


not accepted by the general public and must be disposed
properly. C & D wastes often due to the lack of proper
management, are stacked or buried in the periphery of
cities, roads and rivers are disposal, while most have the
ability to be recycled and reused. On the other hand,
due to different material properties in various regions,
discover the proper loan resources for civil projects al-
ways including the challenges is facing the design engi-
neers.

This study investigates the reuse of C & D wastes such
as concrete and cement blocks resulting from the con-
struction and demolition processes of Pars 2 region, in
pavement layers. Due to the scarcity and high value of
land in the region, disposal options of this typical de-
bris are not cost effective and should be recycled as part
of the waste of construction process operations. On the
other hand due to the lack of quarried rock mines in this
region, excessive use of river materials, causes the loss
of the normal cover from earth surface and ultimately
results in soil erosion. Hence, the reuse of C & D wastes
in the construction process would be economically and
environmentally affordable.

This debris after being crushed in a crushing machine,
results grains with diameter ranging from 0 to 25 mm
size four mixes with the percentage of recycled aggre-
gates zero , 10 , 30 and 50 percent were prepared to
evaluate the performance of the combined pavement lay-
ers.

Results indicated that these aggregates have less specific
weight and durability and show higher water absorption
in comparison with the natural aggregates.

Key Words: Recycled aggregates, cement block, road
pavement, specific weight, water absorption.
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One of the major issues in design and construction of
tunnels is seepage and it’s been highlighted by an extra
force which is generated by pore water pressure and di-
rected towards the tunnel walls. Since this extra seepage
force may lead to instability in soils and weak rocks with
low permeability, the necessity of drainage in such tun-
nels is visibly clear. Drainage systems in tunnels have
different types and materials and the most common ones
are peripheral filter drainage and pin-hole drainage sys-
tems. Despite the drainage system importance, very
limited studies have been conducted on the drainage
systems and the effective factors affecting their perfor-
mance. The need for such systems is clearly felt during
construction of many tunnels during the writers field
studies.

In this article, Umbrella drainage system is presented as
a new alternative drainage system for the tunnels under
steady state seepage condition. The arrangement of this
system is an smart combination of Pin-Hole drainage
system and it is inspired by forepoling method of support
installation. In this study, the performance of the afore-
mentioned drainage system is investigated through nu-
merical statical three dimensional analysis of the lining
for deep circular tunnels subjected to steady-state seep-
age by using ABAQUS finite element software. Further-
more an optimum arrangement for pipes in the drainage
system is presented by taking into account the maxi-
mum effective principle strain for the lining of a tunnel
as a monitored parameter. Also the effective factors af-
fecting the drainage tube of the draining system is to
investigated. Moreover, all of the factors with an in-
fluence on the drainage tube of this draining system is
explored through investigating the pore water pressure
distribution on the surface of the lining of a tunnel and
considering it as a type of effective loading in designing
the lining of the tunnel and also estimating the drained
volumetric discharge of the drainage tubes.

Key Words: Umbrella drainage, deep circular lined tun-
nel, steady-state seepage, numerical statistical analysis.
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value of the quality criterion under optimum condition is
predicted. In order to validate the accomplished study
and evaluate the Taguchi method, a proof test, based
on the optimum combination, is usually built, and its
result is compared with the software prediction. In this
research, due to the numerous factors affecting the com-
pressive strength and unit weight of concrete, four gov-
erning factors are selected: pumice with sieve type 1,
pumice with sieve type 2, sand and filler. In addition,
pumice with sieve type 3 has been also selected as a
complementary factor. The remaining materials, such
as the ratio of water to cement, additives and cement
weights, are considered as constant. In order to deter-
mine the optimum combination, the orthogonal array of
19 is utilized and after the analysis and determination
of optimum levels, the results of laboratory proof tests
and prediction of the Taguchi method were compared.
The results demonstrate that the systematic Taguchi de-
sign method is very useful in reaching the optimum mix
design of semi-structural lightweight concretes.

Key Words:  Taguchi, lightweight concrete, pumice,
lightweight aggregate, design of experiments, optimization,
minitabm.
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As porous concrete has acoustic and drainage charac-
teristics, it is used in many concrete structures, such
as pavements, reinforced panels, and so on. In this re-
search, the mechanical characteristics, carbonation and
corrosion potential of embedded steel reinforcement, such
as compressive strength, percent of carbonation, capil-
lary absorption coefficient and corrosion potential, are
investigated. The hydrophobic agent is poured into some
mixtures to evaluate the effect of this admixture on the
hardened specification of concrete.
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It is known from results that all porous mixtures are
very sensitive to the carbonation process because of their
porous structure and the entry of carbon dioxide at the
full depth of these concretes. Although the hydrophobic
agent has no effect on the structure of concrete, for de-
creasing the saturation percent of capillary pores, these
agents can decrease the rate of concrete carbonation.
For porous structures of this kind of concrete, and the
small thickness of paste layer around the steel reinforce-
ment in comparison with conventional concrete, the rate
of the carbonation process in porous concrete is faster
than in conventional concrete. The results show that
application of a hydrophobic agent causes a decrease in
capillary absorption coeflicient, so, the probability of the
presence of water for initiation and expansion of the cor-
rosion process is decreased. It is found that the capillary
absorption coefficient has a linear relation with corrosion
potential, wherein increasing the capillary absorption co-
efficient cause an increase in corrosion potential in the
reinforcement of porous concrete, respectively.
Therefore, usage of a hydrophobic agent in porous con-
crete mixtures not only causes a decrease in the rate of
carbonation, but may also propagate the time of initial
corrosion.

Key Words: Porous concrete, corrosion, carbonation,
hydrophobic agent.
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Despite the fact that construction and demolition wastes
(C and D wastes) compared to other types of waste has
less risk to the environment and their management is rel-
atively simple, but from an aesthetic point of view was
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Oil storage tanks are used extensively in different na-
tional industries such as refineries, power plants and
fuel storage facilities. Therefore, the seismic safety and
stability of this kind of tank during strong earthquakes
are very important. Many existing tanks are designed,
constructed and operated based on outdated versions of
standards and code requirements. Therefore, investiga-
tion into existing tanks using the latest versions of in-
ternational standards and their retrofitting is necessary.
In this study, reducing fluid wave sloshing height in steel
storage tanks using an annular baffle as a damping de-
vice installed on the tank shell is investigated. Based on
the widespread use of baffles in moving liquid containers,
especially in space vehicles, the ability of baffles to re-
duce sloshing effects in storage tanks that are especially
broader than fuel containers is under question.

The primary objective of the shake table study made in
this research is to provide test data for verification of
numerical models and to recommend a practical baffle
arrangement that would be effective over a range of fre-
quencies. For this purpose, a typical tank model with a
geometrical scaling of 1/16 is considered in this research
as representative of anchored tanks with different height
to diameter ratios. At the Laboratory of the Interna-
tional Institute of Earthquake Engineering and Seismol-
ogy (ITEES) in Tehran, a shaking table test was un-
dertaken to evaluate sloshing wave amplitudes in scaled
model steel storage tanks in cases of with and with-
out annular baffles. Three earthquake ground motion
records are used as input base motions to the studied
tank model generated by the shaking table. Four differ-
ent liquid filling levels and 3 types of baffle arrangement
are used to investigate the effect of the number and lo-
cation of baffles on sloshing amplitude reduction during
the earthquake in the studied tank model. The results of
studied models indicate that the annular baffles have sig-
nificant effects in reducing sloshing wave height as slosh-
ing dependent dampers, and can be used in oil storage
tanks.

Key Words: Aboveground steel storage tanks, baffles,
sloshing dependent dampers, shaking table.
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From a strength point of view, lightweight concretes
are categorized into three groups of structural, semi-
structural and non-structural concretes. The main pur-
pose of this research is to determine the optimum mix de-
sign of a semi-structural lightweight concrete composed
of pumice aggregates with the lowest unit weight and a
reasonable compressive strength. For this purpose, the
Taguchi method, with four effective factors and three
levels, has been adopted. The method is a systematic
design of experiments which can efficiently reduce the
time and cost of experiments. In this method, the most
effective factors are selected and different levels are de-
termined for each factor. Then, based on the number
of factors and the assigned levels, a suitable orthogonal
array is chosen using the Taguchi guideline. These ar-
rays can provide a regular program for the experiments,
including the number of tests and the combination of
different levels in each test. At the end of each test,
the corresponding quality criterion is obtained. Using
the results of systematic tests via MINITAB software,
the optimum combination is determined and, thus, the
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made between the formulas used for estimation of scour
depth, and then the resulted data from analyzing differ-
ent models with different ratios of pier spacing to pier
width were investigated using BRI-STARS. Comparing
Froehlich and CSU relations reveal that the Froehlich
equation estimates the scour depth 11 percent more than
the CSU formula. Also, the Froehlich is more conserva-
tive due to the design criteria. The increasing of scour
depth in models with x/b<7 is negligible when the CSU
formula was applied, and in models with x/b < 8.5 when
the Froehlich formula was used. In order to select the
optimum location of a bridge with regard to the scour
condition, hydraulic parameters, such as free surface ele-
vation, Froude number, depth the averaged velocity and
bed erosion under the effect of pier location, were exam-
ined. Finally, by processing the resulted data, the best
diagram and equation for estimating increases in scour
depth, according to different pier spacing to width ratios,
were presented. Also, it was shown that when y/b<3.2,
the flow relative depth has an effect on scouring, but,
when the y/b became less than 2.75, the scouring was
not influenced by flow relative depth.

Key Words: Numerical simulation, scouring, bridge
piers, stream tubes, bri-stars software.
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Nowadays, in common structure analyses, dead and live
loads of all floors are applied instantaneously. In fact,

VEA

it is assumed that the structure does not bear any load
before the end of construction. This assumption could
be valid for lateral loads or the dead loads of subse-
quently installed components, but it is unsuitable for the
dead loads of the structural members and floor because
these types of loads are gradually applied to the previ-
ously constructed members during the progress of con-
struction, which depends on technology and construc-
tion planning. According to the sequence of construc-
tion, structural members are added to stages as the
building construction proceeds; therefore, their dead load
is carried by the part of the structure completed during
their installation stage. Hence, it is clear that the distri-
bution of displacements and stresses in the constructed
part of the structure at any stage does not depend on
the sizes, properties, or the presence of members com-
posing the remainder of the structure. In this procedure
the deformations of the lower stories are already taken
place under the self weight of their floors even before
the upper floors are built. Hereupon, in each stage of
construction, the newly- built members are installed on
the previously deformed members of the structure, and
the final deformation of structure is the cumulative out-
come of deformations in construction of each story until
the completion of the final stage of construction. Ignor-
ing the effect of sequence of construction may lead to
seriously incorrect analysis results, particularly at the
upper floors of the building. In this paper, the exact
method of sequential construction analysis has been in-
vestigated, and also the manual method of calculating
the elastic sequential analysis has been studied in or-
der to have the sufficient knowledge of how the soft-
ware works. To comprehend the necessity of sequen-
tial construction analysis, the outcomes are eventually
compared with the conventional analysis and simulation
methods of the real behavior of the structure, compat-
ible with the real construction schedule such as CFM
method. A 21-story steel structure has been chosen as
a case study to achieve the aforementioned purpose of
this paper.

Key Words: Staged sequential construction analysis,
conventional analysis, correction factor method - CFM, col-
umn shortening.
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the pile is more effective than the total length of the pile.
Based on the numerical results, effective parameters are
discussed and a formula for the lateral bearing capacity
of a fixed-head pile in sand is recommended.

Key Words: Fixed-head single piles, lateral bearing ca-
pacity, soil/ pile interaction, finite element analysis, Open
Sees PI.
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Construction projects, due to their size and complex-
ity and their unique and dynamic nature, makes them
impossible to model accurately. These attributes reveal
the enormous need in these projects for a proper method
of rigsk assessment. Furthermore, the main uncertainties
involved in these projects are resulted because of vague-
ness (e.g. in cost estimation, time estimation, etc.), so,
traditional methods used in the context of risk assess-
ment, which are mainly based on probability theory, are
not satisfactory for these projects. The aim of this paper
is to propose a methodology based on hierarchical fuzzy
rule based expert systems to assess the total risk of con-
struction projects and also rank the risks based on their
magnitude. For this purpose, a suitable hierarchical risk
breakdown structure (HRBS) for construction projects
is used to develop a formal frame for qualitative risk as-
sessment. The highest layer of HRBS is the total risk of
the project and the lowest layer consists of the factors
influencing each risk. Then, for relating the different lay-
ers of the HRBS and developing the expert fuzzy system,

a method is used to extract the fuzzy rules based on ex-
pert opinion. Finally, this fuzzy system is programmed.
The efficiency of the proposed model has been analyzed
for assessing risks of a construction project in Tehran.
Risk assessment in this case study has been undertaken
from the client, contractor and consultant points of view,
separately, and also after aggregation of their opinions.
The results show that the presented methodology can
be used to assess risks related to cost, time, quality and
safety in construction projects.

Key Words: Risk assessment, construction projects, hi-
erarchical structure, risk breakdown, fuzzy expert systems,
fuzzy rules.
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The scour of bridge piers is one of the most important
factors affecting the stability of bridges constructed over
rivers. Many studies have been conducted to evaluate
the depth and intensity of scouring around bridge piers.
Due to the complexity of this phenomenon, most exist-
ing formula cannot estimate the scour depth with rea-
sonable precision. In this paper, regarding the impor-
tance of scouring in bridge design, a comparison was
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and also difficult to interpret, in spite of their high ac-
curacy in seismic response estimation of the structures,
they cannot be used in everyday engineering work. In
contrast to dynamic procedures, pushover methods are
simple, practical and easy to understand. Based on
these facts, pushover methods have been the main sub-
ject of much research conducted during recent years.
As an introduction to performance-based structural de-
sign, ATC-40 and FEMA-356 have introduced the ca-
pacity spectrum method (CSM) and the displacement
coefficient method (DCM), respectively. Since, in these
methods, the lateral force distribution is assumed to be
constant and is calculated based on the fundamental
vibration mode of the elastic structure, they can pro-
vide accurate seismic demand estimates only for low and
medium-rise buildings, where the contribution of higher
modes in seismic responses is negligible. In order to im-
prove the capability of these conventional procedures,
different methods have been presented by researchers.
Following these efforts, in the present study, an inno-
vative adaptive pushover analysis considering torsional
effects (APAT) has been developed. APAT is a single
stage procedure which uses an equivalent adaptive load
pattern. In order to consider the effects of higher modes,
especially rotational modes in 3D structures with notice-
able torsional effects, and due to the known drawbacks
in common combination methods, such as square root
of the sum of the squares (SRSS), herein, an effective
modal mass combination (EMMC) rule for multi-story
buildings is used. In the EMMC method, load vec-
tors are combined based on determined coefficients for
each mode. These coefficients are defined using effective
modal mass proportions. The equivalent load pattern
in the present study is obtained through a combination
of different modal shapes based on the EMMC rule. In
order to capture the torsional effect, a three dimensional
energy-based formulation is used which transforms the
MDOF structure to an equivalent SDOF model. In the
three dimensional energy based formulation, work un-
dertaken by both translational and rotational forces is
taken into account. The accuracy of the proposed pro-
cedure is evaluated for a series of asymmetric structures.
The parametric study shows that the proposed method
could predict seismic responses precisely, even in struc-
tures with significant torsional effects.

Key Words: Nonlinear static analysis, pushover, tor-
sion, asymmetric plan building, seismic analysis.
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Piles are used extensively to resist lateral load from earth
pressure, inclined load, wind, waves, earthquakes, etc.
The behavior of piles subjected to lateral loads is gov-
erned by interaction between the pile and the soil, and
it is a non-linear, three-dimensional soil-structure inter-
action problem. Pile properties, including pile stiffness
and geometry, and soil properties, i.e., unit weight, stiff-
ness, friction angle, cohesion and the pile/soil interface,
play important roles in the response of piles subjected
to lateral loads.

Existing methods for the analysis of laterally loaded sin-
gle piles can be generally classified into the following five
categories: (1) the limit state method; (2) the subgrade
reaction method; (3) the p-y method; (4) the elasticity
method; and (5) the finite element method. However,
the effect of fundamental soil properties (e.g., strength,
stiffness, and volume change characteristics) on the re-
sponse of pile and soil cannot be appropriately addressed
in these methods. Thus, an investigation into the effects
of fundamental pile and soil properties on the soil re-
sponse of a pile subjected to lateral load is necessary
and helpful in improving insight into the soil/structure
interaction problem for a laterally loaded pile.

A fundamental study into the soil/ pile interaction re-
sponse of fixed-head piles subjected to static lateral loads
in sands is conducted using the non-linear finite element
approach. The effects of pile properties, i.e., length and
diameter, and soil properties, i.e., the horizontal coeffi-
cient of earth pressure, unit weight and stiffness, on the
pile response of a pile subjected to lateral load, are also
investigated.

In the numerical model, the pile was treated as a lin-
ear elastic material and the soil was idealized using the
multi-yield-surface plasticity model with a non-associated
flow rule. The improvement in pile lateral load was
found to be strongly dependent on the pile diameter,
soil friction angle, and relative density of the sand. It
was also found that the effective embedment length of
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Masonry arch bridges are among important and old
bridges in the Iranian railway network. Retrofitting
and renovation of these bridges are important, not only
due to their vital role in the national railway network,
but also as most of them are highly valued from an archi-
tectural as well as cultural and historical point of view.
In this paper, an external reinforcing method for strength-
ening masonry arch bridges is presented and particularly
examined for Ghaflankooh Bridge, located at kilometer
427 of the Tehran -Tabriz railway. A 3D finite element
model of the bridge developed using SAP2000-v14 soft-
ware. Using this model the proper retrofitting plan is
determined. In addition the influence of the ratio of the
elastic modulus of masonry materials to filled materials
on the internal stresses over the bridge body is investi-
gated. The results shows that by increasing this ratio,
the stresses increased over the external surface of the
arch and as a results a proper retrofitting scheme can be
achieved using lesser materials and lower costs.

Key Words: Strengthening, external reinforcement,
railway, masonry arch bridge, elastic modulus.
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In many large magnitude earthquakes, the causative fault
propagates all the way up through the soil and inter-
acts with surface structures. Over the last four decades,
earthquake engineering research and practice have em-
phasized the dynamic response of soil and structural
systems to ground oscillations. Even so, recent strong
earthquakes (i.e. the 1999 Chi-Chi Taiwan earthquake

and the Landers 1992 California earthquake) have caused
major collapse to structures from surface fault ruptures.
Previous research has not concentrated on studying the
response of soil-structure systems to large displacements
induced by surface fault ruptures.

Although piles are usually used for protecting structures
by reducing total and differential settlements, they are
not an acceptable treatment in supporting structures
from surface fault rupture. Previous research has shown
that piles usually follow fault rupture deformation and
transfer it to the structure. Therefore, this behavior is
a reason for the unsuitable performance of a piles group
against fault rupture. In order to study the interaction
of the soil and the piles group during reverse fault rup-
ture carefully, in the first step, the propagation of fault
rupture in free field is modeled. For this purpose, a 2D
numerical model is verified by reduced-scale experiment
results. In the numerical models, a nonlinear finite ele-
ment method, using an elastoplastic constitutive model
with Mohr-Coulomb failure criterion and isotropic strain
softening characteristics, is used. For the main analysis,
the effects of the presence of a piles group on top of the
outcropping fault are simulated. The analysis results in-
dicate that the presence of the piles group slightly mod-
ifies the fault rupture path.

Key Words: Surface fault rupture, piled foundation,
reverse fault, finite element method.
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Development of performance-based structural design dur-
ing the last decade, has led to extensive research into
nonlinear static (pushover) procedures. Since nonlin-
ear dynamic methods are time consuming, impractical
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was obtained which only depends on net radiation and
temperature. The derived reference and water surface
energy balance (RWEB) model were applied to estimate
evaporation from the Doosti dam reservoir and was com-
pared with other conventional methods. To evaluate the
performance of the RWEB model, it was compared with
the BREB and the pan methods. According to the evalu-
ations, the RWEB results obtained for evaporation from
2011 to 2012 were satisfactory. The RMSD values for the
RWEB and pan methods were obtained as 1.02 and 1.7,
respectively. Therefore, the results indicate the good
performance of the RWEB method. The RWEB sensi-
tivity analysis showed that the model has the highest
sensitivity to air and reference surface temperature and
the least sensitivity to net radiation. Thus, evaporation
from the body of water can be estimated accurately by
precise measurements of air temperature and relatively
reasonable estimations of the other parameters (refer-
ence and water temperature and net radiation).

Key Words: Doosti dam reservoir, energy balance,
evaporation, reference surface.

DEVELOPMENT OF CDF, CFM AND
CFCM METHODS FOR DAMAGE
DETECTION IN THE MIDDLE OF
BRIDGE DECKS

S.A. Tabaei

seyedali.tabaei@modares.ac.ir

F. Daneshjoo(corresponding author)
danesh_fa@modares.ac.ir

Dept. of Environmental and Civil Engineering
Tarbiat Modares University

Sharif Civil Engineering Journal
Volume 32, Issue 4.1, Page 11-21, Original Article

(© Sharif University of Technology

e Received 17 May 2014; received in revised form 11 May 2015;
accepted 26 May 2015.

Structural damage detection has gained increased at-
tention from the scientific community since unpredicted
major hazards, most with human losses, have been re-
ported. Aircraft crashes and catastrophic bridge fail-
ure are some examples. Security and economic aspects
are important motivations for increasing research into
structural health monitoring. Since damage alters the
dynamic characteristics of a structure, namely, its Eigen
properties (natural frequencies and modes of vibration),
several techniques based on experimental modal anal-
ysis have been developed in recent years. In this ar-
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ticle, a new method, based on developing the curva-
ture damage factor method (CDF), change in {lexibil-
ity method (CFM) and change in flexibility curvature
method (CFCM) is presented. For this purpose, the
three span Bozorgmehr Bridge, located in Esfahan, Iran,
and a five-span bridge previously designed by an ex-
pert are used. The numerical model of the Bozorgmehr
Bridge is verified by comparing the five primary natu-
ral frequencies with those obtained from experimental
testing. In applying these methods, the mode shapes
and natural frequencies of the damaged and undamaged
bridges, are used. Damage is created on an element lo-
cated in the middle of the deck. The four levels of dam-
age considered are 15%, 30%, 70% and 90% reduction in
the module of elasticity. It is shown that if mode shapes,
as previously are simply extracted from one longitudinal
section, the methods cannot always detect the damaged
cross sections or the damaged longitudinal sections. But,
if as shown in this article, the mode shapes are obtained
from several longitudinal sections, these methods will
be able to assess the damaged cross sections as well as
the damaged longitudinal sections. It is also concluded
that, when using the CDF method, the maximum con-
tent of CDF calculated for cross sections on itself cannot
always show the damage locations. and it is necessary
to consider the changes in value of CDF for several lon-
gitudinal sections too and, then, decide about damage
locations.
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Evaporation from bodies of water, like lakes and reser-
voirs among other natural evaporating surfaces like
canopies and wet soils, constitutes a significant source
of water loss affecting global water balance and energy
exchange between land and atmosphere. Hence, formu-
lating lake evaporation rates has been of great interest
for many years and is definitely a challenge due to its
complicated nature. Evaporation from lakes and reser-
voirs in Iran is commonly estimated using pan evapo-
ration, which is well known to have significant uncer-
tainty both in magnitude and timing. Reservoir oper-
ation and development of a new storage and water ac-
counting strategies require more accurate evaporation
estimates, especially for drinking water in arid condi-
tions. In this study, an attempt has been made to es-
timate evaporation from a body of water using a new
approach based on an energy balance model. For this
purpose, a new energy balance method for two surfaces
was established using water (evaporating surface) and
bare soil (non-evaporating surface) as references. Con-
sidering similar conditions for two surfaces, an identi-
cal aerodynamic resistance ratio was assumed for both.
With this assumption, a new form of energy balance
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