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Study on confined end-regions of RC walls under monotonic

and cyclic loadings

Rafik Taleb"" and Susumu Kono?
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2Institute of Innovative Research, Tokyo Institute of Technology, Yokohama, Japan

Abstract. A study was conducted to clarify the influence of reinforcement detailing, slenderness
and loading type on the capacity, damages and failure modes of confined boundary regions of
reinforced concrete (RC) cantilever walls. It was found that the tensile strain prior to compressive
strain affected the performance of thin wall boundaries and may lead to different failure modes
compared to compression load only. It was also found that dense transverse reinforcement
detailing in thin confined boundaries did not improve their performance. Some design and detailing
practices were evaluated to determine their accuracy in preventing global buckling and bar
buckling under extreme lateral loading. Numerical model that take into account reinforcing bar
buckling was proposed to simulate the behaviour of specimens tested under monotonic condition.
The model could simulate the observed response with good accuracy.

1 Introduction

Following the 2010 Chile and the 2012 New Zealand
earthquakes, observed damages in RC wall buildings
raised concern about the seismic performance of
rectangular RC walls. In these earthquakes, severe
damage happened to concrete walls in numerous walled
buildings leading to partial or total collapse. Structural
wall damages of boundary regions included spalling and
crushing of concrete, often spread over the entire wall
width, longitudinal reinforcement in those regions
fractured under tension or buckled under compression,
and apparent out-of-plan wall buckling was also observed
in some damaged buildings [1,2,3]. It was reported that
lack of adequate confinement and detailing in boundary
regions was one of the main causes of those damages.
These observations raise questions about the mechanisms
that lead to reinforcing bars buckling, concrete crushing,
and global wall buckling, as well as the quantity and
configuration of transverse reinforcement at wall
boundaries required to ensure good performance.

This study is a contribution to clarify the influence of
reinforcement detailing, slenderness and loading type on
the capacity, damages and failure modes of confined
boundary regions of RC rectangular walls. One of the
objectives of this study is to assess whether or not out-of-
plan buckling and buckling of vertical reinforcement
could be expected at the boundaries of concrete walls, and
to explore the relationship between the phenomena of
concrete crushing and reinforcing bar buckling. It is also
important to predict the influence of ultimate failure mode

: Corresponding author: rafik.taleb.dz@gmail.com

on ultimate drift capacity of RC walls and build numerical
model able to take into account these damage situations.

2 Experimental Program

An experimental program was conducted in order to bring
insight on the seismic performance of confined end
regions of RC rectangular walls. The behaviour of
boundary regions in a ductile RC wall subjected to lateral
loading was studied by isolating the boundary regions of
the wall as an axially loaded RC column. Although the
approach does not account for the strain gradient expected
across the section, the idealization is useful in providing
an understanding of the mechanism involved during
lateral loading of the RC wall. The objective was to
investigate the influence of longitudinal and transverse
reinforcement amount, slenderness and load type
(Monotonic and cyclic) on their capacity, damage process
and failure modes.

2.1 Description of the test specimens

Table 1 shows cross-sectional configurations and
reinforcement layouts of the tested elements. Eight
rectangular elements with two different sectional
dimensions (B-type and C-type) having approximately
similar cross-sectional area were constructed and tested.
The element specimens were built without considering
cover concrete so that the intermediate damage state due
to spalling of cover concrete could be omitted, since the
objective was to assess ultimate behaviour and failure

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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Correlation between shear and normal strength for brittle
reinforced concrete member considering internal stress
condition of concrete
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Abstract. Formulas used to predict shear strength of reinforced concrete in different standards do
not always correspond to each other due to the complexity of the shear transfer mechanism.
Currently there is no generally accepted method of shear strength pridiction, however, traditionally,
shear strength anticipation of a structural concrete elements is performed differently on members
with or without shear reinforcement. These empirical approches tend to predict the shear strength
too conservatively; alternatively, shear strength of concrete can be easily predicted by Mohr-
Coulomb theory. In case of high-axial load and low shear reinforcement, the strength is likely to
be determined by the concrete's shear crack. Therefore, a method to predict the strength of
concrete with Mohr-circle has been proposed but the circles crossed the boundary and could not
evaluate the strength correctly. Mohr circle can be used for prediction of diagonal tension failure
strength but the circle cannot be evaluated. In this paper, Mohr circles were investigated
considering all steps of cyclic loading until shear crack occurred. It also investigates a correlation
between shear strength and normal strength through recognition of the Mohr-Coulomb failure
criteria for each specimen.

Therefore, a method is desired for the prediction of shear
strength to have applicability over all conditions based on
rational shear failure mechanism.

1 Introduction

Formulas used to predict shear strength of reinforced

concrete in different standards do not always correspond
to each other’s prediction due to the complexity of the
shear transfer mechanism. The shear strength anticipation
of reinforced concrete members has been one of the fact-
finding topic and therefore numerous researches have
been launched (Nielsen et al. [1]; Vecchio and Collins [2,
3]; Bentz, Vecchio and Collins [4]). Currently there is no
generally accepted method of shear strength prediction;
however, traditionally, shear strength anticipation and
checking of structural concrete elements is performed
differently on members according to the shear
reinforcement. Several well-established theories based on
equilibrium considerations can be applied when shear
reinforcement is provided, leading to safe design
solutions. On the other hand, the actual shear failure
mechanism cannot be demonstrated by these approaches
and the shear strength is often estimated too
conservatively.

As a solution for that issue, Muttoni [5] and Zhang [6]
have investigated the shear strength of reinforced concrete
members without stirrups based on a critical shear crack.
It is realized that recently developed methods are
restricted to the certain condition and property of material
and cannot be directly applied to new technology.

: Corresponding author: d174422@hiroshima-u.ac.jp

In this paper it is attempted to address correlation
between shear and normal strength based on recent
improvements of shear strength prediction by Mohr-
Coulomb theory to investigate the shear failure
mechanism of reinforced concrete members.

2 Shear strength prediction with mohr-
coulomb criterion

A shear strength prediction of reinforced concrete
members with Mohr-Coulomb criterion has been
proposed by Pujol [7]. When the Mohr circle’s stress
reaches the criterion internally, shear stress is given (See
Fig. 1). The Mohr-Coulomb theoryis a mathematical
model (Fig. 1) describing the response of brittle materials
such as concrete, or rubble piles, to shear stress as well as
normal stress. The Mohr-Coulomb theory suggests a
correlation between normal and shear stress as well as
failure load and angle of friction. Coulomb’s friction
hypothesis is utilized to determine the combination of
shear and normal stress that will cause a fracture of
concrete. Mohr’s circle is used to clarify which principal
stresses will produce this combination of shear and

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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Critical success factors of collaborative approach in delivering

sustainable construction
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Abstract. The essential aspect of sustainability in construction lead the complexities and
involvement of multi parties in the construction project as well as its process. Conflicts of interests
may appear in the process. Collaborative approach is essential for supporting decision making in
delivering sustainable construction. This research identifies the collaboration critical factors.
Scatter plot of mean and standard deviation analysis is done to rank the criticality of each
collaboration factors in delivering sustainable construction. Eventually, factor analysis is done to
identify the similarities between all the factors. There are twelve (12) factors identified from
previous studies. Among all the collaboration factors, coordination among project stakeholders is
identified as the most critical in delivering sustainable construction and followed by sharing
responsibilities and mutual support. Based from factor analysis, five new factors of collaborative

approach have been found.

1 Introduction

There are three key areas involved in sustainability. They
are environmental responsibility; social awareness; and
economic profitability. Achieving the right balance
between these three key areas supports true sustainability.
Given that there are a massive number of ongoing
construction projects every year, the cumulative
environmental impact from the projects becomes a serious
problem that can cause significant damage, not only to
ecosystems but also to the health and well-being of field
workers and nearby residents of those projects [1].
Therefore, the construction industry has now emphasized
in adopting the concept of sustainability to better protect
the environment; being more profitable and competitive;
as well as delivering buildings and structures that provide
greater satisfaction, well-being and value to customers
and users. Thus, sustainable construction is a trend
nowadays and not only refers to the buildings and spaces
but also the processes or activities used to construct the
structures. Most of the structures and infrastructures are
constructed under project-based setting. A construction
project, especially those with sustainable construction
intention, involves multi-disciplinary entities. Multi
entities are needed in performing sustainable
construction. The term entities in construction can refer to
individuals, teams, units, departments, functional areas or
organizations [2]. The entities can be categorised into
three main roles which are owner/ developer; designer
(architects and engineers); and contractor (main
contractor, sub-contractor and specialist). Traditional

*
Corresponding author: yani.rahmawati@utp.edu.my

construction project practice has been based on rigid and
impermeable boundaries that have made communication,
cooperation and integration a major challenge [3]. Hence,
collaborative approach is essential in breaking the
boundaries between entities involved in a construction
project and finally delivering a successful sustainable
construction. Research has suggested that successful
collaboration allowing potential for learning and
innovations; leading to project success as well as creating
future collaboration opportunity [4]. Fig 1 [5] illustrates
the collaborative decision model in construction, whereby
in supporting the involvement of multi disciplines
participants collaboration is essential. This research aims
to seek critical success factors of collaborative approach
in supporting decision making to deliver sustainable
construction.
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Fig. 1. Decision making model in construction [5]
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Analysis of embankment slope stability: the comparison of
finite element limit analysis with limit equilibrium methods
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Abstract. This paper presented the analysis of embankment slope stability by considering the
problem of embankment slope stability with special effects that it was filled with sand and was
placed on purely cohesive clay. The finite element limit analysis of two-dimensional plane strain
was employed to analyze the stability of this problem. The embankment slope height (H), the depth
factors (d/H) and the embankment slope angle (B) for the finite element limit analysis of sand was
modeled as a volume element with the properties of Mohr-Coulomb material in drained condition.
And the clay was modeled as a volume element with the properties of Tresca material in undrained
condition where the parameters were soil unit weight (y), undrained shear strength (su) and friction
angle (¢'). Parametric studies consisted of three dimensionless variables including depth factors
(d/H), friction angle (¢') and embankment slope angle (B). Results were summarized in the form of
the dimensionless stability number (sW/yH(FS)) and the design chart and application were
presented. In addition, the comparison of the solution of stability number with the limit equilibrium

methods and the failure mechanisms were also proposed in this paper.

1 Introduction

Embankment slope stability is commonly found in
various road construction projects and at present, the
prediction of the embankment slope stability is one of the
important roles for civil engineers. In general, there are
several effects on the embankment slope stability, such as
embankment slope’s physical properties, strength
parameters, and embankment slope geometry and the
construction process is also affected to the embankment
slope as well. Moreover, the embankment slope can be
categorized into natural embankment slope or
construction processed embankment slope. Also, most of
the fill slopes are often found in construction projects,
which are characteristics of the embankment slope [1,2].
Limit equilibrium method (LEM) is one of the
conventional methods which are used to evaluate
embankment slope stability because LEM is a simple and
inexplicable method. However, there are some limitations
in this method, such as the shear assumption that occurs
in the division of the components and the assumption of
the failure curved lines. In general, LEM bases on the
principle of moment and the equilibrium of force in order
to evaluate the stability of the embankment slope. There
are many important researches such as in [3,4,5,6,7]
which analyzed the problems of embankment slope
stability by using LEM, but only in 2D analysis system.
In the analysis of the embankment slope stability, it is
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necessary to assume the failure curved line and then
divides the components of the failure curved line, which
must base on the principle of moment and the equilibrium
of force in order to base on the basic principles of LEM.
Thereafter, the assumptions present in these researches
should check for ensuring that the assumptions are correct
and consistent with the principle of LEM.

Limit analysis can also use to analyze embankment
slope stability problems and the use of these methods has
been incorporated into the research such as in [8,9,10,11].
On the other hand, some researchers have studied in order
to find solutions to the case of layered soil slope and
cohesive-frictional slope such as in [12,13]. However,
there are not many researches on the solution which is
obtained from the analysis of embankment slope which is
filled of sand and is placed on purely cohesive clay by
using finite element limit analysis. Therefore, the research
in this topic is still important and should place for the
further research in this topic.

For the above reason, this paper proposed the analysis
of embankment slope stability by considering the problems
of embankment slope stability with special effects that it
was filled of sand and was placed on purely cohesive clay
by using finite element limit analysis both upper and
lower bound on plane strain (2D Plane Strain). Moreover,
the comparison of the solutions of stability numbers to the
LEM and its applications were presented in this research.
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