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Effect of Steel Fibers on Flexural Cracking of Fiber Reinforced Concrete Beams
with Lap-Spliced Bars

A. Karimipour M. Reza Esfahani

Abstract In this research, the effect of steel fibers on flexural cracking of fiber reinforced concrete beams
with lap-spliced bars under static and loading/unloading cycles was investigated. Ten specimens of
laboratory beam with the section width of 150mm, height of 200mm and length of 2300mm and with
different splice lengths of tension rebars and different percentages of steel fibers were manufactured and
tested. Four specimens were subjected to static loads and six specimens were subjected to
loading/unloading cycles. Among the specimens, one was selected as the control specimen without having
lap-spliced bars and steel fibers. Other 9 specimens were made using steel fibers with different volumetric
percentages of 0, 1 and 2. The specimens were conducted under four-point bending tests. It was shown that
the flexural crack width in beams decreases with increasing the volume percentage of steel fiber,
significantly. Steel fibers in specimens subjected to static loading and loading/unloading cycles increased
the energy dissipation.

Key Words Steel fibers, Flexural cracking, Concrete beams, Spliced bars.
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Experimental Investigation on the Effect of Wing Walls on Scour Hole’s Dimensions
Downstream of Culvert

S. M. Ali Zomorodian H. Ghaffari F. Sadati

Abstract

Local scour at the culvert outlet is common event. In this study the effect of different angles of wing walls flare on
scour in hydraulic conditions for type 1 and 4 flows at downstream of circular and box culvert investigated. Wing
walls flare 15, 30, 45, 60 and 75- degrees to the outlet centerline were considered in this study. Result showed
15- degree flare wing walls reduced scour depth, scour length and mound height. So, 15- degree flare wing wall
in box culvert and typel flow reduced scour equal 35.3% to the control test. Also, 30- degree flare wing walls in
box culvert and typel flow has shown a good performance in reducing scour depth equal 46%. Wing walls flare
angle 60 and 75- degree, did not have good performance in reducing scour depth at downstream of culverts. In
type 1 flow, scour can be reduced by using of wing walls with any angles. In type4 flow, only 15- degree wing
walls flare reduced maximum scour depth equal 30% in circular culvert and 10% in box culvert. Also, the
dimensions of the scour hole on downstream of the circular culvert is more than box culvert. So, in the circular
culvert and type 1, scour depth increased equal 35% compared to box culvert and it was observed equal 95% in
type-4 flow. The dimensions of the scour hole in type 1 flow is higher than type 4 at all angles, while the mound
height in type 4 is higher than type 1 flow.

Key word Local scour, Hydraulic type, Wing Walls flare
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Poisson Regression Model of Frequency and Severity of
Road Accidents in Rural Roads.

M. Asadamraji S .E. Seyedabrishami M. Saffarzadeh M. Askari

Abstract One of the important ways of identifying road accident potentialities is road safety audits. After identifying
these points, appropriate strategies to reduce the number and severity of accidents can be considered for them. In this
study, using road safety audits, access, pavements, signs, roadside, and geometric problems and accidents leading to
the deaths of outlying urban road sections were identified and using these data, the model of crashes in them Was
presented. In this paper, the Hamadan-Kermanshah axis was chosen as a case study. In this axis, Poisson’s regression
model was more reliable and the problems of drainage ditches and vertical alignment were the most important
reasons for the accident and resulted in death.

Key Words Safety Audit, Rural road, Poisson regression model.
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Horizontal and Vertical Slices Method, Compare and Evaluation of Exactitude of
in Soil Slope Stability Analysis

M. Khodaparast M. Khashei R. M. Momeni

Abstract Soil slope stability analysis, is one of the most important issues in the design of earth dams,
roads, canals and levee. One of these methods is the limit equilibrium analysis with horizontal and vertical
slices method.To evaluate the results of horizontal and vertical slice method in the calculation of stability
safety factor, at first Two formulations of each method selected, then stability Safety factor has been
achieved with the use of these methods for several slopes. The exact amount of stability safety factor by
using of the analytical method has been obtained then the accuracy of the each method and comparison of
their results with each other is studied.Considering studies at this research, concludes that at generally
vertical slices method results exact and with a few confidence rand. Whereas horizontal slices method
results have a relationship with selected formulation. In cases where the soil is layered horizontal or issues

with horizontal forces, horizontal slices method provide greater ease of use. Finally, explained
recommendations for using slice method.

Key Words Soil slope, Stability analysis, Safety factor of stability, Horizontal slices method, Vertical slices
method, Evaluation of exactitude.
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Improving the Extended Finite Element Method in the Crack Problems
via the Remeshing Process

K. Modabber H. Moslemi

Abstract Challenging and complex nature of the numerical analysis of crack problems have attracted
the interest of many researchers in past decades and several techniques have been proposed for these
problems. One of these techniques is the extended finite element method in which the crack tip field
modeling is improved by enrichment of shape functions and the crack can intersect the elements. On
the other hand, we have adaptive finite element method which aims to improve the accuracy of
displacement and stress fields near the crack tip by remeshing process. Researchers have reported the
drawbacks of each of these two techniques. In this paper the drawbacks of the previous techniques are
covered with proper combination of these two techniques. By this combination the crack can pass
through the elements and there is no need for crack tracking by mesh. In addition the estimated error is
limited to desirable bands and stress intensity factor can be computed numerically with acceptable
accuracy.

Keywords Extended Finite Element Method; Crack Problems; Adaptive Finite Element Method;
Enrichment functions, Remeshing.
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Pozzolanic Effects of Meta-Halloysite and Micro-Silica on Mechanical Strength
and Durability of Concrete

A. Soltani A. Tarighat M. Byezidi

Abstract To determine the effects of meta-halloysite and micro-silica pozzolans on mechanical strength
and durability of concrete, 8 mix designs with two water/cementitious (W/C) ratios of 0.40 and 0.45 were
performed. The ordinary Portland cement (OPC) was replaced by incorporations of 10 and 20% of meta-
halloysite, and 7% of micro-silica. Samples were cured until the ages of 14, 28 and 90 days. Results imply
that the combination of meta-halloysite and micro-silica for both W/C ratios particularly in the case of the
lower ratio (0.40) when the sample contains 10% meta-halloysite, leads to a significant increase (89%) in
the compressive strength of mixes (from 25.3 to 47.7 MPa). Also, the highest flextural strength (6.18 MPa)
resulted in the lower W/C ratio (0.40). It is noteworthy that increases in W/C ratios for all mixes don 't lead
to remarkable decreases in flextural strengths. Notably, the ultrasonic velocity (UV) for all mixes in the
lower W/C ratio (0.40) shows a considerable increase particularly in 10% meta-halloysite compared with
control samples. The findings above are all indications of better improvement of concrete strengths by
natural pozzolan (meta-halloysite).

Key Words Concrete, Meta-halloysite, Silica-fume, Mechanical Strength, Durability.
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Performance Improvement of Urban Runoff System by Using Additive-Contained
Pervious Concrete

E. Teymouri H. Karami S. F. Mousavi S. Farzin

Abstract By adding perlite and leca to porous concrete, its physical characteristics were studied.
Compression strength, hydraulic conductivity and porosity of two porous concretes (without fine grains
and with 20% fine grains) were measured. Results showed that adding 20% fine grains to porous
concrete highly decreases hydraulic conductivity and porosity and increases compression strength. The
highest compression strength (20.5 MPa) was seen in without-fine-grains samples (L10-0 treatment) and
in with-fine-grains samples (34.85 MPa) in L15-20 treatment. The L5-0 treatment in both cases of
with/without additives, had the highest hydraulic conductivity and porosity. Leca had better performance
than perlite.

Key Words Porous Concrete, Leca, Perlite, Urban Runoff, Physical Characteristics.
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Preparing the Pressure-Impulse Diagrams for Reinforced Concrete Columns with Axial
Load using Single Degree of Freedom Approach

M. Esmaeilnia S. Mollaei

Abstract In this paper, moment-curvature behavior of reinforced concrete column with constant axial
load is determined by finite element method and then it is introduced to a single degree of freedom (SDOF)
model based on Euler-Bernoulli theory. Using this SDOF model, dynamic response of the RC column under
the blast loading is estimated. The introduced SDOF includes secondary moments (P-4) effects, nonlinear
behavior of the material and effects of strain rate on concrete and steel materials through the calculation
steps of the model. In order to validation, results obtained from SDOF model for transverse displacement
of RC column under blast loading is compared to finite element analysis results (OPENSEES) and real-
scale explosion test results on RC columns. Then, introduced SDOF method is used to draw Pressure-
Impulse (P-1) diagram of the column with considering the presence of axial compressive load. According
to the results, introduced SDOF approach, under the far field explosion conditions (Z>1 kg/m'?), has
acceptable accuracy. As well, the effect of axial load on P-I diagram of the RC column is very important.

Key Words Blast Loading, Equivalent Single Degree of Freedom Model, Pressure-Impulse diagram, RC
Column.
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halloysite (mostly until 28 days). After 28 days, the
progressive improvement in compressive strength is
observed in al mixing designs, indicating a new
performance for the replacement of OPC by meta-
halloysite which is related to its long-term
contribution in cement clinker reactions. This
suggests that meta-halloysite contributes to both
pozzolanic and long-term cement reactions. In other
words, industrial additives (e.g. SF) mostly perform
pozzolanic reactions which occur in the early stages
of concrete hardening while natural additives,
particularly calcined clays (e.g. meta-halloysite)
perform early and late stages of strengthening
concretes made with OPC.

The modulus of rupture was determined
following the ASTM C78-02 on prismatic samples.
For al the samples containing SF and meta
halloysite, the obtained flextural strengths are higher
than control sample, indicating filler effects and low
porosity in the cement gel. They could be associated
with the high surface area of additives and low level
of W/C ratio.

The durability of hardened concretes was
determined by ultrasonic velocity (UV). After 28
days, for all mix designs, the UV results show higher
speeds. In particular, samples made with 7% of SF
and 10% of meta-halloysite at alow W/C ratio show
a better performance indicating the condensation of
the paste at early stages. Therefore, such concretes
are durable in aggressive environment.
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Figure 2. Compressive strength at different ages.

4-Conclusion

The results of this study clearly suggest that the
combination of meta-halloysite and micro-silica for
both W/C ratios— particularly in the case of the
lower water ratio (0.40) when the mixes were made
with 10% meta-halloysite—yields a significant

increase (89%) in the compressive strength (from
253 to 47.7 MPa). Also, the highest flexural
strength (6.18 MPa) resulted in a lower W/C ratio
(0.40). It is noteworthy that increases in W/C ratios
for all mix designs do not show a considerable
decrease in flexura strengths. Notably, the
ultrasonic velocity (UV) for all mixes in the lower
W/C ratio (0.40) shows a considerable increase,
particularly in 10% of meta-halloysite compared
with control samples. The aforementioned findings
are indicative of better improvement of concrete
strengths by natural pozzolan (meta-halloysite)
when compared with industrial pozzolan (SF).
Taken overal, the novel findingsfor meta-halloysite
include its significant development in pozzolanic
reactions as opposed to SF, its long-term
enhancement in mechanical strengths and durability
indices as well as improved performance in low
water contents in comparison with OPC and SF.
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Pozzolanic Effects of Meta-Halloysite and
Micro-Silicaon Mechanical Strength and
Durability of Concrete
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1-Introduction

The present study extracted residual halloysite soil
from Shahr-e Babak area, Kerman, Iran. The soil
was genetically formed by the degradation of
quartzo-feldspathic rocks under hydrothermal
processes. Halloysite, anatural mineral belonging to
the aluminum-silicate hydrated group containing
tetrahedral and octahedral Al layers, forms tubesin
a nano scale with dramatic properties which have
contributed to its widespread industrial applications.
When it crystallizes with two water molecules in
structural  formula, it is caled “enddlite”
[Al:Si205(0OH)4). Endellite  originates  from
hydrothermal alteration of rhyolitic and granitic
rocks, and changed into halloysite by hot fluids at
400 °C. Chemicaly, the outer surface of the
halloysite tubes has properties similar to SiO, while
the inner cylinder core is related to Al.Oz which
together may improve the cement matrix [1-2].
When the structure of halloysite experiences a state
of disorder, it can contribute to pozzolanic reactions.
On the basis of X-ray diffraction (XRD) and X-ray
Fluorescence (XRF) data (Figure 1 & Table 1), the
selected halloysite is a chemically-appropriate
additive for developing strength in concrete.

2-Materialsand Methods

The selected halloysite was milled by the Los
Angeles machine. To attain the fine powder of
halloysite, a 38-um sieve mesh size No. 400
(ASTM-E11& 1SO 565/3310-1) was used in dry
sieving, resulting in extending the surface area. The
fine powder was gently calcined at 750 °C (ASTM
C311) and remained in kiln at the same temperature
for three hours. This process carried out by Iranian
Minera Processing Center, Karg, Tehran. To
compare the pozzolanic activity of meta-halloysite
and obtain high strength concrete, the commonly
used micro silica (SF) was employed in mix designs
with 7% of the proportion. Meta-halloysite was
added in 10 and 20% of replacement. For the present
investigation, 8 mix designs were performed based

on the water/cementitious materials (W/C) of 0.40
and 0.45; all sampleswere cured until the ages of 14,
28 and 90 days.
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Figure 1. XRD analysisfor meta-hallosite.

Table 1. XRF data for meta-halloysite.

Major oxides Wt%
SO, 46.29
AlOs 17.51
Fe:03 6.94
MgO 5.67
CaO 11.27
K20 3.17
NaO 1.04
P,Os 0.30
TiO, 0.97
SOz 1.22
SO 0.07
Cl 0.62
Loss On Ignition (LOI) 4,92
Total 99.99
3- Discussion

The optimum amount of replacement OPC by
adding pozzolanic materials includes 7 and 10% for
SF and meta-halloysite, respectively. By increasing
the age, all samples commonly show an increase in
compressive strength (Fig. 2). A reverse trending is
observed by increasing the W/C ratio from 0.40 to
0.45 which means that the high surface areas of
additives (meta-halloysite and SF) prevented further
water consumption in the concrete production. The
compressive strengths of hardened concretes do not
show a considerable increase at the ages of 14 and
28 days. This is related to pozzolanic reactions
caused by SF (mostly until 14 days) and meta
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Steps 1-4  Steps 4-6 Modified step 6

Fig.1 Mesh refinement steps

The variation of estimated error in different steps of the
crack growth is shown in Fig. 2. It can be seen that in the
steps where the error is beyond the error under
consideration, the mesh refinement would reduce the
error. The stress intensity factor is evaluated by the
combined method and the results are given in Table 1 and
are compared with theoretical values.

0 .
—— dlill EITOT

o estimated
e = error
g 1
B
I
=]
-a ]
L¥]
L]
1 19 14 Fil L 39
crack length (cm)

Fig.2 Variation of the estimated error with crack length

Table 1. Stressintensity factorsin the edge crack problem

Crack Estimated Ki Ki Ku
growth error Numerical Analytical Numerical
step
1 7.47 7.55 8.69 0.365
2 10.51 9.73 11.77 -0.54
3 13.69 13.28 16.25 -0.24
4 16.74 18.21 22.99 1.06
4 10.02 20.36 22.99 0.52
refined
5 12.95 30.73 33.238 1.68
6 17.55 32.58 48.60 6.11
6 9.20 47.90 48.60 -1.6
refined

4- Conclusions

According to the results obtained in this research, the

following concluding remarks could be listed:

1. In the proposed method, the crack can be modeled,
being independent of the structural mesh.

2. The fracture mechanics parameters were obtained
more accurately with the proposed algorithm and the
crack path ismore coincident with the analytical results.

3. Adaptive mesh refinement is accomplished only in
some steps where the estimated error exceeds the error
under consideration.

4, The proposed agorithm automatically detects the
critical regions of the problem and refines the mesh in
such regions.
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Improving the Extended Finite Element
Method in the Crack Problems
via the Remeshing Process

K. Modabber™ H. Moslemi?
1-Introduction

The challenging and complex nature of the numerical
analysis of crack problems has attracted the interest of
many researchers in the past decades and severa
techniques have been proposed for these problems. One
of these techniques is the extended finite element method
in which the crack tip field modeling is improved by the
enrichment of shape functions, and the crack can intersect
the elements. On the other hand, we have adaptive the
finite element method which aims to improve the
accuracy of displacement and stress fields near the crack
tip by remeshing the process. Researchers have reported
the drawbacks of the two techniques. In this paper, the
drawbacks of the previous techniques are covered with
proper combination of these two techniques. By this
combination, the crack can pass through the elements and
there is no need for crack tracking by mesh. In addition,
the estimated error is limited to desirable bands, and the
stress intensity factor can be computed numerically with
an acceptable accuracy.

2- Combined adaptive and extended finite element
method

In the extended finite element method (XFEM), the
displacement shape functions are enriched to the model of
the discontinuities and cracks. Thus, there is no need to
remesh the model in each step of the crack growth. These
enrichment functions are categorized into two classes: the
enrichment functions for elements that are intersected by
crack and the function used for the element of the crack
tip.

In the crack problems, the discretization error ishigh in
the crack tip region due to the stress singularity in this
region. Thus, the evaluation of the stress intensity factor
is of difficulty and is less concerned with the theoretical
values. Therefore, the adaptive finite element method will
reduce the solution via the mesh modification and find the
critical regions which demand finer mesh. In this paper, a
recovery based method is employed to recover the finite
element solution and achieve more accurateresults. Inthis
approach, the error is estimated as the difference between
the recovered values and finite element solutions. After
the error estimation, an optimum mesh is generated
according to the estimated error. In this mesh, the

elementswith higher estimated error are refined and more
course elements are generated in the regions with fewer
errors.

The stress intensity factor is employed to illustrate the

intensity of the singular stresses near the crack tip. The
interaction integral is one of the most accurate techniques
for evaluation of the stress intensity factor. This method
is an improved version of Jintegra method which
evauates the Fintegral with an auxiliary field which is
simpler and more accurate.
In this paper, the crack is modeled using XFEM and the
crack passes through the elements. After commutating the
stresses, the domain error is estimated. If the estimated
error exceeds the error under discussion, the mesh is
refined via adaptive mesh refinement and the problem is
reanalyzed. Throughout these steps, the crack can pass
through the elements. When the estimated error yields an
acceptable value, the stress intensity factor will be
calculated using the interaction integral method. With this
combination, there is no need to track the crack path by
elements and the stress intensity factor is evaluated on the
base of more accurate stresses. In all of the analysis steps,
the finite element mesh will remain unchanged and
become independent from the crack path to benefit from
XFEM. In case the mesh error exceeds the error in
guestion, mesh will be regenerated. For example, it may
demand only two steps of mesh refinement out of the ten
steps of crack growth. The refined mesh does not conform
to the crack path.

3- Numerical example

In this section, a numerical example is investigated so as
to illustrate the accuracy and efficiency of the proposed
technique. This example is one of the classic fracture
mechanics problems and its theoretical stress intensity
factor isavailable. It is atensile rectangular plate with an
edge crack. In this example, the adaptive and extended
finite elements are combined and it is shown that in two
steps of crack growth, the estimated error exceeds the
error under consideration and the mesh refinement is
needed. The refined meshes in these two steps are shown
in Fig. 1. The dense mesh near the crack tip of each step
indicates that the proposed algorithm has properly
detected the critical points of the problem and reaches a
proper mesh.
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Fig. 1 The chart of changesin the coefficient of confidence
according to the adhesion valuesin the soil with a gradient
of 60° and a specific gravity of 1.8 tons per cubic meter
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Fig. 2 The chart of changesin the coefficient of confidence
accor ding to the specific gravity valuesin the soil with a
gradient of 60° and an adhesion of 3 tons per square meter

As with the circular slip on the soil with the adhesion
and internal friction angle, the coefficient of reliability of
the modified Bishop method is the highest and the
coefficient is assured by the Flenius method, and then the
confidence coefficient obtained from the 2N+1 horizontal
slices method is located. The lowest level of reliability is
related to the simplified method of horizontal slices of 2N.
In this case, with the linear increase of adhesion, the value
of the coefficient of confidence is increased linearly (Fig.
3). And with the linear increase in the volume of specific
gravity of soil, the value of the coefficient of confidence is
reduced nonlinearly (Fig. 4). Also, with an increase in the
linear angle of the internal friction of the soil, the value of
the coefficient of confidence increased nonlinearly (Fig. 5).

Slope 60 degrees

Sd

2 2.5 3 3.5 4
adhesion (ton/m?*)

—a—Flenius —@— Bishop —fe— 2N 2N+1
Fig. 3 Thechart of coefficient of confidence changesin terms
of adhesion valuesin soil with a gradient of 60° and a
specific gravity of 2 tons per cubic meter and an internal
friction angle of 30°
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Fig. 4 The chart of changesin the coefficient of confidencein
terms of specific gravity in soil with a gradient of 60° and
adhesion of 3tons per square meter and an internal friction
angle of 30°
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Fig. 5 The chart of coefficient of confidence changes based
on the values of the internal friction angle in the soil with a
gradient of 60° and adhesion of 3 tons per square meter and

specific gravity of 2 tons per cubic meter

In conclusion, the vertical slices method provides more
accurate results with a slight margin of confidence for the
soil slope while the results of the horizontal slices method
strongly depend on the formulation. In the horizontal slices
method, the 2N formulation method shows fewer values
for the slope stability coefficient whereas the 2N+1
method, which—in terms of formulation—is not among
the advanced methods of the horizontal slices method,
provides acceptable results—similar to the results of the
vertical slices method. By choosing the appropriate
formulation, the horizontal slices method can be highly
accurate and it should be noted that where the soil has a
horizontal layering or horizontal force problem such as the
presence of horizontal hardening or component of
earthquake force, etc., the method of the horizontal slices
provides much higher ease of use.
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Slices: Comparing and Evaluating
Exactitudein Soil Slope Stability Analysis
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1. Introduction

Soil slope stability analysis is one of the most important
issues in the design of earth dams, roads, canals and levees.
Another important issue in designing the embankment is
the optimal design of the plan. The application of high
safety factor in the design of the soil slope has a significant
effect on the final cost of the project, which will be more
important in the case of earth dams with a very high
volume of land operations. Accordingly, methods chosen
for the anlysis of the stability of the slope should be
justified both sustainability and economically.

There are many methods for calculating the stability of
the soil slope, which may have different results. One of the
most common methods is the partial analysis of the soil
slope using the parts method. This method, with the
assumption that the slope is located at the slip threshold,
examines the passive or active force and the moment to
obtain the coefficient of stability of the slope. In this
method, by considering a hypothetical slip wedge and
dividing it into a number of smaller pieces, the effect of
active or passive forces on each pieces is investigated.
Finally, with the addition of forces and moments, the slope
stability coefficient for the total slip surface is calculated.
In this case, depending on whether the parts are vertical or
horizontal, the method required for the calculation and
formulation will differ.

In the past, research has been conducted on the
development of the formulation of horizontal components
and their application in the analysis of the stability of the
slope. However, in the field of comparison and precision,
this method has not been adequately investigated by other
methods, including the method of vertical slices.

The main purpose of the present study is to compare the
results of the stability analysis of the soil slope using the
horizontal and vertical slices method and to determine the
precision of each method.

2. Material and methods

In the present study, we used two methods of vertical slices
(Flenius method and modified Bishop’s method) and
horizontal slices (2N formulation and 2N + 1 formulation).
Four kinds of rupture surface were also considered:
Transition slip with unlimited flat slip surface, limited slip
on the flat surface slip, the circular slip in homogeneous
adhesive soil (without internal friction angle) and the
circular slip in soil with adhesion and internal friction
angle. The safety factor against slip for several soil slopes
with geometric and geotechnical specifications were
determined. The stability analysis of the slopes is assumed

to be homogeneous soil, regardless of the effects of
earthquake force and water pressure.

In each step, an important problem with the precision
measurement of these methods was considered. In this
section, accurate analytical methods were used to calculate
the safety factor against the stability of the soil slope, and
then the data of the four methods were carefully
investigated. In some methods, to accurately distinguish
between different methods in determining the value of the
coefficient of reliability, the coefficient of reliability
changes diagram is plotted according to the adhesion
values. In doing so, in the software, the effect of changing
the adhesion value on the coefficient of reliability in
different methods is calculated by considering the specified
values for [] and ¢ for the slopes. Similarly, the same
procedure is followed for other parameters such as specific
gravity and the internal friction angle of the soil.

3. Conclusion

In the case of a flat surface slip, studies have shown that
there is a slight difference (about 0.4%) between the results
of the accurate method, the vertical and horizontal slices
method,. The main reason for the accuracy of the methods
in this case is the flatness of the slip surface. The values of
slider wedge surfaces are accurately calculated and there is
no approximation due to the presence of curvature at the
slider wedge surface, and as a result, the weight of the
parts, that is to say, the amount of force of the slices method
in the process is accurately calculated.

In a sliding mode of the circle in homogeneous
adhesive soil (without the internal friction angle), the
accuracy of the same was observed with the use of the
vertical slices method; the Flenius and modified Bishop
methods. And the difference between the results and the
exact amount is small. If the horizontal slices method is
employed in the 2N formulation, the results will be less
than the actual values (up to 20%) due to the approximation
at the effect point of the force. However, in the formulation
2N+1, although it is not a complete method for formulating
the horizontal slices method, in terms of accuracy, the
results are identical in the method of Flenius, and in some
cases they look the same in the Bishop method. In this case,
with the linear increase of adhesion, the coefficient of
reliability increased linearly (Fig. 1) and with the linear
increase in the amount of soil specific gravity, the
coefficient of reliability was reduced nonlinearly (Fig. 2).
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regression model for injury and fatal accidents are shown
in Tables 1 and 2, respectively.

Table 1. Output coefficients and output statistics of
STATA softwar e in the negative binomial model for
injury accidents

Parameter | Coefficient 4 P>|Z|
constant 2.38 8.96 0.000
1 -1.13 -2.61 0.009
N -0.78 -1.92 0.055
Log likelihood: -180.45
LR chi2 (2):7.38
Pseudo R2: 0.02

As Table 1 shows, in the best binomial model for injury
crashes, two independent variables, precipices as well as
the path smooth with a 99% confidence were found while
the LR was 7.38.

Table 2. Output coefficients and statistics of STATA
softwar e in the negative binomial model for fatal

accidents.
Parameter | Coefficient Z P>|Z]
constant -0.24 -0.56 0.573
E 0.21 1.77 0.076

Log likelihood: -98.80
LR chi2 (2):3.26
Pseudo R2: 0.162

According to the data in Table 2, in the negative binomial
model of fatality crashes, the only independent significant
variable with access reliability was 93%, and the LR was
3.26.

4- Conclusion
The results of this research are as follows:

e In models with different models and different
combinations of independent variables, the best
models were Poisson models of fatal accidents, as
shown in Table 3.

Table 3. The variables with the most significant
relationship between Poisson regression models

Accident types
(dependent Independent variables
variable)
Access density, roadside
1 Injury accidents problems, abyss,

precipices , horizons and
vertical arches
Access density, paving
problems, abys, water
problems and vertical
arch

2 Fatality accidents

Considering the results of this research, it could be
stated that to reduce the number of casualties and
injuries, priority should be given to enhancing safety
in the area of precipices, fixing pavement problems,
removing obstacles, removing barriers to vision,
arch modification, and modifying access and their
identification.
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Poisson Regression M odel of frequency and
severity of Traffic collisionsin rural roads

M. Asadamraji'®  S. Seyedabrishami?

M. Saffarzadeh? M. Askari*

1- Introduction

Investigations show that traffic collisions occur because
of three main factors of human, road, and vehicle and
proper planning and providing a solution for each can
reduce the frequency of crashes, resulting in a decrease in
road-related death tolls. Roads and road environments
alone or in interaction with other factors (human and
vehicle) account for 34% of total traffic collisions.

In order to provide effective solutions for road problems,
the causes of incidents should be identified. In this regard,
safety inspections and safety audits are very useful. The
road safety audit process focuses on road safety and by
identifying and correcting the elements which may lead
to a collision play a significant role in increasing safety.
In this research, the aim is to provide a model for
predicting crashes based on the results of the road safety
audit. In this regard, eight factors affecting crashes
include precipices vertical and horizontal signs, pavement
situation , street gutters, roadsides and shoulder problems,
,access density, and road position which all are
independent variables, and traumatic and fatal accidents
are considered dependent variables.

According to the eight factors mentioned above, the road
from Hamadan to Kermanshah, was divided into several
parts and all the stages of road safety audits were passed
through. Finally, considering the statistical relationships
between the parameters, a model is devised that can be
used to predict the likelihood of high-intensity crash
occurrence, i.e., traumatic and fatal crashes, in a section
of a road outside of a city

2- Methodology
In this study, Poisson regression and negative binomial
regression models were used to model crashes.
Description of these models is as follows.
Poisson regression model
In the statistics, Poisson regression is a kind of regression
analysis and a subset of generalized linear models used to

analyze the data obtained from counting. Ifthe x € R" is
the vector of the dependent and independent, it will take
the form of Eq. (1).

log(E(Y |x))=a'x +b (1

Ifineq. 1 a€ R" andb e R", we can write Eq. (2) as
follow:
log(E(Y | x)) = 0'x 2)

Where x is the n + 1 dimension of variables. By using the
Poisson regression parameter and the input vector, the
linear equation can be written and developed
exponentially.

In the Poisson regression model, the kth value of the

dependent variable y, is modeled as a Poisson random

variable with the mean £, and probability distribution
function of Eq. (3):

e*Hk Mk)’k

¥, !

Negative binomial regression model

The most commonly used model for the fitting of bipartite
counting data is a negative binomial, which is expressed
in both first (NB-1) and second (NB-2) types, and for the
data analysis, the constant and variable distribution
problem is used, respectively. In the negative binomial
regression model, the k-th observation of the dependent

p(y,) = (3)

variable ('Y, ) has the probability distribution function of
Equation (4):

:F(yk-l-r) My T e 7
PO yk!F(r) le+r} Ltk+r} @

The conditional mean for the vector of the observed

variables ( X, ) is obtained from equation (5):
E(Yk|xk)=l’lk =e” (%)

The relation between mean and variance in the
distribution of negative binomials in the type of over-
distribution of the variable (NB-2) is presented in
Equation 6:

L

V() =t ©6)

3- Modéling

Regarding the independent and dependent variables of the
model shown in Table 1, several models for each model
were constructed and their statistics and tests were
compared. The best results of the negative binomial

I* Corresponding Author,Ph. D. Candidate, Tarbiat Modares University.

Email: m.asadamraji@modares.ac.ir

2 Assistant Professor, Tarbiat Modares University.

3 Professor, Tarbiat Modares University.

4 Ph. D. Candidate, K. N. Toosi University of Technology.
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2- Model Specifications

The present research was conducted by two different
facilities (circular calvert and rectangular box calvert).
The calvert models used in this study were made of
plexiglass, and wingwalls and headwall were made of
Galvanized sheet. The geometric parameters of the
studied models are mentioned in Table 1.

Table 1. Parameters of calvert geometry

symbol model Circular calvert Leg(a;a?\ljg
h(cm) - 15
b (r) (cm) 10 20
L (cm) 180 180
Q (l/s) 6 15

The culvert assembly was set at a dope of 0.005. The
culvert models are placed in a flume with a length of 16
meters and a width of 70 cm and a longitudinal slope of
0.0027. The test section in the flume was 0.70 meters
wide and 2 meters long and 0.20 meters deep and recess
were filled with sand deposits (dso= 0.78 mm and o, =

1.25 ). This paper concentrates on scour occurrence at
calvert outlet and the effect of wingwalls flare angles in
two hydraulic types 1 and 4 has been investigated. Thus,
the outlet wingwalls flare angles which equal to 15, 30,
45, 60, 75 and 90 were investigated.

3- Observations and Discussion

The observations show that when the flow from the
calvert encounters the bed at all wingwalls flare angles,
scouring starts at a higher rate at the beginning of the
experiments. As time passes, the dimensions of the
scouring hole expand and the sediment is deposited in the
downstream of the scouring hole. Then theincreasing rate
in scouring depth decreases. In this research, the
maximum depth of scouring hole, thelength of scour hole
and the sedimentation height were investigated.
M easuring the maximum depth and length of the scouring
hole is necessary to estimate the protection length as well
as the type of energy dissipater structure in the
downstream of the calvert. In Figure 3, the variation in
the scour depth in relation to the wingwallsflare anglesis
shown.
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Fig 3. Thevariation in scour depth

In Figures 4 and 5, the variation in scour length and
sedimentation height in relation to the wingwalls flare
anglesis shown.
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4- Conclusions

The conclusions drawn from analysis are:

1- The dimensions of the scouring holein the downstream
of the circular culvert outnumbered the rectangular
box section; consequently, in the circular section in
hydraulic type 1, the scour depth increased by 35%
when compared to the rectangular box culvert as in
the type 4 hydraulic 95% was observed.

2- The depth and length of the scouring hole in hydraulic
type 2 were higher than those of type4 in both circular
and rectangular culverts.

3- The height of sedimentation in the circular section was
higher than that of the rectangular section, which was
more frequent in type 4 than type 1.

4- The wingwalls with the 15 ° flare angle decrease the
depth and length of the scouring hole and the
sedimentation height in downstream where the rate of
scour depth reduction in rectangular culvert with
hydraulic type 3 was 35.3% higher than the control
test. Also, the 30 ° flare angle showed the best
performance in rectangular culvert with type 1 and
reduced scour by 46%.
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in the Downstream of Culverts
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1-Introduction

A culvert is one of the most important intersecting
hydraulic structures, which is used primarily to convey
water through embankments of roads, highways, railways
or other types of flow obstructions. This structure plays
an effective role in conveying flood and protecting the
channels and related structures as well as embankments
through conveying flood or any uncontrolled flow.
Therefore, an accurate design and maintenance of
culvertsis necessary and plays an effectiverolein thelife
of the structure. Of the factors that threatens the stability
of cculvertsisthelocal scouring intheir outlet. Moreover,
scour hole is one of the common types of channel
instability. Scour holes are caused by high outlet
velocities and concentrated flows. Therefore, it is
necessary to simulate this kind of scouring in different
conditions so that it can provide suitable solutions for its
control. An exact theoretical analysis of calvert flow is
extremely complex. To facilitate the computation,
culverts flow has been classified into six types based on
thelocation of the control section and the relative heights
of the headwater and tailwater elevations. These six types
of flow are illustrated in fig.1. Many researchers have
studied the parameters affecting scouring in the
downstream of culverts. Wingwalls are used in the inlet
and outlet of the culvert as conductive wings. These
structures are employed to enhance the flow efficiency, to
encourage the flow in the inlet and outlet of the calvert,
reduce the head loss, help stabilize the structure, protect
the adjacent embankment and aso integrate the culvert
connection to the energy dissipater structure or the natural
channel structure in downstream. The schematic of
wingwalls and headwall are shown in fig.2. Wingwalls
flared with respect to the culvert axis are commonly used
and are more efficient than parallel wingwalls. Therefore,
due to the complexity of the hydraulic in the culverts and
the possibility of creating different hydraulic conditions,
and consequently, the effect of wingwalls flare angles on
the flow pattern and scour mechanism in the culverts
outlet, the simultaneous effect of these two parameters on
the scouring demands investigation. Also, to minimize
costs made by performing and constructing protective
apron and tilling basin downstream of these structuresin
order to control scouring, the maximum depth and length
of scouring as well as the sedimentation pattern in these
areas have to be estimated. So far, no research has been

conducted to investigate these parameters. In this
research by using hydraulic types 1 and 4, the effect of
flare angles of outlet wingwalls in circular and
rectangular box culverts has been investigated so as to
reduce the scouring parameters, as will be discussed in
the following.
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Fig.2. schematic of wingwalls and headwall
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increase in the volume of steel fibers results in
reducing the flexural crack width in beams . Steel
fibers in specimens subjected to static loading and

loading/unloading cycles increased the
dissipation.

[g
B
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Fig 1. Geometry of the beams and the arrangement of reinfor cement

Table 3 The maximum crack width in specimens under loading/unloading cycles

Theload at Maximum crack widths (mm)
fi rs{&fﬁ; '3 | Fourth cycle | Third cycle | Second cycle | First cycle Specimens
1.00 4.00 2.10 0.45 020 | 0.8l; — Cyc—0%
2.00 1.20 0.60 0.25 0.10 | 0.8l; — Cyc—1%
3.00 0.65 0.30 0.15 005 | 0.8l; — Cyc —2%
150 3.00 1.80 0.35 0.05 ly — Cyc— 0%
2.00 0.70 0.55 0.20 0.01 ly—Cyc—1%
4.00 0.50 0.25 0.10 0.00 ly — Cyc—2%

Loading (kN)
3

& g
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Fig 2. The load-displacement relationship under static loading
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The Effect of Stedl Fiberson Flexural
Cracking of Fiber in Reinforced Concrete
Beamswith Lap-spliced Bars

Arash Karimipour? M. Reza Esfahani®

1. Introduction

Concrete carries flaw and micro-cracks both in the
material and at the interface. These defects can be
favorably modified by adding short, randomly
distributed fibers of various suitable materials. Fibers
not only suppress the formation of cracks but also
control their propagation and growth. When combined
with post-crack bridging capability of fibers in
restrained concrete, fibers reduce crack widths and
cracks areas. Steel and synthetic fibers are used to
enhance fibers interaction with the matrix at the level
of micro-cracks and effectively bridge these cracks
and delay their unstable growth in the hardened state
when fibers are properly bonded. Once the maximum
tensile capacity of the composite is achieved, and
coalescence and the conversion of micro-cracks to
macro-cracks have occurred, fibers continue to
restrain crack opening and crack growth by effectively
bridging across macro-cracks, depending on their
length and bonding characteristics. A number of
parameters affect the lap-spliced bars. According to
Esfahani and Kianoush (2005), the lap-spliced length
in spliced reinforced concrete beams is calculated
using Eqg.1 asfollows:

A M

i T =
. a\/f—é a\/f_criw.s

wherea = 7.2dbd§’+ﬁ, A, isthe cross-sectional area
3

of one longitudinal tensile bar in mm?2, d, is the
tensile bar diameter in mm and c is the minimum
concrete cover. Eq. 1 is vaid to calculate the lap-
spliced bars only if an appropriate amount of
transverse reinforcement is used over the lap-spliced
bars. According to Esfahani and Kianoush (2005), this
amount of transverse reinforcement is necessary to
meet the ductility requirement of flexural beams. This
paper presents the effect of steel fibersin reinforced
concrete beams with lap-spliced bars on concrete
cracking under static and cyclic loadings.

2. Propertiesof specimens

Ten specimens of laboratory beam with the section
with the width of 150mm, height of 200mm and
length of 2300mm and with different splice lengths of
tension rebars and different percentages of steel fibers
were manufactured and tested. Four specimens were
subjected to static loads and six specimens were

subjected to loading/unloading cycles. Among the
specimens, one was selected as the control specimen
without having lap-spliced bars and steel fibers. Other
nine specimens were made using steel fibers with
different volumetric percentages of 0, 1 and 2. The
specimens were conducted under four-point bending
tests. The details of specimens are presented in Fig. 1
and Table 1.

Table 1. Lap-spliced bars, the percentage of steel
fiber and loading condition

: Steel Lap-spliced
Specimen fiber (%) | bars
W/o0 — St — 0% 0 _
g — Cyc — 0% 0 lg
lg — Cyc— 1% 1 lg
lg — Cyc— 2% 2 lg
0.815 — St — 0% 0 0.8,
0.814 — St— 1% 1 0.8,
0.814 — St — 2% 2 0.8,
0.8l — Cyc — 0% 0 0.8,
0.8l, — Cyc — 1% 1 0.8l
0.8l, — Cyc — 2% 2 0.8l,

In Table 1, I, is the calculated lap-spliced bars
using Eqg. 1. i% isthe percentage of steel fibers. St and
Cyc are the static and loading/unloading cycles,
respectively. The tension lap-spliced bars |4 was 430
mm. |n some specimens, the lap-spliced length of bars
was reduced to 0.8, equa to 340mm. The stirrups
spacing over the lap-spliced length were 30mm and
over the rest of the beam length were 60mm.

3. Test Results

The maximum crack widths in the specimens are
presented in Tables 2 and 3 in the specimens under
static and loading/unloading cycles, respectively.
The load-displacement relationship of the specimens
ispresented in Figs. 2 and 3.

Table 2 The maximum crack width in specimens
under static loading

Maximum crack widths (mm) Specimen
1.30 W/o—S5t— 0%
1.70 0.8l — St—0%
0.35 0.8l —St—1%
0.25 0.8l3 — St —2%

4. Conclusions:

In this research, the effect of steel fibers on flexural
cracking of fiber reinforced concrete beams with lap-
spliced bars under static and loading/unloading cycles
was investigated. It was shown that significant

Arash karimipour. Department of Civil Engineering, Ferdows University of Mashhad, Mashhad, Iran.
Corresponding author:M. Reza Esfahani. Department of Civil Engineering, Ferdowsi University of Mashhad,
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