tourchi in this layer has significantly increased the
agreement of numerical and field results compared to
when the Drucker-Prager model describes soil behavior
in thislayer.
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Figure 1. Vertical stressalong the pile under a mechanical
load of 1300 kN and athermal load of 13.4 °

Figure 2 shows the vertical stresses created in the soil
adjacent to the pile at the end of the heating phase of
thermomechanical loading. As can be seen in Figure 2,
the change in soil behavior model caused a vertical
change in the soil adjacent to the energy piles, so that in
some places this change has reached 100 kPa, but thereis
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Figure 2. Geometric shapes of baffle blocks. (a)
Rectangular block (REB) (b) Semicircular block (SCB) (c)
Triangular block (TRB)

According to the theory of Raudkivi and Ettema in
1983, the average particle diameter should be more than
0.7 mm to prevent the formation of ripples during the
experiment. Moreover, when the geometric standard
deviation of the particlesislessthan 1.3, the non-uniform
effect of the particles on the scour depth can be ignored.
For this purpose, non-stick sediments with an average
diameter of 0.72 mm, specific gravity of 2.65 g/cm3, and
a standard deviation of 1.12 were used.

3. Resultsand Discussion
Examination of the geometric characteristics of the scour
hole showed that the use of the shape and pattern of
installation of the block base on the slope of the chute in
all tested models has affected the scaled dimensions and
has always reduced the dimensions of the scour hole. In
summary:

1. The final depth and length of the scour increases with
increasing number of landings upstream of the
overflow;

2. In the series of concavity tests against the flow of
blocks, the scour dimensional parameters have aways
had lower values than the convexity against the flow;

3. By reducing the installation distance of the blocks in
relation to the overflow claw, the scour reduction in
depth and length increases, so that in the installation
position of the blocks (Lb / Lf = 0.8) the highest
energy consumption occurred compared to other
installation positions. The installation of blocks
between 15 to 61.2% has been effective in reducing
the depth of the scour hole.

4. In position (Lb/Lf=0.6), rectangular and semicircular
blocks with convexity against current and also, in
position (Lb/Lf=0.8) triangular block with concavity
against current, with function on average, 38.1 to
73.4% have the highest decrease during scouring
compared to other conditions.

5. By increasing the landing number of the stream
upstream of the overflow crown, the relative
dissipated energy of the stream at the point of the chute
decreases.
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1. Introduction

The high energy stored in the outflow stream from the
overflows is controlled by designing energy-consuming
structures in the chute or downstream dtilling basin.
However, the occurrence of local scouring downstream is
one of the biggest threats to the stability of overflows.

Hence, Dargahi in 2003, with increasing roughness of
the stilling basin, showed that although no specia change
isformed in the normal flow pattern, but it causes a sharp
decrease in sediment transfer downstream and the scour
holeis 17 to 57% smaller without the roughness. In 1964,
Peterkaand Karon introduced a chute structure with baffle
blocks as a type of current energy shock dissipator. They
believed that the baffle blocks in the chute do not reduce
the flow velocity, but reduce the kinetic energy in the
downstream by reducing the flow acceleration. So the
most favorable conditions will be when the blocks are
placed perpendicular to the inlet stream.

Laboratory studies of Kaya and Emiroglu in 2010 on
the effect of T-shaped, trapezoidal and stepped block
foundations on two different slopes of the shooting bed on
the energy loss of the current passing through this
structure, showed that the T-shaped block in terms of
increasing energy loss and the amount of oxygen entering
the stream outperformed other geometries. Karimi et al. in
2019 examined the effect of chute wall divergence with
three different geometries (rectangular, triangular and
semicircular baffle blocks) by constructing a physical
model in the laboratory on the depth and dimensions of
the scour hole below shoot. For this purpose, 9 models of
baffled chute with divergence ratios (1, 1.45, 1.75 and
2.45) were made. Comparing the results related to the
effect of block geometry in different divergence ratios, it
was found that using the blocks proposed in this study
instead of the standard USBR blocks, on average, reduces
the scour hole depth by up to 50%. For a given block
geometry, the mean and maximum depth and length of the
scour hole are reduced by 75, 58 and 50%, respectively.

Looking into the research background and the
importance of scouring at the foot of overflows, the
present study investigates the effect of installing the base
of rectangular, triangular and circular blocks on the chute
in order to control the erosive power of the flow in the
overflow claw (reducing scour depth and length). It can
be a cheaper replacement for blocks on USBR ropes or
complex and expensive stilling basins. Experiments on
the variation of the input landing number examined the
effect of the installation pattern and the geometric shape
of the blocks on the energy drop along the path from the
overflow to the foot of the chute.

2. Materialsand Methods

The experimental model was fabricated in a glass channel
with length, width and height of 6, 0.5 and 0.5 meters,
respectively, in the laboratory of hydraulic models of
Ferdowsi University of Mashhad. Overflow and shot
geometry specifications by the USBR instruction and
Tuna's recommendation in 2012 with width and height,
respectively; 0.5 and 0.3 m and was designed on a slope
with an optimal angle of 30 degrees (Figure 1).
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Figure 1. Schematic of the channel and plan of the
laboratory model

The number of installation blocks in each row of the
model was selected according to Blaisdel's
recommendation in 1948 in the range of 40-50% of the
width of the chute floor. Therefore, in each row, 6 blocks
with a fixed opening width (D) equal to 3 cm with a
distance of 5 cm were installed. Moreover, according to
the USBR instruction, the depth of flow on a chute
without a block base in the design flow conditionsiis the
experimental criterion for selecting a height of 1.5 cm
baffle. The longitudinal position of theinstallation for the
arrangement of four rows of bases was selected as aratio
of the total length of the dope of the chute (Lb/Lf =0.2,
0.4, 0.6 and 0.8) (Figures 1 and 2).

In order to investigate the effect of the geometric
shape of the block foundations with the proposed
geometric characteristics, three modes were considered
according to Figure 2.
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Figure 1. Graphs of sensitivity vectors of random variables

4. Conclusion

Studies have shown that the analyses performed with very
little different results, confirm the high probability of
failure (9.5%) for the immediate settlement of the
rectangular foundation relative to the acceptable
probability of failure in engineering. Moreover, the
comparison of the calculated probability of failure of the
methods showed that, considering the same result of the
second order reliability method and the Monte Carlo
simulation, which has a very high accuracy in estimating
the probabilities, the limit state surface is closer to the
parabola.

For this reason, the first order reliability method, with a
linear approximation of the limit state surface, does not
make accurate predictions. As the Monte Carlo
simulation requires a large amount of random data
(n=280000) and replication of the simulation to reduce
the changes in the probability of failure and to achieve a
high-precision answer, for the present problem the second
order method at a much lower computational cost is an
alternative.
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1. Introduction

By and large, the ground is one of the most highly
variable, hence uncertain, engineering materials. Unlike
quality controlled materials such as wood, concrete, or
steel, whose probability distributions are well-known and
relatively constant world-wide, geotechnical designers
face large resistance uncertainties from site to site, and
even within a site. Because of this site-specific
uncertainty, there is a real desire in the geotechnical
community to account for site understanding in order to
achieve economical, yet safe designs. The foundation
settlement is one of the geotechnical issues whose
parameters are facing uncertainty.

In this study, a reliability analysis was performed
using the distribution functions of random variables in the
problem of immediate settlement of a rectangular
foundation as well as defined relationships. For this
purpose, various reliability methods such as first order
reliability method, second order reliability method and
Monte Carlo simulation were used to estimate the
probability of failure and sensitivity analysis of random
variables. These analyzes were performed in RT and
@Risk software, which are powerful tools for performing
probabilistic analyzes.

2. Rdliability assessment methods and sensitivity
analysis
The limit state function at its value of zero (G(X) =0),

which is called the limit state surface, may be in the form
of a straight line to a high degree curve. In the first order
reliability method, this assumption is based on the
linearity of the limit state surface, and it is linearized
using Taylor's first-degree expansion to simplify the
calculations ahead. In the second order method of
reliability, a quadratic approximation is applied from the
limit state surface around its most probable point. In other
words, instead of approximating the limit state surface
with a line, a parabola is replaced. The Monte Carlo
simulation method is also one of the numerical methods
which, by repeating a test in large numbers, leads to the
determination of the probabilistic distribution of the limit
state function. In this way, the probability of failure is
calculated as follows:

N n(G<0)

Pf N

Sensitivity vectors &, f, 8 , n and x are among the

sensitivity vectors that compare variables relative to each
other by presenting the importance of variables in the
form of a vector.

3. Analysisand results

The rectangular foundation settlement problem includes
the impact variables according to the following equation.
In this problem, the contact stress (q,), Poisson’s ratio
(V) and elastic modulus (Es) are assumed to be random
variables independent of the normal distribution.

AH =0.5Bq l_Vzm(I P jl
8% g 2 )R

The amount of foundation settlement as an independent
variable by combining the settlement threshold (50 mm),
form the following limit state function:

G(X)=(AH);, . —AH

The estimated probabilities of failure state in the
second order reliability and Monte Carlo simulation
methods are very close, while the first order reliability
method estimates higher probability of failure than other
methods. Since the result of the second order method is
closer to the Monte Carlo simulation as a method with
very high accuracy, it can be concluded that the limit state
surface in this study is out of linear mode and is closer to
the parabola. Therefore, in this case, the first order
method for estimating the probability of failure with a
linear approximation is erroneous.

Table 1. Failure probability calculated by reliability methods

MCS

(Risky | MCS(RT) | SORM | FORM | Method
9.6 9.54 9.59 10.81 Pf
B 1.308 1.305 1.237 B

The results of sensitivity analysis based on reliability
showed that according to the figure below, the reliability
index has a high sensitivity to the contact stress variable.
It is clear that the contact stress has a huge effect on the
amount of settlement, but in some cases it is impossible
to reduce this stress. It is important to improve the
environmental parameters. In this case, the Poisson's ratio
is more important than the elastic modulus.
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Figure 2. IDA curves and fractiles of a) mean model b) 50 random models

According to the results, all the models showed a
lognormal distribution. For 10 level, the difference of
fragility curves of mean of the 50 models and the mean
model is significant. However, for CP and GI levels the
difference is negligible which confirms the IDA results.
Therefore, the effect of uncertainties cannot be neglected
for 1O level.

5. Conclusion

In this study, the effects of aleatory and epistemic

uncertainties on a steel moment frame were investigated.

Extended IDA was employed using LHS method for

every random model to obtain fragility curves. From the

results the following conclusions can be drawn:

1. According to the IDA, the effect of aleatory
uncertainties is considerable, since for each random
model seismic response of the structure is variable,
especially for higher seismic demands.

2. Uncertainties due to plastic hinge parameters can
highly affect the structure's response. For instance, for
mean model, collapse occurs in the range of 0.6 to
2.3g, but for other models this range is 0.4 to 3.25 g.

3. Difference in fragility curves is more obvious for 10
level and for the other CP and GI levels this difference
is reduced. Overall, the epistemic uncertainties mostly
affect the IO state of the structure. However, when the
number of random models increase, the uncertainties
decrease.
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1. Introduction

In the last several earthquakes damage occurred in
structures that were designed by the latest design codes.
Studies showed that uncertainties in design of such
structures play and important role in their seismic
behavior. These can be categorized into aleatory and
epistemic uncertainties. Aleatory uncertainties origin
from uncertainty in earthquake phenomenon while
epistemic uncertainties are due to errors and simplified
assumptions in structural modeling.

IDA analysis can only model record-to-record
(aleatory) uncertainties. Recently extended IDA has been
introduced that can model both aleatory and epistemic
uncertainties. The aim of this study was to investigate the
effects of both aleatory and epistemic uncertainties on
steel moment frames using extended IDA analysis.

2. Modeling and record selection

The structure used for analysis is a 5-story steel moment
frame with Sm-length bays. It was located in Tehran with
very high seismicity and was designed by Iranian design
codes. A 2D frame of the building was modeled in
OpenSees for analysis. Plastic hinges were modeled by
concentrated elasticity using zero-length element. Bilin
material was used to define moment-rotation behavior of
the plastic hinges based on modified Ibarra-Krawinkler
model. Moreover, beam and column elements were
modeled by elastic Beam Column element. Forty far-field
ground motions were selected for analysis. The records
were selected randomly to obtain the desired dispersion
in the characteristics of these records.

3. Uncertainty modeling

To model epistemic uncertainties, first a hysteresis model
for plastic hinges is needed. As mentioned before, Ibarra-
Krawinkler model (Figure 1) was used in this study with
the statistical parameters shown in Tables 1 and 2. Based
on this hysteresis model, 50 random models were
generated as well as a model with mean parameters. Next,
IDA analysis was conducted on these models and IDA
curves were plotted (Figure 2).

To be able to interpret the results, 16%, 50% and 84%
fractiles are also calculated. In the mean model, the first
and the last IDA curves reach global instability at 0.6 and
2.3 g while other models collapse at 0.4 and 3.25 g levels.
Also, when the structures reach high levels of spectral

I MSc, Islamic Azad University, Roudehen Branch, Roudehen, Iran.

intensity, dispersion in IDA curves increases. Most of the
84% fractiles show a similar trend near collapse state of
the structure, but a large dispersion is observed in 16%
fractiles.

Moment M
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Figure 1. Ibarra-Krawinkler model for dynamic analyses

Table 1. Statistical parameters of plastic hinges

M| M,

parameter 0, O A M, | M,

distribution | 0% | Log | Log- | nor | nor

normal normal normal | mal mal

mean calculat | calculat | calculat 117 | 111

ed ed ed

Standard | 5, 0.25 035 | 021 | 0.05

dev.

Table 2. Statistical parameters of plastic hinge parameters

parameter | 6, | O | A | M,/M | M. /M,
o, 1.00 | 0.69 | 0.44 0 0
0 0.69 | 1.00 | 0.67 0 0
A 0.44 | 0.67 | 1.00 0 0
M,/M,, 0 0 0 1.00 0
M./M, 0 0 0 0 1.00

4. Fragility curves

To plot fragility curves, 10, CP, and GI limit states were
defined based on FEMA350 definition. Next, the
assumption of lognormal distribution of the spectral
accelerations was controlled. For this reason, KS
statistical test was employed and P-values were
calculated. If the P-value is more than the significance
level (i.e. 0.05), the assumption of lognormal distribution
is confirmed.
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