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Basin edge effect on industrial structures damage pattern at clayey basins
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Abstract.

In this numerical study, the 2D dynamic behavior of a clayey basin and its effect on damage pattern over basin edge

are investigated. To attain this goal, a fully nonlinear time domain analysis method has been applied. Then, the fragility curves
of the considered two typical industrial structures for that certain point are estimated using the acceleration time histories
recorded at each surface point. The results show that the use of the damage related parameters in site effect analyses, instead of
amplification curves, can yield more realistic estimation of the basin dynamic response. In a distance about 150 m from outcrop
at the basin edge, the differences between fragility curves increase when increasing the distance from outcrop with respect to the
reference rock site. Outside this region and towards the basin center, they tend to occur in rather single curves. Furthermore, to
connect the structural damage to the basin edge effect, the earthquake demand value at different points for two typical structures
was evaluated. It was seen that the probability of occurrence of damage increases over 250 m from outcrop, while the effect of
the basin edge was limited to 150 m in case of the basin edge evaluation by using fragility curves.
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1. Introduction

The fact that the damage pattern of the sedimentary sites
is higher with respect to the hard sites has been proved
during several earthquakes. This kind of effect is known as
the site effect (Assimaki and Gazetas 2004, Abraham et al.
2015, Gautam et al. 2016, Zhu et al. 2018, Costanzo et al.
2019, Mayoral et al. 2019). In addition to that, the existence
of the inclined bedrock at the sides of the basins causes the
concentration of the damage at these parts, which is known
as the basin edge effect. These effects influence the
specifications of the bedrock motion such as PGA,
frequency content and duration (Zhu and Thambiratnam
2016, Riga et al. 2016, Falconea et al. 2018). Several
studies have revealed the effect of 2D bedrock on
distribution of damage (Bakir et al. 2002, Abraham et al.
2016, Khanbabazadeh ef al. 2018).

After the pioneering semi-analytical/semi-numerical
work of Aki and Larner (1970) several analytical and
numerical methods have been applied in the investigation of
the different aspects of the site effect (Paolucci 1999,
Faccioli et al. 2002, Rodriguez-Castellanos et al. 2011,
Kham et al. 2013). In some situations, the local site effect
can be inferred reasonably by using simple 1D models.
However, lateral heterogeneity at alluvial basins may give
rise to focusing and locally generated surface waves (Makra
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and Chavez-Garci 2016, Madiai et al. 2016, Yniesta et al.
2017, Stanko et al. 2019). Several field and numerical
investigations have shown the insufficiency of the
approaches based on 1D site response (Beyen and Erdik
2004, Khanbabazadeh et al. 2019). To obtain better
estimation of the dynamic behavior of basins with different
geometries during earthquakes, the application of 2D and
3D analytical methods have gained popularity among
researchers (Semblat et al. 2005, Makra et al. 2005,
Manakou et al. 2010, Khanbabazadeh and lyisan 2014a and
b, Saenz et al. 2019). The finite element and finite
difference methods, the boundary element method (direct
and indirect methods) and hybrid techniques are among the
most used analytical methods (Heymsfield 2000, Alvarez et
al. 2004, Kamalian et al. 2006, Tsai and Liu 2017, Riga et
al. 2018). Because of its flexibility in the modeling of the
irregular geometries and nonlinear behavior of soil, the use
of finite difference method is among the successful
examples of the application of the numerical methods in 2D
and 3D site effect analysis (Frankel 1993).

In practice, the dynamic behavior of the basins is generally
presented by the maximum spectral amplification factor
(MSAF) curves. To obtain these curves, the maximum ratio
of the response spectrum at each surface point to the
reference rock site is estimated (Safak 2001, Gelagoti et al.
2010). However, the investigation of 2D dynamic response
using the MSAF curves remains somewhat misleading
because these maximums do not occur at the same period
(Khanbabazadeh et al. 2018, Iyisan and Khanbabazadeh
2013). In this study, since the selected structures are on the
surface, there is no need for consideration of SSI.
Nevertheless, for structures that SSI matters, it must be
considered in evaluation of their damage. Besides, despite
greater MSAF at certain region of basin surface, the results
of the damage analyses can present less damage with
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Fig. 1 The schematic geometry of the modeled basin and the reference structure at free-field

Table 1 The geotechnical properties of the selected soil material

Soil Type ¢ (kPa) d(°) Vs (m/s) G (MPa) K (MPa) y (KN/m?)
Medlu‘&z;am“y 7590 10 200~400 7.604~33.604 2¢5~8.8¢5 19-21
Elastic Bedrock ] ; 1000 2500 4160 25
(elastic)

respect to the region with smaller MSAF. This is related to
the effect of the interference and mixing of different
frequency components affecting the structural damage,
which is missing in the MSAF curves. Since the final
purpose of the site effect studies is to see the site response
and the edge effect on the buildings, this study investigates
the effect of the basin edge on the damage pattern. The aim
of this study is to relate the dynamic behavior of a clayey
2D basin to damage ratio (DR) of structures. Damage ratio
is defined as the ratio of the earthquake damage repairing
cost to the replacement cost for the structure (Askan and
Yucemen 2010). To this end, a 2D clayey basin with
bedrock inclination at its sides is subjected to a set of strong
ground motions, and the acceleration time histories at
different points of the basin surface are recorded in time
domain for each bedrock motion. The dynamic analyses of
the basin are done by a fully nonlinear time domain method
which is based on explicit finite difference scheme. Then,
the fragility curves of the two typical structures at each
surface point are estimated using the recorded acceleration
time histories.

The performance based analyses of the selected
structures are done using the incremental dynamic analysis
(IDA) using IDARC2D (Reinhorn et al. 2009). Then, the
effect of the basin edge on variation of the damage ratio
will be studied by evaluation of the damage probability
matrix (DPM) and mean damage ratio (MDR) at each
surface point.

2. Basin model and structural properties

The purpose of this study is to relate the dynamic
behavior of a 2D clayey basin to damage ratio of structures.
To this end, a hypothetical basin with a bedrock inclination
of 10° at the basin edges and 100 m of depth was selected.
Since the geological investigations show the greater
statistical frequency of the inclinations between 5° to 15°,
and because of the longer projection distance of these
smaller angles at the basin surface, the effect of this
inclination range draws more attention in engineering
works. Thus, the bedrock inclination of 10° has been
investigated in this study. In order to completely catch basin

edge effect, the basin width has been taken too long (2000
m) so that these effects are caught. If the results show the
influence of inclined bedrock beyond basin edge, the width
can be increased. The analyses results have shown the
sufficiency of the selected width to depth ratio for these set
of analyses. Fig. 1 shows the schematic geometry of the
basin as well as the reference point at free-field.

To make the results useful at engineering issues, the clay
type has been selected with respect to the soil classification
codes. This soil is classified as medium plasticity clay. A
linear variation of the properties over 100 m basin depth has
been provided as in Table 1. Also, the clay is assumed
normally consolidated.

In this study, typical single-story reinforced concrete
(RC) industrial structure, which is generally preferred in
organized industrial zones, has been taken into
consideration. The considered two existing typical single-
story structures with different geometric dimensions and
column types are presented in Fig. 2 and Table 2.

Both of the studied structures have square column cross-
sections. The frames are composed of cantilever columns
with rigid joints at the bottom (on foundation level). At the
columns top, the pre-stressed precast beams have got
pinned connections at roof levels. Thus, the lateral loads are
carried out by the columns stiffness along X and Y axes
directions.

To define the structural damage under earthquake
effects, the bearing characteristics of the column cross
sections have been given by the moment-curvature
relationship (M-¢). This relationship is presented by a tri-
linear curve with three characteristic points based on the
Mander unconfined and confined concrete model. The
utilized moment-curvature relationship has obtained using
the software XTRACT v3.0.7 (2006). Table 2 presents the
specifications of the inner and outer columns of the
considered structures.

The idealized 2D model of the clayey basin is subjected
to the collection of 16 strong ground motions. Several
criteria have been applied in selection of the strong ground
motion set. The used motion set comprises sixteen
earthquakes with four peak ground acceleration (PGA)
levels of 0.1 g, 0.2 g, 0.3 g and 0.4 g; four motions for each
PGA level. This set includes records of different frequency



Effect of cover cracking on reliability of corroded reinforced concrete structures

Beam

)~ — el
Precast Crane Beam— recast

-Pin Connection ™

Fig. 2 The typical single-story industrial structures configuration specification (a) type I and (b) type II

Table 2 The geometrical and structural properties of the inner and outer columns of the selected structures
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(Sjg(l:tlir(r;rr: Height 121?;31 V]?i?i}t]h Ii?cl;ltri[g; El initial Mecr My Qy Qu Elpy
m m m sec kN.mm? kN.mm kN.mm rad/mm rad/mm  kN.mm?
Type I Outer  5.69E+10 3.98E+04  1.93E+05 1.09E-05 3.75E-04 6.21E+07
40x40 6.5 22 72 175
(=%1.5&WConf Inner  6.14E+10 445E+04  2.06E+05 1.10E-05 3.64E-04 6.12E+07
Type 11 Outer  1.278B+11 6.67E+04  3.65E+05 7.64B-06  1.87E-04 2.76E+08
50X50 7.5 15 7.6 1.3
(p=%1.5&MConf) Inner 1.44E+11 7.62E+04  3.77E+05 7.67E-06  1.78E-04 2.73E+08
Table 3 The specifications of the selected earthquakes

Earthquakes Station A?gl;l X Magnitude Slixgrgtiitz)ila?st) Arias(élr}tst;nsity
1 Palm springs (1986) Silent Valley 0.1 M,;=5.9 6.14 0.0658
2 Chalfant ( 1986) LongValleyDam 0.1 Mw=6.2 10.24 0.0638
3 Mammoth lakes (1980) LongValleyDam 0.1 Mw=6.0 7.46 0.0666
4 Anza (1980) PinyonFlat 0.1 Mw=4.9 1.945 0.0218
5 Sakarya (1999) Development burea 0.2 Md=5.7 3.11 0.1397
6 Dinar (1995) Dinar station 0.2 M;=5.0 14.95 0.8096
7 Duzce (1999) Lamont 0.2 Mw=7.1 10.57 0.5283
8 Livermore (1980) Morgan Terr Park 0.2 Mw=5.4 342 0.1877
9 Mendocino 1992 EEL River valley 0.3 M;=6.5 4.82 0.8079
10 Coyotelake (1979) Coyote Lake Dam 0.3 Mw=5.7 3.68 0.4003
11 Parkfield (1966) Temblor pre 0.3 Mw=6.1 4.29 0.3615
12 Firuzabad (1994) Firuzabad-ZRT 0.3 Mw=5.9 7.14 0.687
13 Kocaelil(1999) Development burea 0.4 Md=7.4 9.74 1.5843
14 Parkfield (1996) Temblorpre 0.4 Mw=6.1 3.19 0.5537
15 Umbria-Marche (1997) Colfiorito-Casermette 0.4 Mw=4.3 4.57 0.6902
16 South Iceland (2000) Thjorsarbru 0.4 Mw=6.5 4.29 1.6125

contents and durations. Since the scaling affects several
specifications of a motion, no scaling has been applied to
these motions. Ten motions of this set (except motions no.
5,6, 7,12, 15 and 16) have been used from PEER ground

motion database, while others have been obtained from
other reliable research centers such as KOERI (Turkey) and
IIEES (Iran). To remove the effect of soil layers from
selected accelerograms, they have been chosen from
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motions recorded on stiff soils during real earthquakes, or
deconvoluted to the corresponding bedrock motion. The
earthquakes no. 5 (Turkey), no.12 (Iran), no.15 (Italy) and
no. 16 (Iceland) have been deconvoluted to bedrock
motions. The deconvolutions have been done either using
the SHAKE2000 program or the deconvoluted motions
have been obtained from KOERI (Turkey) and IIEES (Iran).
All motions have time step of 0.005 s except Mendocino
motion (with dt=0.02 s) and Parkfield motion (with dt=0.01
s). They are baseline corrected and filtered by a 25 Hz low-
pass filter. Table 3 presents the specifications of the used
earthquakes.

3. Analysis method

3.1 Site effect analysis

The dynamic analyses of the basin are performed using
a fully nonlinear method, which is based on explicit finite
difference scheme and solves the full equations of motion
using FLAC3D code. Since the application of finite
difference method provides flexibility in the modeling of
the irregular geometries, which carries more importance at
2D analyses, this method has been used for these analyses.

The used fully nonlinear method follows any prescribed
nonlinear constitutive relation. In this method, since the
strain increments (not tensors) relate to the stress tensors,
plastic yielding is modeled appropriately (Cundall 2008).

Also, both shear and compressional waves are
propagated together in a single simulation, and the material
responds to the combined effect of both components. Using
a nonlinear material law, interference and mixing of
different frequency components occur naturally. In this
method, first-order space and time derivatives of a variable
are approximated by finite differences, assuming linear
variations of the variable over finite space and time
intervals, respectively. Then, the continuous medium is
replaced by a discrete equivalent one in which all forces
involved (applied and interactive) are concentrated at the
nodes of a three-dimensional mesh used in the medium
representation. The application of the boundary conditions
and damping are presented in the following sections.

3.1.1 Boundary conditions

The approach used in the continuum finite difference
code NESSI (Cundall et al. 1980) is developed for
FLAC3D via Free-Field boundary condition which involves
the execution of free-field calculations in parallel with the
main-grid analysis. It provides non-reflecting property for
the vertical boundaries. For model bottom, in order to
prevent the reflection of outward propagating waves back
into the model, and to allow the necessary energy radiation,
the quiet boundary scheme proposed by Lysmer and
Kuhlemeyer (1969), which involves dashpots, are attached
independently in the normal and shear directions. The
schematic coupling of the main grid to free-field grids by
viscous dashpots is presented at Fig. 3. Also, to prevent the
numerical distortion, with respect to the frequency content
of the input waves and the wave speed characteristics of the
system, based on Kuhlemeyer and Lysmer (1973) the
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Fig. 3 The schematic coupling of the main grid to free-
field grids by viscous dashpots
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Fig. 4 The utilized degradation curves for selected soil
type

spatial element size was selected smaller than one tenth to
one eighth of the wavelength associated with the highest
frequency component of the wave.

3.1.2 Damping

In this study, the formulation of the hysteresis damping
is applied. In this case, the combination of the
Hardin/Drnevich hysteretic damping with Mohr-Coulomb
model is utilized. Using the hysteretic-type damping model
and with no extra damping, the damping and tangent
modulus are appropriate to the level of excitation at each
point in time and space, since these parameters are
embodied in the constitutive model. In effect, no damping
curve is defined in fully nonlinear analysis. The degradation
curve of the used clayey material has been obtained from
Ishibashi and Zhang’s (1993) work. Then, this curve was
fitted to one of the FLAC's built in sigmoidal models
(continuous functions) by fishes so that analytical
derivatives are calculated. The utilized degradation curve
for selected soil type is shown in Fig. 4. The verification of
this modeling has been done by comparing to the solution
of the valley studied by Kawase and Aki (1989), and
presented at Iyisan and Khanbabazadeh (2013) and
Khanbabazadeh et al. (2018).

3.2 Structural damage analysis

The incremental dynamic analysis (IDA) procedure has
been applied to estimate all of the possible damage states
that the structure could experience under seismic excitation
conditions (Vamvatsikos and Cornell 2002). This
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parametric analysis involves subjecting a structural model
to a set of strong ground motions. The fundamental periods
of the studied structures are considered based on the
cracked section stiffness properties of the columns. Each of
their spectral acceleration value (Sa) corresponding to the
period of structure was scaled with 0.05 g increments in the
0.05 g-1.5 g range. The nonlinear dynamic analysis was
performed using IDARC2D (Inelastic Damage Analysis of
Structures) (Reinhorn et al. 2009). This choice was made
because of its advantage for definition of several different
parameters of damage due to dynamic loads (Dumova-
Jovanoska 2000).

In this method, the solution of incremental system is
carried out using the Newmark-Beta algorithm which uses
constant average acceleration. Also, it includes a spread
plasticity formulation based on the flexibility method to
capture the variation of the section flexibility, and then
combines them to determine the element stiffness matrix. In
the non-linear dynamic analysis, the spread plasticity
approach with linear flexibility distribution is used. As the
structural damping, the Rayleigh damping with the
coefficient of 5% is used. In this analysis, despite the small
axial column loads, the P-Delta effect has been taken into
consideration because of the presence of high-rise column
elements (Eren and Lus 2015). The hysteretic behavior has
been specified at both ends of each member by three
parameters. The trilinear hysteretic model, which is energy
based strength degradation hysteretic behavior, was adopted
for structure to consider the effect of stiffness degradation,
strength degradation and pinching (Sivaselvan and
Reinhorn 2000).

3.2.1 Definition of the damage criteria

Among various parameters for assessment of damage
condition such as inter-story drift ratio (Kircher et al. 1997,
Kircil and Polat 2006) and strain base limit of the concrete
and longitudinal reinforcement (Senel and Kayhan 2010,
Palanci et al. 2017), the Park and Ang damage index (Park
et al. 1987, Singhal and Kiremidjian 1996) is used in this
study. In this model, the damage is defined as a linear
combination of maximum deformations and absorbed
hysteretic energy. The participation of both extreme
deformations and the dissipated hysteretic energy at a lower
level of deformations are among main advantages of this
model. The modification of the Park and Ang damage
model presented by Kunnath ef al. (1992) is as follows:

em_er B

DI =
0,—0, @ Oy *M,

Ep (1

where 0, is the maximum rotation attained during the
non-linear dynamic analysis; 0, is the ultimate rotation
capacity of the section; 8, is the recoverable rotation when
unloading; M, is the yield moment; B is a model constant
parameter; and E; is the cumulative dissipated energy in
the section. The Park ef al. (1987) damage model has been
calibrated using a database of observed structural damage of
reinforced concrete buildings. Table 4 presents the used
calibrated damage index with the degree of observed
damage in the structures.

Also, the performance assessment of the structures was

Table 4 Damage state related indexes threshold values (Park
et al. 1987)

Damage state

Damage index

None <0.10

Slight 0.10-0.25
Moderate 0.25-0.40
Extensive 0.40-1.0
Collapse >1.0

fulfilled by the determination of the seismic performance of
structures for a given seismic hazard levels. The
mathematical description of the exceedance probability is
stated as follows:

Pj = P(DI = DS;|S,e;) (2)

where Pj; is the probability of structural damage index
exceeding the damage state i conditioned at S,.;. The
probabilistic distribution of the structural damage is derived
by assuming a two-parameter lognormal distribution
function. The probability of exceeding of a damage state
(DS;) for damage index (DI) for a given spectral
acceleration (S,.) is modeled as:

1 Sae
—In| =
BDSi Sae,DSi

where §ae,DSi is the median value of spectral acceleratian
at which the structure reaches the threshold of the damage
state (DS;); PBps, is the standard deviation of the spectral

acceleration for i damage state; and & is the standard
normal cumulative distribution function.

P[DS;[S;e] = @ €Y

4. Results and discussion
4.1 Fragility curves

In this section, the estimated fragility curves of two
different single-story RC industrial structures are presented
for different basin surface points from X1 to X6 (Fig. 1) as
well as reference point (free-field). Fig. 5 presents the
fragility curves of the structure type I at each surface point.

In this figure, the difference between fragility curves for
each damage state with respect to the reference point on
rock site (free-field) can be seen. The results show the effect
of the basin edge on the fragility curve. It is seen that, for
all damage states, by the increase in the distance from
outcrop until point X3, the difference between fragility
curves at surface point with respect to the reference site
increases. From this point on, the difference decreases so
that at point X6 they tend to rather single curves for all
damage states. Almost the same trend but with a higher
difference level can be seen for the structure type II (Fig. 6).
Also, almost for all damage states at points X5, the curves
of the structure type II remains below the damage states of
the reference rock site.
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4.2 Damage probability matrix under the effect of the basin edge. In order to study the

variation of structural damage over the basin surface, the
Figs. 5 and 6 present just the change in fragility curve earthquake demand value at different points should be
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Fig. 7 The DPMs of the structure type I under the effect of selected four earthquakes
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Fig. 8 The DPMs of the structure type II under the effect of selected four earthquakes

considered. To this end, the damage probability matrix
(DPM) was evaluated for considered two structures with
respect to their locations at the basin surface. A damage
state in a DPM is defined as the degree of damage to a
given typical building under an earthquake of a specific
intensity. Each value in a DPM represents the probability of
occurrence of the specific level of damage for a given
structure, under an absolute spectral acceleration of ground

motion. Using the incremental dynamic analysis,
P(DSiISae,j) values can be calculated from:
N|P(DI = DS;|Sae;

P(osis,,) = ool

TE
where TE is the number of the earthquake in the IDA
subjected to structure and N[P(DI > DSi|Sae,j)] is the

number of DI, which reaches or exceeds the DS;, among
the TE. The DPM was evaluated for both considered

structures under four different earthquakes from our strong
ground motion set (Dinar (1995), Mendocino (1992),
Kocaeli (1999) and Umbria-Marche (1997) from Table 3).
Fig. 7 presents the DPMs of the structure type I under the
effect of selected four earthquakes.

This figure shows the effect of the basin edge on the
structural damage over basin surface. It is seen that, for
example, under the effect of Kocaeli earthquake (1999)
(Md=7.4, PGA=0.4 g), while the probability of occurrence
of slight and moderate damages for structure type I at
reference points (free-field) are 70% and 2%, respectively,
the probability of occurrence of moderate damage increases
to about 50% at points X4 and X5 for the same structure. In
the meantime, the probability of occurrence of the extensive
damage increases from 3% to 13% at points X4 and X5,
respectively. Although the probability of occurrence of the
collapse damage state decreases at point X6 with respect to
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Table 5 CDR values proposed in different studies

Damage state (DS) Central damage ratio (CDR) (%)
Gurpinar et al. (1978) Askan and Yucemen (2010)
None 0 0
Slight 5 5
Moderate 30 30
Extensive 70 85
Collapse 100 85
- Dinar(1995) o Mendocino (1992)
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Fig. 9 The variation of MDR for structure type I under the effect of selected four motions over basin surface

50
45
40
35
30
25
20
15
10

MDR(%)

w

50
45
40
35
30
25
20
15
10

MDR(%)

Fig. 10 The variation of MDR for structure type II under the effect of selected four motions over basin surface
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for structure type I is about 3% at the free-field, because of
the basin edge effect, it increases to 35% at point X5, and
decreases to 14% at point X6. Also, in Fig. 8 the DPMs of
the structure type II under the effect of selected four
earthquakes is presented. It is seen that the variation of the
damage pattern under the effect of the basin edge changes
by the change in structure specification.

4.3 Mean damage ratio

Damage ratio (DR) is defined as the ratio of the
earthquake damage repairing cost to the replacement cost
for the structure. Expressing damage with a single value
rather than to express the probability of damage of four
different damage situations is called the mean damage ratio
(MDR), which is defined as follows:

MDR(S,65) = > P(DS[S,6) *CDRDS) (s)
DS

where MDR(Saelj) is the mean damage ratio corresponding
to the intensity level S,o;; and CDR(DS) is the central
damage ratio corresponding to damage state DS;. In
obtaining MDR values, the seismicity of the region, the
characteristics of the structure and the CDR values are
important. In this study, the MDR values for the considered
structures at 7 different points (including reference point)
were evaluated. Table 5 presents CDR values for four
different damage states proposed by Gurpinar et al. (1978)
and Askan and Yucemen (2010).

Fig. 9 presents the variation of MDR for structure type I
under the effect of selected four motions over basin surface
using CDR values. This figure clearly presents the effect of
the basin edge on the damage ratio of a typical single-story
RC industrial structure over the studied clayey basin. It is
seen that for the studied 2D alluvial basin and for all
applied earthquake motions, the MDR increases as the
distance from outcrop increases.

It generally reaches to highest values at points X4 and
X5, and then decreases at point X6. The location of point
X6 has been selected in a distance which is far enough from
the outcrop that is not affected by the inclined bedrock.
Thus, the damage ratio at point X6 represents the 1D
behavior of the basin at central parts. Moreover, it is seen
that Mendocino earthquake (1992) with PGA of 0.3 g
causes more damage ratio at basin edge when it is compared
to Kocaeli (1999) and to Umbria-Marche (1997)
earthquakes with higher PGA (0.4 g). Furthermore, the
variation of MDR for structure type II has been presented in
Fig. 10. Compared to structure type I, it is seen that
although the variation of the MDR under the effect of the
basin edge has similar trend, its damage level changes by
the change in structure specification.

5. Conclusions

As it was mentioned earlier, the final purpose of the site
response and basin edge effect studies is to determine its
effect on the buildings performance. Since the basin edge
affects the frequency content of the motion throughout

basin surface, and the MSAFs don’t occur at the same
period, the investigation of 2D dynamic response using this
parameter remains somewhat misleading. For these reasons,
the greater MSAF doesn’t necessarily result in higher
damage in the buildings. In this study, the effect of the basin
edge on the damage ratio was studied. In this study, the
damage ratio of two typical one story structures located on
the same soil type (clay) but at different distances from
bedrock outcrop was estimated. To this end, using a fully
nonlinear time domain analysis method, the acceleration
time histories of a set of bedrock motions were recorded at
different points of the 2D basin surface. Then, using the
acceleration time histories recorded at each surface point,
the fragility curve of the considered structures for that
certain point was estimated.

The results show that, in certain region at the basin
edge, by the increase in the distance from outcrop, the
difference between fragility curves at surface point with
respect to the reference site increases. Although the
difference level is affected by the type of structures, the
length of this region is about 150 m from outcrop in case of
10° bedrock inclination. Outside this region, the difference
decreases so that towards the basin center they tend to a
rather single curves at about 500 m from outcrop.

Although the estimated fragility curves at each surface
point include the effect of the basin edge, they provide no
information about the variation of structural damage. To
connect the structural damage to the basin edge effect, the
earthquake demand value at different points for two typical
structures was evaluated. The results showed that inside a
certain region, the probability of occurrence of damage
levels increases by the increase of distance from outcrop.
The probability of occurrence of damage increases over 250
m from outcrop, while the effect of the basin edge was
limited to 150 m in case of the basin edge evaluation by
using fragility curves. Almost the same pattern but with
different intensity level can be seen by changing the
structure type. Finally, for simplicity, the damage ratio is
used to express the probability of damage with a single
value. It was seen that the region with critical damage ratio
is in between 250 m and 500 m from the outcrop.

Based on the results of this study, it is concluded that the
evaluation of site effect by connecting it to damage level,
instead of the amplification curves, can yield more realistic
results. It worths mentioning that damage level cannot be
solely related to basin response and site effect. Since by the
use of damage related parameters the effects of the
frequency content are considered in more effective way,
therefore, in addition to the amplification coefficients the
damage parameters can be considered in seismic codes as
well.
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