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h cyclic loading. In this paper, in order to increase the
structural performance of concrete coupled shear walls,
a new and simple model of a steel coupling beam with
a diagonal web sti�ener is proposed, which can be used
instead of conventional steel coupling beams with stan-
dard or vertical sti�eners, designed based on the Iranian
code for steel structure design criteria. For validation
of the coupled wall sub-assemblage model in this study,
the �nite element results were veri�ed with experimental
results using Abaqus 6.10.1 software. Then, a numeri-
cal study was done and the results were compared with
the behavior of steel coupling beams with a standard
sti�ener. A collection of parametric studies on 30 mod-
els, with respect to two dimensionless parameters, under

cyclic loading, was carried out. These two parameters
were the web compactness ratio, i.e. ratio of height to
the web thickness of the beam, and the horizontal diago-
nal sti�ener angle. Analysis results show that a diagonal
web sti�ener is capable of increasing steel coupling beam
performance, in terms of sti�ness, strength, energy dissi-
pation and, in some cases, rotation capacity, which lead
to a decrease in the depth of the section. Furthermore,
to achieve optimum performance, some di�erent geomet-
rical conditions for diagonal sti�eners were investigated
and it was concluded that sti�eners should be installed
at a 30-degree angle from the horizontal.
Key Words: Steel coupling beam, shear wall, diagonal
sti�ener; cyclic loading, seismic response.
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hshowed that the larger mesh predicts scour depth bet-
ter. However, if the mesh becomes very large, because of
large errors in the developed ow depth, the scour depth
may be predicted wrongly. The maximum scour depth
in each three mesh analysis has been overestimated, but,
due to the complexity of scour phenomena and the large
number of parameter e�ects, its overestimation is ac-
ceptable. It was found that there is good quantitative
and qualitative agreement between the experimental re-
sults and results of this study.

Key Words: Scour, bridge abutment, CFD.
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Abstract
One of the most economical and fast ways in rehabili-
tation is the use of energy dissipaters in the format of
additional dampers. The friction damper is a common
damper used in a wide range of applications, due to its
dynamic behavior and manner of working. In this paper,
we will discuss the e�ects of the use of a mounted friction
damper at the junction of a chevron brace with a oor
beam. For this purpose, two frames were designed, a
bar frame and an equipped frame, which is of two types:
same and story shear ratio distributed. The most impor-
tant part of friction damper design is determination of
optimum slip load. So, frames equipped with a damper
in a domain of di�erent slip loads were analyzed using
Perform 3D. And the load with the least answer of the
structure was chosen as the optimum slip load of the
damper. After designing the damper, time history ana-
lyzed each of the bar frames and equipped frames. The
results of the analyses of the two frames, including ab-
solute displacement, story share, input, strain and dissi-

pated energy, axial force of columns, hinges and inelastic
performance levels, were compared.
The results show that the use of a damper in the same
distribution could reduce story displacement between
47.28 to 60.71 percent, and story shear ratio could re-
duce story displacement between 60.7 to 69.29 percent.
Furthermore brace shear force in the same distribution
reduces 28.7%, while, in shear ratio distribution, reduced
52.3%. All the absorbed energy is reduced and dissi-
pated energy is increased. Altogether, the shares of in-
put and strain energies in the bar frame in comparison
with the equipped frame are reduced. Because of the
nonlinear behavior transmission of structure members
to the dampers, the number of hinges is reduced nearly
to zero. In most cases, the equipped frames with safer
indices show higher levels of performance.

Key Words: steel frame, friction damper, FBP, chevron
brace, optimum slip load, performance levels.
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Abstract
The coupling of individual wall piers via steel coupling
beams has shown more lateral sti�ness and strength than
coupled shear wall systems with concrete beams. In
order to obtain the desired behavior of these systems,
the coupling beams must be su�ciently strong and sti�,
yield before the wall piers, behave in a ductile manner,
and exhibit signi�cant energy absorbing characteristics.
Therefore, the seismic response of coupled shear wall sys-
tems is strongly dependent on the hysteretic characteris-
tics of coupling beams, and the evolution of the behavior
of these beams is very important and necessary under
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Abstract
This study has introduced, described and compared the
performance of two popular integration methods for im-
plementing complicated equations of soil models. Gener-
ally speaking, all methods can be classi�ed into two cat-
egories of Explicit and Implicit approaches. Two famous
methods of the implicit approach, the Closest Point Pro-
jection Method (CPPM) and the Cutting Plane Method,
(CPM), which are de�ned under the framework of the
Return Mapping algorithm, are considered in this study.
Both the Cutting Plane Method and the Closest Point
Projection Method are employed in order to implement
an advanced critical two-surface model, published by
M.T. Manzari and Y.F. Dafalias, in 1997, for sand.
Since the CPPM and CPM methods are implicit, it has
a great advantage, as both sizes of steps remain stable.
A common weakness of both methods can handle the
complexity of numerical integration methods for other
types of integration method (explicit) named.
As a result, the current research con�rms that, as com-
plicated as the Closest Point Projection Method is, it
remains strongly stable in order to integrate equations
under conditions of large strain and displacement, such
as the liquefaction phenomenon. On the other hand,
compared with the Closest Point Projection Method, the
Cutting Plane Method is not only more precise and ac-
curate, but also much faster. Additionally, the Cutting
Plane Method bene�ts from an undeniable simplicity
against the Closest Point Projection Method. Somewhat
importantly, this study aims, by presentation of both the
strong and weak points of each method simultaneously,
to aid researchers in selecting a reasonable method, with

regard to special conditions and the limitations of each
problem.

Key Words: closest point projection, cutting plane,
explicit integration, implicit integration, plasticity model.

3�D SIMULATION OF SCOUR HOLE
AT VERTICAL-WALL BRIDGE
ABUTMENT
H. Hosseini(corresponding author)
hajar h26@yahoo.com
N. Hataf
nhataf@shirazu.ac.ir
N. Talebbeydokhti
taleb@shirazu.ac.ir
Department of Civil and Environmental
Engineering Shiraz University

Sharif Civil Engineering Journal
Volume 30, Issue 2, Page 117-124, Research Note

c Sharif University of Technology

� Received 24 April 2012; received in revised form 12 December
2012; accepted 20 April 2013.

Abstract
Scour at bridge abutments is one of the most prevalent
causes of bridge failure, which may result in tra�c dis-
turbance and even loss of life. Hence, predicting the
depth of a scour hole before bridge design and construc-
tion to prevent failure is essential. In this paper, using
a CFD model, scour at a vertical-wall bridge abutment
was simulated. The model has been used to solve a
three dimensional, transient, Navier-Stokes equation. A
nonlinear RNG turbulence model was used for model-
ing of the ow �eld near the abutment, where horseshoe
vortices are formed and turbulent ow is more domi-
nant. The sediment scour model uses two concentration
�elds: suspended sediment and packed sediment. The
suspended sediment advects and drifts with the uid,
due to the inuence of the local pressure gradient.
The packed sediment represents sediment that is bounded
by neighboring sediment particles, and eroded when it
becomes suspended sediment. Suspended sediment can
become packed sediment if uid conditions are such that
the sediment drifts towards the packed bed more quickly
than it is eroded away. According to the results, the
horse shoe vortices developed upstream of the abutment,
and wake vortices developed downstream of it, and neg-
ative velocities have been observed in laboratory results.
Mesh sensitivity analysis has been done to �nd the best
mesh for predicting ow and scour depth. The results

147



A
bs

tr
ac

ts
of

P
ap

er
s

in
E

ng
lis

hand which can be obtained based on probabilistic seis-
mic hazard analysis (PSHA). A common recordselection
practice suggests selecting seven records that are com-
patible with the dominant earthquake scenario in a given
site. The selected records are then scaled (if necessary)
to match the design level of the uniform hazard spectrum
(UHS). Many research results have shown that using the
UHS leads to a signi�cant bias in structural response as-
sessment. The conditional mean spectrum (CMS) has
been recently proposed as an alternative to the uni-
form hazard spectrum (UHS) for employment as a target
spectrum in ground motion record selection. The CMS
provides the expected response spectrum 'conditional
to the occurrence of a target spectral acceleration value
in the period of interest. The correlation of " values
in di�erent periods is considered in CMS development,
but conventional regression analysis has been applied to
measure the degree of correlation of " values in di�erent
periods, and the inuence of outlier data has not been
studied. Outliers are sample values that cause surprises
in relation to the majority of samples. The main objec-
tive of this paper is to reveal an important drawback in
the procedure for calculation of CMS. The authors be-
lieve that the developed procedure for CMS leads to a
spectral shaped anomaly that is not consistent enough
with real ground motion. A robust regression analysis
is proposed in this paper to improve the current CMS,
which is based on a conventional regression analysis. Ro-
bust regression is an important tool for analyzing data
that are contaminated with outliers. Robust regression
analysis works by assigning a weight to each data point.
Weighting is done \automatically and iteratively using
a process called" iteratively reweighted least squares.
The results show that the proposed robust CMS signi�-
cantly di�ers from the conventional CMS, especially for
higher periods of interest. The shape of the robust CMS
represents rare ground motion in a more reliable manner,
compared with conventional CMS.

Key Words: Conditional mean spectrum, uniform haz-
ard spectrum, robust regression' ground motion, hazard.
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Abstract
Numerical modeling of soil behavior is known as a new
method for predicting soil sample behavior under each
test, to reduce test costs used in the laboratory. Tri-
axial testing is one of the most common soil mechanics
tests to determine the shear strength parameters of soil.
Due to the excessive use of triaxial test results, numeri-
cal modeling is necessary to predict the behavior of soil
under triaxial testing.
This paper presents a numerical model to predict the
behavior of clayey sands under consolidated-undrained
triaxial testing. It is important to predict the relation-
ship between stress and strain to describe soil behav-
ior. The stress-strain curve of clayey sand soils during
consolidated-undrained triaxial testing has been simu-
lated using a �nite element model, based on the cam-clay
constitutive model.
A series of triaxial compression tests was carried out on
Firoozkooh sand with a di�erent percentage of clay (0-
15 percent) and di�erent relative densities. These tests
were carried out under two di�erent con�nement pres-
sures (100, 400 kPa); low and high. For the modeling of
these tests, a back analysis method is selected. In this
method, the results of triaxial tests under high con�ne-
ment pressures are used as the base data, and, based on
simulation results, the strength parameters are deter-
mined using back analysis. The cam-clay constitutive
model has several parameters to predict soil behavior.
These parameters are predicted using the back analysis
method and, so, soil behavior is predicted.
After this step, triaxial tests under low con�nement pres-
sures are simulated with suggested parameters, and the
results are compared with the same experimental results.
If there is no good agreement between results, the cycle
of modeling is restarted.
Finally, the numerical results are compared with exper-
imental results, which showed good agreement.
Moreover, the e�ect of clay on the behavior of sand is
also investigated and discussed. As a result of modeling,
the graphs of q-" (deviator stress-axial strain), u-" (pore
water pressure-axial strain) and q-p0 (stress path) are
obtained to predict the clayey sand behavior.

Key Words: Numerical modeling; stress; strain; triaxial
test (consolidated-undrained); clayey sand; back analysis.
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h bargaining process is then done between the client and
contractor to share the bene�ts.
The fuzzy inference system is used to determine the size
of the players' discount factor, based on the values of dif-
ferent inuencing factors. The size of the discount factor
plays an important role in the �nal results, and in reach-
ing an equitable agreement. The proposed approach
models the realistic behavior of contracting parties in
the risk allocation negotiation process, which is similar
to the players' behavior in a game, and determines a
desirable and equitable risk allocation strategy between
the client and contractor. To evaluate the performance
of the proposed method, it is employed in a pipeline
project, and a quantitative risk allocation is performed
for the ination risk, as one of the most important iden-
ti�ed risks.

Key Words: Quantitative risk allocation, fuzzy logic,
game theory, bargaining game theory.
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Abstract
Silty sands contain sulfates, which are the main con-
stituents of the central desert of Iran. Due to the pres-
ence of sulfates, a dilative behavior is observed. Also,
the uncon�ned compressive strength of this kind of soil
is negligible. These two mentioned reasons make it an
unsuitable construction material for roads. In order to
make it an applicable material in road construction, it
should be e�ectively stabilized. In this study, to investi-
gate the behavior of stabilized silty sands, two di�erent
additives, microsilis and lime, were added to the built
samples in di�erent percentages. Then, the uncon�ned
compressive strength (UCS) test, California bearing ra-
tio (CBR) and swelling test were conducted on the sta-

bilized samples. Furthermore, to truly study and inter-
pret the changes in the soil structure as a consequence
of stabilization, the SEM technique, scanning electron
microscope, was implemented.
The results obtained from the experimental study show
that adding microsilica microsilis and lime together to
the sulfate silty sand was conducive to causing a consid-
erable rise in the value of the CBR number. Moreover,
the swelling potential of the samples was decreased by
adding the additives, and actually decreased the swelling
of the samples. Nevertheless, adding 1% lime without
any amount of microsilis considerably increased their
swelling potential. In addition, the results conferred
from the scanning electron microscope emphasized that
by adding microsilica microsilis to the samples, crys-
talline textures will be made in the internal structure
of the samples. As an important result, the mixture of
1% microsilis-1% lime was shown to be the optimum ad-
ditive for usage in construction projects, and made the
samples show uncon�ned compressive strength 12 times
higher than the intact samples.

Key Words: Silty sand, soil stabilization, microsilis,
lime, CBR, uncon�ned compressive strength, swelling po-
tential.
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Abstract
The assessment of structural seismic response is often
done by selecting ground motion records that conform
to the seismic hazard conditions of the objective site,
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Abstract
Shell foundations are structures which derive their
strength from geometry rather than mass. This qual-
ity enables them to obtain maximum structural integrity
with a minimum consumption of construction materials.
The use of shells in the �eld of foundation engineering
has drawn considerable interest in di�erent parts of the
world. Shell foundations of di�erent shapes have been
investigated, on the structural and geotechnical side, at
the elastic stage. Because closed-form solutions are ex-
tremely complex, especially at ultimate and nonlinear
stages, the present investigation has resorted to numer-
ical analysis by the �nite element method, using the
ABAQUS analysis package. The conical shell is the sim-
plest form of shell that can be employed in foundation
engineering, due to its singly curved surface. Reinforced
concrete conical shell foundations have been taken up
for these studies.
There is close agreement between the analytical and test
results, and to show that, the results of the test con-
ducted on the elastic model of a conical shell footing
by Kurian (2006) have been represented in this paper
and compared with �nite element results. The behavior
of concrete, soil and bars has been studied in nonlin-
ear form for these kinds of shell foundation. The Mohr-
Coulomb plasticity model is used to model soils with the
classical Mohr-Coulomb yield criterion. The concrete
damaged plasticity model provided in ABAQUS is used
for the analysis of concrete. The results presented reveal
the general superiority of conical shell foundations. The
increasing settlement rate of a shell foundation increases
with increasing the load. This is because of the nonlinear
behavior of soil and concrete and the decrease in sti�ness
of these materials. Maximum settlement is shown under
the center of the shell foundation, beneath the load. The
settlement of the edge of the shell is less than at the cen-
ter of the shell. But, this di�erence is not so sensible,
because of the high sti�ness of shell foundations, and is
about 9% for the condition of this investigation. The
resistance of the system is increased by increasing the
angle of the cone wall.
This increase has an optimum angle, which is about 40
degrees. There is about 90% increase in bearing capacity
for the optimum angle of the reinforced concrete cone
shell foundation compared to its at counterpart.

Key Words: Conical shell foundation, �nite element
method, reinforced concrete, soil structure interaction.
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Abstract
Risk allocation is commonly de�ned by the owner through
tender documents. The clients commonly transfer the
responsibility of most of the risks to contractors. This
one-sided attitude regarding risk allocation, however,
probably has unfavorable e�ects on both client and con-
tractor costs.
This research presents a model based on the bargaining
game theory, in which the behavior of contracting par-
ties in quantitative risk allocation negotiation processes
is modeled. Bargaining is a situation in which players
have a common interest to cooperate, but have conicts
on how to cooperate exactly. The most important char-
acteristics of the theory are that the results are deter-
mined under perfect information, by rational players,
with positive discount rates, having a realistic bargain-
ing protocol, immediate settlement, and a unique equi-
librium with no time loss. In order to perform the quan-
titative risk allocation, the client and contractor costs
(payo�s) are determined at di�erent percentages of risk
allocation. Having determined the client and contractor
payo�s, the common interval between the players' ac-
ceptable risk allocation percentage is determined. The
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Abstract
In this paper, some material and geometrical nonlinear
e�ects, and methods of second order nonlinear advanced
analysis are investigated. Numerical methods are used
to investigate the e�ect of replacing concentric braces
on steel frame performance. Three, six, ten and twenty
story 2D frames with eight di�erent arrays of braces and
four loadings are analyzed.
ANSYS �nite element software was utilized to per-
form second order nonlinear analysis and Lateral
Load-Displacement curves were drawn. Curves linear
regression was calculated to de�ne new lateral sti�ness
showing the frames performance. The method used in
this investigation is plastic region second-order nonlin-
ear analysis and is applied to structural system analysis,
based on the modi�ed �nite element method.
The plastic-elastic hinge model refers to the simplest
analysis. By comparison, the plastic-elastic region model
illustrates the most reformations. The plastic region
analysis method models plastic development in the whole
structure. This method is performed in two ways. The
�rst one is lattice, using �nite element, and the second
is based on the Beam-Column theory. The second order

nonlinear analysis used in this paper enumerated plas-
tic region advanced analysis, and includes nonlinearity
in geometry and material, like second order e�ects (P-
$ and P-�), redistribution of internal loads, because
of plastic region formation, lateral sti�ness degradation,
based on steel yielding, and shear deformations. To ap-
ply all the mentioned factors in the analysis, many meth-
ods and codes were suggested by other authors. For ex-
ample, the AISC-LRFD code applies an e�ective length
factor, enhancement factor and interaction design term
of the mentioned factors in analysis and design. The
reason is because of the low quality of computers when
codes were originally established. Second order non-
linear advanced analysis could apply all the mentioned
terms in the design procedure directly.
This method assimilates analysis and design, so, design-
ers do not need di�erent codes. It is hoped that these
methods will be used as a common structural analy-
sis/design method by developing computers. Each anal-
ysis that could determine the strength and stability of
structural systems and isolated members in such a way
that does not need to control isolated members capacity
and the de�nition of e�ective length coe�cient is enu-
merated as advanced analysis. This method gives much
information to designers about the behavior of struc-
tures exposed to external loads and environmental con-
ditions. In this investigation, a BEAM element was uti-
lized to model structures. Results show that applying
the method used in ANSYS could determine the frame
ultimate loading coe�cient of \Vogel Frame" by 3 per-
cent tolerance, compared to the plastic region analysis
method and plastic hinge analysis. Performing about
eighty analyses denoted that changing bracing arrays
could increase or decrease ultimate strength, ultimate
displacement and lateral sti�ness multiple times. To in-
crease the ultimate strength coe�cient, the best option
is using an X-brace frame. Furthermore, applying diag-
onal bracing in o� side spans could decline the lateral
displacement of the structure. Frames without a bracing
system and with Chevron and eccentric bracing systems
demonstrate the most nonlinearity.

Key Words: Brace, nonlinear geometric, nonlinear ma-
terial, second-order e�ects, inelastic e�ects, ANSYS.
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The uncertainty inherited in the behavior of a structure
could cause signi�cant di�erences between the results
of the analytical model and the actual behavior of the
structure. The probabilistic characteristics of the ma-
terial, errors in the construction, and the uncertainty
of the seismic loads could account for major causes of
discrepancy between analytical results and the actual
response of the structure. In this regard, inevitable un-
certainties in the behavior of the system should be rec-
ognized and the probability of the failure of the struc-
ture should be calculated for the desired level of perfor-
mance. The availability of sophisticated computational
tools provides the engineering society with the opportu-
nity of estimating the performance of structures by com-
puting the probability of occurrence for a speci�c state
in the structure. Simulation techniques, such as Monte
Carlo simulation, are e�cient and promising computa-
tional methods in the context of reliability analyses to
obtain the required knowledge about the probabilistic
behavior of structural systems. In this paper, the e�ect
of the tuned mass damper (TMD) on the performance of
steel moment-resisting frames has been studied using the
Monte Carlo simulation technique. The failure probabil-
ity for the stories of the structure has been calculated,
based on the relative displacement of each story. The
capacity and sti�ness of the structural elements have
been modeled through the probabilistic �ber-discretized
sections for each element. Also, the probabilistic e�ect
of seismic loading has been taken into account, by gen-
erating records with fully stochastic characteristics in
the time and frequency domain. The uncertainty in the
damping characteristics and seismic mass of the struc-
ture is also considered. The results indicate that for
far-�eld earthquakes with low mean period, TMD could
reduce the failure probability of the structure, with dif-
ferent e�ects on each story. The maximum density of
relative displacement has been shifted towards small val-
ues, mainly for higher stories, by using the TMD on the
roof story of the structure.

Key Words: Failure probability, tuned mass damper,
probabilistic model, steel moment-resisting frame.
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Abstract
Nowadays, basic isolation is an extensive technology that
is applied in many countries, and the construction ba-
sics of their di�erent types are well known. It seems
that inventors have an inevitable interest in this concept
and, so, they propose innovative base isolation systems
each year. Many of these systems are not applicable,
and may be, in some cases, perilous, but their num-
bers are vastly growing, year by year. In recent years,
the damage to well designed structures, due to ground
motion, has attracted the attention of engineers to near-
�eld sources of motion and their e�ects on building per-
formance. Triple Friction Pendulum Bearings (TFPBs),
as an adaptive seismic isolator, with di�erent sti�ness
and damping properties, can guarantee the seismic per-
formance of an upper structure for long periods and am-
plitudes of near-�eld ground motion. TFPBs are made
of multiple concave surfaces with di�erent friction co-
e�cients. The magnitude of displacement will cause a
transition of sliding on surfaces, and produces appropri-
ate damping and sti�ness. Hence, optimization of e�ec-
tive design parameters for an objective performance is
critical.
First, the behavior of TFPBs is investigated to iden-
tify its dominant design parameters on the response of
structures, such as story drift, roof acceleration and dis-
placement of isolated levels. Then, a speci�c numeri-
cal optimization method, based on Genetic Algorithms,
has been applied to determine the optimum value of
these parameters to achieve the minimum response of
the structure. In this process, near-�eld ground motion
with di�erent characteristics, such as a pulse period, at
di�erent hazard levels has been used.
As the results of GA analysis shows, it was realized that
the optimum design parameters have signi�cantly dif-
ferent optimum intervals for di�erent target responses.
So, di�erent response targets were combined linearly, to
make a new �tness function. The partnership coe�-
cients of each single objective function can be chosen by
the desire of the designer. The superstructure was as-
sumed to have rigid behavior, so, the vibration period of
the structure adheres to the TFPB period. Thus, opti-
mum design parameters can be used for di�erent types
of superstructure with the same behavior.
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h the elasticity modulus of the soil was considered to be a
linear function of depth.
The results obtained by numerical modeling were com-
pared to the traditional Vesic and Bowel equations. As
results, in spite of Terzaghi, Vesic and Bowel methods,
it is obtained that the horizontal modulus of sub-grade
reaction increases with the pile diameter. Also, a higher
heterogeneity factor leads to a higher rate of increase in
the value of sub-grade reaction. In the case of larger
pile diameters, this increase in the sub-grade reaction
value will be more reasonable. In addition, in homoge-
nous clays, axial loads have no signi�cant e�ect on the
value of the sub-grade reaction. Nevertheless, in hetero-
geneous clays, this modulus increases with the degree of
heterogeneity.

Key Words: Single pile, pile's horizontal sub-grade
reaction modulus, pile's horizontal sub-grade reaction co-
e�cient, pile diameter, heterogeneity, axial load.
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Abstract
In the design of shallow foundations, permissible settle-
ment is often the controlling design criterion. Numerous
methods have been developed over the years to estimate
the elastic settlement of footings over cohesionless soils.
The conventional methods utilize correlations between
measured settlements and some parameters from rea-
sonably simple �eld tests. These include, in particular,
standard penetration tests (SPT) and cone penetration
tests (CPT). Often, the mentioned correlations overpre-
dict settlements.
In-situ direct estimation of the maximum or small-strain
sti�ness (Gmax or Emax) of soil is more e�ective and

reliable than those derived from resistance-based cor-
relation or laboratory testing. In addition to a geo-
physical refraction seismic survey, there are several other
techniques for measuring maximum sti�ness at the site,
such as the cross-hole, the down-hole, spectral analysis
of surface wave (SASW) and the continuous surface wave
method (CSW). In these methods, an electromechanical
vibrator or impact source is used to generate surface
waves. Then, geophones receive ground responses to
measure up Rayleigh wave velocity and maximum sti�-
ness.
In this paper, a new method is provided in order to de-
termine the settlement of a shallow foundation based
on small-strain sti�ness. The suggested relationship in
this study will be the modi�ed small-strain sti�ness of
the soil layer, according to the level of foundation pres-
sure. The elastic settlement is obtained using the rela-
tionships of the elasticity theory, based on foundation
width, stress �eld and modi�ed sti�ness.
In order to validate the proposed method, the results
of the survey of loading tests and seismic geophysical
tests at several sites were evaluated and compared. Ap-
propriate coincidence between the results of the loading
test and the predicted settlement shows the accuracy of
the proposed method in comparison to other methods,
which were more accurate than the SPT or CPT based
predictions. In general, predictions based on in situ pa-
rameters from seismic measurements are closer to the
measured settlement under service loads.

Key Words: Immediate settlement, shallow foundation,
granular soils, shear wave velocity, maximum sti�ness.
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Abstract
The modulus of horizontal sub-grade reaction is one of
two important sti�ness parameters. This modulus de-

�nes the relationship between the soil reaction, p, and
the pile deection, y. Thus, knowing the exact amount
of horizontal sub-grade reaction will lead to a more ac-
curate pile design.
In the theory of a sub-grade modulus, soil sti�ness is de-
�ned by a series of independent elastic springs, while, in
reality, they are interrelated in a complex fashion. Also,
in cases where plastic soil behavior will most likely be
initiated at the ground surface, especially for pile heads,
the e�ect of pile diameter on the sub-grade modulus will
be more important. Furthermore, in the classical sub-
grade problem of Vesic, a exible beam supported on
an elastic half-space, the e�ect of heterogeneity has not
been taken into account.
Thus, in this study, the real behavior of a sub-grade
modulus with pile diameter, the e�ect of heterogene-
ity and the existence of axial loads on the variation of
sub-grade reaction, are investigated using a traditional
computer code, namely FLAC (accounted for the Fast
Lagrangian Analysis of Continua). The validation of
the modeling procedure is carried out using a laterally
loaded pile case, in which, the behavior of a driven pile
was experimentally studied on over-consolidated clay in
Houston. To take the heterogeneity e�ect into account,
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