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hcreases the PPV. However, increase in the modulus of
elasticity, damping ratio and soil unit weight, decreases
the PPV. Also, scrutiny of PPV occurrence time shows
that by variation of the in
uencing parameters, except
the modulus of elasticity, this time is almost constant.

Key Words: Pile-driving, ground vibration, pick particle
velocity (PPV), Plaxis2D.
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Abstract
When a structure is hit by an earthquake, a tremen-
dous amount of seismic energy released by the earth-
quake is injected into the structure as ground motion.
The structure is also subjected to reverse loads, which
cause severe deterioration of the concrete. To release

seismic energy, the structure should be damaged in such
a way that, on the one hand, the collapse of the struc-
ture should not occur, and, on the other hand, after
the earthquake, the damage should be economically fea-
sible to repair. One of the drawbacks associated with
�ber reinforced concrete (FRC) is that the addition of
�bers to a traditional concrete mix at high �ber con-
tent can result in workability problems. The combined
use of Self-Compacting Concrete (SCC) and �bers can
solve this problem and facilitate placement for a wider
range of structural applications. SCC is a new class of
high performance concrete that can spread readily into
place under its own weight and �ll restricted sections, as
well as congested reinforcement structures, without the
need of mechanical consolidation and without undergo-
ing any signi�cant separation of material constituents.
Although several studies have been conducted on the be-
haviour of FRC beams subjected to monotonic loading,
there is limited research on the behaviour of FRC beams
under cyclic loading. This paper presents the results
of an experimental study conducted on 18 FRC beam
specimens tested under cyclic and monotonic loading.
The main objective of this research is to investigate the
e�ect of �bers on structural element (beam) behavior.
Steel �ber and PolyPhenylene Sul�de (PPS) were used
in this work. The content of �ber was 0.1, 0.2, 0.3 and
0.4 of volume, and concrete without �ber is considered
as a reference. The results show that adding �ber in-
creases dissipated energy and bearing capacity and also
reduces crack width. A comparison of two types of �ber
in this study show that concrete containing steel �ber
has a higher amount of cumulative dissipated energy,
and higher strength than the corresponding amount in
concrete containing PPS �ber.

Key Words: Self compacting concrete, �bers, cumu-
lative dissipated energy, load bearing capacity, mechanical
properties, cyclic loading.
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Abstract
The strengthening of o�shore platforms and structures
placed under di�erent environmental conditions are im-
portant cases in civil engineering. The use of FRP (Fiber
Reinforced Polymer) to strengthen existing steel struc-
tures and o�shore platforms has become an e�ective
technique. Because the elastic modulus of FRP is close
to, or higher than, steel, it has proven to be increas-
ingly favorable for the repair and rehabilitation of the
mentioned structures. Despite the evident advantages
of FRPs over traditional materials, the greatest impedi-
ment to worldwide utilization is represented by the lim-
ited knowledge of composite behavior of systems under
extreme conditions, such as freeze-thaw or wet-dry. Ex-
posure to extreme environmental conditions will reduce
bonding strength and also the durability between CFRP
and steel.
In some countries, due to seasonal changes, multiple cy-
cles of freezing and thawing e�ect the service life of o�-
shore structures. This paper discusses the mechanical
performance of the environmental durability of the bond
of FRP to steel surfaces. In order to investigate this as-
pect, two series of specimens with di�erent numbers of
plies of FRP have been prepared for two conditions; 60,
120 wet and dry cycles for the �rst specimens and 170,
210 freeze-thaw cycles for the second series.
The experimental results present bond strength and sti�-
ness, and the failure mode and deformation of strength-
ened steel elements. It was shown that when specimens
were exposed to freeze-thaw conditions, the lower load
was carried and, so, this condition is more extreme for
the service life of these types of structure. The experi-
mental results also indicate that the ply number on FRP
has a low in
uence on the mechanical properties of the
composite system. It is also observed that the failure
mode is when the adhesive interface and piling of FRP
from the surface occurred.

Key Words: Fiber reinforced polymer, steel, wetting
and drying, cyclic freezing and thawing, failure mode.
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Abstract
Pile-driving is a common method of foundation con-
struction where the soil is not strong enough to support
the load of the structure through conventional shallow
footing. This method is widely used in residential and in-
dustrial building, bridges, highways and etc. Along with
the bene�ts of using this method, pile driving is also a
source of negative environmental e�ects. Noise and air
pollution are the most commonly expressed concerns,
but, ground vibrations originating from the pile driv-
ing impact also have important adverse e�ects. They
can cause disturbances to adjacent structures and also
disrupt the operation of nearby sensitive equipment and
facilities. Permanent settlement, densi�cation and lique-
faction may also occur in the soil due to such vibrations.
A common factor for evaluating the amount of vibrations
is peak particle velocity (PPV), which is maximum ve-
locity that soil particles reach during the pile driving
process. PPV is the maximum velocity that a soil par-
ticle experiences during the driving of a pile from the
ground surface to the desired depth. Ground motion
due to pile driving generally depends on (1) the source
parameters (method of driving, energy released, and pile
depth), (2) the interaction between the driving machine,
the pile and the soil, and (3) the propagation of waves
through the soil.
In this article, a two-dimensional �nite element model
is validated using a case study of pile-driving data con-
ducted in the Chennai site in India. Then, by modeling
a pile in sandy soil with di�erent soil relative densities,
Poisson ratio, moduli of elasticity, Unit weight, friction
angle and damping ratio, the e�ects of these parameters
on vibrations of the ground surface, and peak particle ve-
locity on the surface, were studied. The results showed
that the increase in friction angle and Poisson ratio in-
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Moisture damage, sometimes called stripping, is the pro-
gressive deterioration of asphalt mixtures due to loss of
adhesion between the asphalt binder and the aggregate
surface and/or loss of cohesion within the binder due to
the in�ltration of water. Stripping usually begins in the
bottom of the HMA layer, then, travels upward. A typ-
ical situation is a gradual loss of strength over a period
of years, which causes rutting and shoving to develop
in the wheel path. Many times, stripping is di�cult to
identify, because surface indicators may take years to
show. This type of damage in Hot Mix Asphalt (HMA)
is a major cause of pavement failure in tropical regions.
There are many possible causes of stripping and inade-
quate surface drainage or sub-surface drainage is a pri-
mary contributor. There are many proposed remedial
actions to alleviate the stripping phenomena of asphalt
mixtures, such as using anti-stripping agents, lime slurry
with compatible aggregates and modi�ed binders.
This study aims to investigate the feasibility of using
E.A.F steel slag aggregate in HMA mixtures to reduce
their stripping phenomena.
Steel slag is a byproduct that makes 15 to 20% of the
iron-processing product in an integrated steel mill. Ev-
ery year, signi�cant quantities of steel slag are produced
as a by-product of steel industries in Iran. Although
it can be used as an arti�cial source of aggregates in
the pavement industry, it is disposed for land�lls. In
this research, the chemical and physical properties of
the steel slag were evaluated �rst. Then, 50% and 100%
of the limestone, as �ne, coarse and total aggregate in
the asphalt mixture was replaced by EAF, and the mois-
ture sensitivity of the mixes was evaluated. The results
showed that the use of steel slag as the coarse portion of
the aggregates will enhance Marshall stability, resilient
modulus, tensile strength and resistance to the moisture
damage of HMA mixtures.

Key Words: Steel slag, moisture sensitivity, ITS, re-
silient modulus.
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Abstract
For centuries, mathematicians have used recurrence re-
lations, such as the famous Fibonacci recurrence se-
quence, and their produced functions for solving math-
ematics problems. The Fibonacci sequence is named af-
ter Leonardo of Pisa, who was also known as Fibonacci.
The Fibonacci sequence is a set of numbers that start
with a one or a zero, followed by a one, and proceeds
based on the rule that each number is equal to the sum
of the preceding two numbers. Unfortunately, this amaz-
ing aspect of mathematics has not been considered in the
analysis of structures. This article is, therefore, partic-
ularly focused on using recurrence relations as an inno-
vative method in the analysis of structures.
In this research, �rst, a continuous multi span beam with
equal lengths under end, �xed end and sliding end condi-
tions is considered subjected to a concentrated bending
moment at the beginning of the beam. Then, the func-
tion of the support moments is calculated and moments
are obtained. In this regard, one - and two- story frames
with equal span lengths have been considered in order
to present the applied procedure. Accordingly, torsional
springs have been used instead of columns, ignoring their
axial sti�ness. The bending moments are then computed
again at the connection of the beam and column using
recurrence relations.
Analyzing the sub-frame by this method is one of the
products of using recurrence sequences for approximate
analysis of the frames subjected to gravity loads.
Finally, the e�ect of shear deformations has been con-
sidered for continuous multi span beams with equal span
lengths and the structure is analyzed again. In all above
mentioned cases, the structures have been analyzed by
software as well. The results obtained from analyzing
the structures using recurrence sequences are strongly
in accordance with those using software.
This article shows that the distribution of internal forces
follow recurrence sequences in structures, like many other
proportions seen in natural phenomena, such as the ar-
rangement of leaves in plants.

Key Words: Linear recurrence relation; torsional sti�-
ness; support conditions; carry-over-factor.
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SERVICE CONDITIONS

140



A
bs

tr
ac

ts
of

P
ap

er
s

in
E

ng
lis

h and after earthquakes, will present a desired level of per-
formance. New seismic regulations, such as FEMA 356
and the Iranian Seismic Rehabilitation Guideline, use
a performance-based design method; nonlinear analysis
methods are the main tools of these codes. Also, the
main objective of this research is to evaluate the seis-
mic performance of buildings, with di�erent importance
levels, designed according to the Iranian Seismic Code,
using the Iranian Seismic Rehabilitation Guideline.
In this research, a set of structures, with di�erent cate-
gories of occupancy and di�erent numbers of stories, are
designed according to the Iranian Seismic Code. The
seismic performance levels of the mentioned structures
are evaluated using nonlinear static analysis (pushover),
based on the Iranian Seismic Rehabilitation Guideline.
The results show that the low- and medium-rise build-
ings behave to a life safety (LS) performance level. In
high-rise buildings, with medium importance, the re-
quired performance level (LS) is not achieved, and in
very high importance (essential) buildings, the required
performance level (IO) is not achieved. Therefore, in-
creasing the importance factor, I, does not necessarily
lead to improvement in performance levels, but leads to
an increase in structural weight; this could be a non-
economic decision. By using non-linear analysis in parts
of the structure, in which performance level is not met,
the structure would be strengthened and achieve the re-
quired level of performance.

Key Words: Importance factor, performance level, non-
linear static analysis, inelastic behavior.
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Abstract
When soil beneath a foundation is weak and cannot bear
applied loads, an appropriate method of soil improve-

ment is essential. In cases where weak soil is improved
by a replacing method, the improvement depth, due to
the stress distribution pattern, is of great importance.
However, in some cases, it is very di�cult or too ex-
pensive to provide enough improvement depth. Hence,
additional bearing capacity or other improvement meth-
ods are required. Using a geogrid to reinforce soil is an
e�ective alternative way to improve the bearing capacity
more e�ectively and economically.
In this paper, the e�ect of replacing a loose layer by
a dense one on the bearing capacity and settlement of
a strip footing has initially been investigated. Then,
the in
uence of a geogrid layer placed on the interface
of loose and dense layers is analyzed and investigated
using �nite di�erence FLAC � software. The numerical
model is veri�ed and calibrated using experimental data
from a physical model developed in the Soil Laboratory
of Amirkabir University.
Analyses results show that increasing the depth of com-
pacted soil layer by more than ��� times the width
of the foundation, does not have a considerable e�ect
on the ultimate bearing capacity of strip footings, and
only settlements will decrease. Using a geogrid layer be-
tween loose and compacted soil will improve the bearing
capacity greatly, for a modi�ed depth less than ���
times the width of the foundation 'The most e�cient
improvement in this method is when the geogrid layer
is placed on the boundary of loose and dense layers at a
depth of ���� the foundation width. The e�ciency of
reinforcement is reduced by increasing the improvement
depth. Using a reinforced layer with a width of less than
�� times the foundation width is not recommended.

Key Words: Bearing capacity, strip footing, improve-
ment, reinforced soil, geogrid.
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Abstract
In recent years, nonlinear static analysis (pushover)
has been rapidly developed. Simplicity, speed and ease
of interpretation of results are some advantages of
this method, rather than the nonlinear dynamic anal-
ysis procedure, as the most accurate method for seismic
analysis. Target displacement or performance point is
a fundamental component of each nonlinear static anal-
ysis, where displacements and stresses of structures are
evaluated. The N2 method is a well-known procedure
for determination of the performance point, by which,
target displacement is determined through intersecting
the capacity curve and corresponding inelastic response
spectrum, using a trial and error method. In this proce-
dure, determination of the inelastic response spectrum
is an important problem.
To achieve an easy and quick analysis in the seismic
design of structures, using the concept of a spectrum
is common. A response spectrum is a simple plot of
the peak or steady-state response (displacement, veloc-
ity or acceleration) of a series of SDOF systems with
various natural frequencies that are forced into motion
by the same base vibration. This concept fairly esti-
mates the characteristics of ground motion and maxi-
mum amounts of displacement, velocity and acceleration
due to an earthquake. Since, in severe ground motions,
structures experience deformations beyond the elastic
range, the inelastic spectrum is utilized to account for
the inelastic behavior. The shape and magnitude of in-

elastic response spectra are dependent on the period and
damping characteristics of the structure, the hysteresis
behavior of used material and some seismic parameters,
such as soil condition, earthquake magnitude and epi-
center distance.
In this paper, with regard to existing equations for de-
termination of the inelastic response spectrum, a combi-
natory approximate method, based on soil condition and
the ductility ratio period of the structure, is developed,
by which the inelastic response spectrum is estimated
using the elastic design response spectrum. Using this
inelastic response spectrum, the target displacement of
regular systems is estimated with admirable accuracy.

Key Words: Target displacement, inelastic response
spectrum, site conditions, ductility ratio, N2 method.

SEISMIC PERFORMANCE OF STEEL
MOMENT FRAMES BASED ON
THEIR IMPORTANCE ACCORDING
TO THE IRANIAN SEISMIC CODE
A. Massumi(corresponding author)
massumi@khu.ac.ir
Dept. of Civil Engineering
Kharazmi University
N. Sarlak
sahar n sarlak@yahoo.com
Dept. of Civil Engineering
Mazandaran University of Science and
Technology

Sharif Civil Engineering Journal
Volume 31, Issue 4.1, Page 71-81, Original Article

c
 Sharif University of Technology

� Received 6 October 2013; received in revised form 12 January
2014; accepted 26 February 2014.

Abstract
The current Iranian Seismic Code, for seismic loading
and analysis of structures, (Standard no. 2800) consid-
ers linear elastic analysis to be adequate for structural
and seismic response prediction for a majority of struc-
tures. In this regulation, an importance factor, I, is con-
sidered to improve the performance of buildings based on
their importance. Linear analysis is inadequate for ob-
serving structural performance during earthquakes, be-
cause proper seismic behavior and the stability of struc-
tures are not just governed by strength; structures need
to resist determined amounts of force and should be able
to displace determined amounts of displacements. On
this basis, it is expected that by using importance factor,
I, in linear analysis, the structures will behave properly,
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Abstract
Claims are becoming more popular as a way to sur-
vive and, indeed, an integral part of modern contracts,
i.e. for non-industrial design and building contracts. It
should be considered that although the probability of
claim incidences cannot be eliminated in any project,
their occurrence in special projects with any contract
can be prevented by identifying them. As most claims
are propounded by contractors, the authors of this re-
search found 250 cases of claims in projects in Iran of-
fered by design and building contractors (including the
contractor and their advisor) in non-industrial design
and building contracts. They were discovered through
studying diverse references and interviewing experts,
and studying documents related to real claims of several
projects implemented in non-industrial design and build-
ing methods in Iran. In this process, at �rst, the occur-
rence of the Algorithm of Legal-Contractual claims was
codi�ed by content analysis, and then a closed question-
naire, including the frequency of occurrence and sever-
ity of di�erent kinds of legal-contractual claim in non-
industrial design and building contracts, was distributed
among experts in the �eld, and the results were accu-
rately analyzed by the authors. These questionnaires
aimed to study the frequency of occurrence and sever-
ity of claims, and, based on the rate of transparency
of existing claims in non-industrial design and building
contracts, were categorized in 12 rows, 4 parts, and 2
groups of legal-contractual claims. Understanding and
cognizance of these claims can be useful in predicting
future claims and in minimizing their e�ects on similar
future non industrial design and building projects. Of-
fering a categorization of claims of non-industrial design
and building projects in Iran, from the perspective of
the degree of ambiguity and transparency, and codi�ca-
tion of the chart of rate of transparency, frequency of
occurrence and severity of claim, is a key �nding of this
research.

Key Words: Legal-contractual claims, algorithm, non-
industrial DB projects, occurrence rate, severity of claim,
degree of transparency of claims.
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Abstract
The special concentrically braced frame (SCBF) is a
common type of steel structural system for resisting lat-
eral loading. This type of system provides the required
sti�ness and strength at relatively low cost. Design
codes, based on past research, have recommended some
details for connections and braces, in order to ensure suf-
�cient ductility and energy dissipation capacity in this
system for their application in seismic design. In this
paper, the behavior of four SCBF specimens with di�er-
ent details of connections is studied using experimental
and numerical models. They are single story single bay
sub-assemblages of frames with a single brace that are
subjected to lateral cyclic loads. In the �rst specimen,
a 2tp straight line clearance at the end of the brace was
observed, but, in the second specimen, an 8tp elliptical
clearance was provided. In the third and fourth spec-
imens, sti�eners were installed to provide enough sti�-
ness for gusset plates, so that they can act as �xed ends
for braces. The dimensions of the gusset plates in these
specimens were naturally di�erent. Measures such as
sti�ness, strength, ductility, energy dissipation capacity
and equivalent plastic strain are used to compare the
behavior of specimens in experiments and �nite element
analysis. The results show that all specimens satisfy
code expectations with regard to seismic performance.
For unsti�ened gusset plates, the accumulation of plas-
tic strain at the corners of the gusset plates and in the
middle of the brace results in crack initiation and frac-
ture in specimens in the �nal stages of cyclic loading. In
sti�ened specimens, although gussets are smaller, plastic
hinges are formed in the middle and at the end of the
brace element, but �nal cracking and fracture occurs in
the middle of the element. In these specimens, higher
buckling resistance and lower out of plane displacement
of braces are observed.

Key Words: Special concentrically steel braced frame,
gusset plate, dissipated energy capacity, ductility, sti�ener.
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hmetallic gripping device is �xed on top of this partial
core by fastening its side bolts, and torsional moment
is applied to the partial core via this gripping device
by hand. The applied torsional moment is gradually in-
creased until the partial core is failed, and the maximum
(failure) torsional moment is recorded. Using the exist-
ing calibration graphs, the ultimate (failure) torsion is
converted to the compressive strength of the concrete
tested. The results show that the weight of the con-
crete situated above any level has a positive e�ect on
the strength of the concrete at that level. In addition to
the comparison of the obtained results with the respec-
tive results of ordinary concrete, the e�ect of changes
in the �llers, segregation and aggregate grading, on the
strength of self-compacting concrete, is also studied.

Key Words: Self-compacting concrete, concrete weight,
strength, column, 
y-ash, friction transfer.
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Abstract
Construction is a dangerous and risky industry with a
high accident rate. Safety, therefore, is deemed to be an
important issue, and various agencies endeavor to con-
trol accidents through di�erent approaches. Contractors
procure worker compensation insurance to transfer these

risks to insurance companies, but, as the safety manage-
ment performance decreases, the risk of insuring this site
for the insurance companies increases. Therefore, giv-
ing a score to the safety management performance in a
construction site will help insurance companies to quote
optimal premiums. If a contractor's real-time safety
management system is robust, the contractor will get a
cost-e�ective insurance cover, which will enable the con-
tractor to compete better in tenders. Those contractors
who do not have robust safety management systems in
place will be penalized by higher premiums. Meanwhile,
this approach will automatically set risky contractors
aside and motivate contractors to invest in safety mea-
sures in their organizations. In this research, by con-
sidering the safety climate, personal experience factors,
studying the literature and consulting with experts, the
main factors e�ecting safety in the construction sites of
Iran were recognized. Since all of these factors are lin-
guistics, a fuzzy expert system was proposed for scoring
their safety management performance. The parameters
of the designed expert system, including Yager's t-norm,
Yager's s-norm, Yager's complement, Yager's inference
engine and Yager's defuzzi�cation parameters, were op-
timized by genetic algorithms. The performance of the
proposed fuzzy expert system for scoring the safety man-
agement performance in the construction sites of Iran
was tested using the mean squared error (MSE) method.
This method was utilized to quantify the di�erence be-
tween values implied by the designed fuzzy expert sys-
tem and the true values of the quantity being estimated.
Testing results validate the e�ectiveness of the designed
fuzzy expert system for scoring the safety management
performance in construction sites of Iran.

Key Words: Fuzzy expert system, genetic algorithms,
safety management performance in sites, safety climate,
personal experience.
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h parison of obtained results in this study with results of
2D analysis, the reliability of 2D models, in order to eval-
uate lining loads, is investigated. The comparisons show
that 3D analysis is superior to 2D analysis, particularly
in the presence of surface buildings. The di�erence be-
tween results increases with a decrease in building length
and an increase in tunnel depth and building weight.

Key Words: Numerical modeling, mechanized tunnel-
ing, lining loads, surface buildings, ground strati�cation,
ABAQUS.
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Abstract
This paper aims to compare the behavior and design
limit parameters of rammed aggregate piers (RAPs) and
of cast-in-place drilled concrete piers (CPs) under in situ
uplift loading. Usually, RAPs and CPs are two new and
common systems for strengthening foundations against
uplift loads used in buildings with braced frames. In
this research project, two groups of small scale RAPs
and CPs were constructed and tested on site. The sin-
gle piers had a �xed diameter of 135 mm and variable
lengths of 300, 550, 650 and 850 mm. The test site was
the Bushehr Special Economic Zone, where the testing
area was made up of a uniform layer of moist silt; 1.2 me-
ters thick and sti�. The trial piers were constructed and
loaded in a linear row at a safe distance from each other.
For uplift loading, a mobile reaction beam system, made
up of a heavy cart, modular rails and an uplift loaded
frame, was utilized. Results show that on average, the
measured load and pier de
ection at the design limit of
RAPs were 1.36 and 1.32 times the corresponding values
in CPs, respectively. The behavior of CPs was rigid at
various lengths. The behavior of RAPs with slenderness
ratios of less than 4 was similar to that of the CPs, and

the behavior of RAPs with slenderness ratios of higher
than 4 was ductile. There was better agreement between
the results of the calculated and measured uplift loads
in CPs than in RAPs. The sti�ness modulus of both
types of pier was the same at di�erent lengths under
uplift loads. In general, it seems that these technical
merits, including the fact that RAPs (unlike CPs) do
not need cement, has convinced engineers to use RAPs
under uplift loading and do more research in this area.

Key Words: Rammed aggregate piers, cast-in-place
drilled concrete piers, uplift load test, design limit load,
pier de
ection.
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Abstract
Despite the fact that self-compacting concrete has been
used for many years, until now, no-one has carried out
any research on the strengthening e�ect of the weight
of concrete at any level. For this reason, employing
concrete columns made out of di�erent mixes of self-
compacting concrete, a research is conducted. In or-
der to measure the concrete strength at any level, the
in-situ friction-transfer method was used. Having ex-
amined over 50 mix designs, nine mixes were proved to
be self-compacting concrete and, therefore, were used
for this investigation. In order to see the e�ect of the
weight of the concrete above the level considered, con-
crete columns were cast using self-compacting concrete
without giving any form of compaction. At speci�ed
ages, the hardened concrete columns were cut at 150 mm
height intervals. Using the Friction-transfer method, the
strengths of concrete at di�erent levels were obtained. In
the friction-transfer method, a 50 mm diameter partial
core is made using a diamond tipped coring drill. A
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Abstract
Urban development and increasing population growth
have been accompanied by a considerable growth in mech-
anized shield tunneling. Commonly, precast concrete

segments are used as a tunnel lining, which constitutes
the largest portion of tunneling costs. The optimum
design of lining that decreases tunneling costs requires
an accurate evaluation of loads acting on the lining. In
this paper, the e�ects of ground strati�cation and ge-
ometry, position and weight of the buildings on lining
loads are studied. For this purpose, a 3D �nite element
model is used employing ABAQUS software (Ver. 6.10).
The main construction aspects and all main elements of
the mechanized excavation are modeled: TBM shield,
concrete tunnel lining, support of excavation face, over-
excavation, tail gap grouting and progressive hardening
of the cement based grout. The geometry of the tun-
nel, lining segments, the injection grout and surround-
ing soil properties are adapted from the (under construc-
tion) Tabriz urban railway, line 2, project. The results
show that ground strati�cation and building properties
have a considerable e�ect on lining loads, and this e�ect
should be taken into consideration in the design. Based
on obtained results for the mentioned case study, surface
buildings with 5 and more storeys have a considerable ef-
fect on lining loads, especially for shallow tunnels. Also,
the geometry of surface buildings in
uences the internal
forces of the lining; increasing both building width and
length increases the lining loads. The building width is
the most important parameter of the tunnel and surface
building interaction; by increasing this parameter, the
in
uence of other parameters increases. Also, by com-

146


