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Abstract: This study isfocusedn the evaluation of liquefaction of Baghdad sBiven sites have been cho
along Tigris River. Various procedures were followe evaluate liquefaction susceptibility of Bagtidsoil.
The variation of safety factor with depth had ba@arestigated The liquefactioninduced lateral spreading a
settlement had been studifthe study revealed that the NCEER, 1997 workshopgature is recommended |
assessment of liquefaction of Baghdad soil whike apanese highway bridge method is not conveA new
proposed chart for preliminary assessment of ligetén for Baghdad soil had been developed. Thastaohill
be helpful in saving cost and time in liquefactassessment of Baghdad .
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1. Introduction
The natural disasters have their s-economicimpact on the civil communiti. The

infrastructure is usually the most vulnerable teadters in particular roads, bridges, de
transit and aviation systemsghools, navigable waterways, energy resourceskidgnwater
and solid and hazardous wa [1].

Liquefaction can be one of factors which damagelestroy the structures built on t
loose and saturated deposits. Liquefaction referghé response of soagainst dynamic
loads(like earthquakesubsurface blastii, pile driving, and vibrations fro train traffic or
transitional shearing waveahd then decrease part or all of resistance o$adlleand the soi
becomes liquefyDuring ground shaking, shriage of pore spaces coose to medium-
compact granulasoils squeezes the pore water; when the pore waterot easildrain, the
pore-water pressursignificantly increases, tht
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reducing the effective stresfl]. The soil losses grain-tgrain contact and tends to behi
like a liquid. Liquefaction may cause the reduction loss of bearing capacity, lar
settlement,and horizontal displacement because of lateral asisreof liquefied soils
Liguefaction can be dmbited in the forms of sand boils or lateral spred surficial soils
(Fig. 1), [2)Examples of this type of damage were observedanynearthquakes, such as
1964 Niigata, the 1964 Alaska, the 1971 San Fematite 1985 Mexico City, the 19¢
Northridge, the 1994 Kobe, the 1999 Taiwan, the 1999 dyrihe 2010 Baja California, &
the 2011 Tohoku earthquak

\ e s =
(a) Sand boil (b) Land lateral spread due to liquefaction

Figurel. Liquefaction in the 2010 Baja California earthquake, Mw=7.2,[2]

2. Siesmic Hazardsin Iraq
Tectonically Iraq is located in a relatively actiaeismic zone at the northeast

boundaries of the ArabiaRlate. This plate is moving toward the Turkish and leamplates
counterelockwise, and as a result of these collisistresses occur is higher than the carr
rocks what happens break in the rocks, resultinfiberation of energy and this energy
spread in the form of waves in all directions, leéadsibration. The correspondinZagros,
TaurosBelts manifest the tbduction of the Arabian plate into tHeanian and Anatolia
Plates .The seismic history reveals annual seisctivity of different strength. The territol
of Iraq, although not directly located on a denlssster of recent earthquake epicenters;
the geodynamic configurations show a medium to highrsd risk. This will be coupled wit
the increasing vulnerability of e major highly populated citigglL],[3].

The north and northeastern zones depicts the Higksismic activity with stron
diminution in the south and southwestern parts of the cpuFig. 2 represents a seisIr
acceleration map of Iraq, in which it is obvioustthregions east of Tigris River have
seismic acceleration (greater than 0.2g) with ntadei V>4.0,[4], [5]. The region betwee
Tigris and Euphrates Rivers experiences a loweelacation (0.-0.2g). The seismic haza
near the source boundaries is directly and stroafjgcted by the change in the delineatiol
these boundaries. The forces which have fornhe geological structure along the pl
boundary in E and NE Iraq are still active causstgess and strain accumulation,
deformation. Highly destructive earthquake canxymeeted to occur in the futui[5].
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Figure 2. Seismic acceleration map with period of 100 years, [4]

From the previous discussion it canfound that, Bhough Iraq is seemingly secure frc
seismic hazards, seismic observations indicaterwibe. Earthquakes are likely to hapy
and may cause substantial damage, espein NE Irag and in the Mesopotamian Plain
to Liquefaction or Quaternary sediments. It is ¢@re important to take into considerat
seismic parameters in future design of large bugd The last seismic event that takes pl
on November 23, 2013confirmed this conclusion. The Iragi seismic monitorin
centerdeclares, on Saturday November 23, 2013, that tleber of earthquakes that
different parts of Iraq amounted to more than 5@the@akes. The number of ror
earthquakes that hit centralprthern and southern areas of Irag were four ef riosi
powerful occurred in the ninth hour and 31 minud®sl was measuring 5.6 according
Richter scale and depth of up to 17 km, and it i€hanaqin in Diyala province and that f
by the people oBaghdad and was followed by more than 50 aftershdekween tangibl
and nontangibleattributing the cause of earthquakes ireg@no tectonic plate moveme
and as Iraq is located on the n-east of the Arabian plate][6

3. Site L ocations and Descriptions
Extensive borehole data were collected from varjouislic and private organizatioifor

seven sites in Baghdadhese siteshave been chosen to evaluate their susceptibiht
liquefaction. The sites distributed from northeassouth oilBaghdad. Some of these sites
near Tigris River while the others somewhat fanfrthe river The locations of these sit
could be shown in Fig. Geologically, Baghdad lies within the Mesopotanain. Most of
the Mesopotamian Plain is flat broacea. The Mesopotamian Zone was represents b
Quaternary Sediments that range in age from Pt@sa®to Holocene, and in thickness fr
few meters up to 250 m, which were deposited byirttexacting Tigris and Euphrates rive
on the alluvial fans frm the surrounding elevated are[4].
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Figure 3.Sites Dlstrlbutlon on Baghdad Map (Google earth image)

Generally, the solil profiles for these sites armposed of clay layer followed by loose to
medium silty sand to sand layer. Several geoteahpioperties at different depths have been
obtained for each site such as standard penetnatiorer (N), fine contents, unit weightyf
undrained shear strengtls,] and ground water level<Z(, as shown in Table 1. The
maximum acceleration valuean,) shown in Table 1 are chosen based on the si&tidmcon
the seismic acceleration map (showrkig. 2).

Tablel.Geotechnical properties of soil for all sites under study

Site H,m SPT-N Y, kN/m?® Fines,% g, mm Zy,m S kPa B
Clay 65 79 185 80 0.002 40

Sl sand 13 1225 17-19 18-19 02 22 _ (0:2:0.3)9
Clay 4 6-10 18.5 85 0.002 35

S2 Sand 13 11-29 17-19 11-28 03 08 . (0.2:03)g
Clay 8 34 21 94 0.003 150
Clay 45  6-12 19 94 0.004 45

S3 sand 18  7-34 18-19 10-27 01-02 L4 . (0:2:0.3)g
Clay 85  12-20 19.5 98 0.002 60

S4 sand 165  9-34 17-19 8-17 02 L4 . (03-04)
Clay 2 18 16.5 85 0.002 35

S5 sand 19 15441  16.5-195 8-16 0.02-02 3 . (0:3-0.4)g
Clay 25 18 18 88 0.002 25

S6 sand 23 1537 16-19.5 8-16 0102 ° _ (0.20.3)g
Clay 35 6-8 18.5 85 0.002 35

ST gand 175 832 17-18.5 1321 01025 3° _ (0.20.3)g

4. Liquefaction Considerations
It is widely accepted that only recent sedimentéillsr of saturated, cohesionless soils at

shallow depths will liquefy due to earthquake. Tdwnditions required for liquefaction to
occur are [2]:

a. the soil deposit is sandy or silty soil;

b. the soil is saturated or nearly saturated (usuolgw groundwater table);
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c. the soil is loose or medium compact;

d. the soil is subjected to seismic stress (suchaas &arthquake, blast, etc.).

Dense granular soils are less likely to liquefyntih@oser soils. Granular soils under higher
initial confining effective stress (e.g., deepeiljoare less likely to liquefy. Case histories
indicate that liquefaction usually occurs withidepth of 15m. Cohesive soils are generally
not susceptible to liquefaction. More quantitatagsessments of liquefaction susceptibility
are possible with information from subsurface sajplorations, [2].

4. Evaluation of Liquefaction Potential
Liguefaction is commonly evaluated using a factbsafety which is defined as the ratio

between the available liquefaction resistance, esqed in terms of the cyclic stresses
required to cause liquefaction, and the cyclicsstes generated by the design earthquake
(equation (1)). Both of these stress parameters@ranonly normalized with respect to the
effective overburden stress at the depth in quesiibey are referred to as cyclic resistance
ratio (CRR) and cyclic stress ratio (CSR), [7].

_ CRRy5

ES CSR

* Ko * Kq 1)

K, is the overburden stress correction factor; onlpliad to the following analysis
methods that adopted in this research:(NCEER Y@dncouver Task Force Report [8], Idriss
and Boulanger [9]). Each of these methods hasvitis equation for calculatiri,. Kgis
ground slope correction.

Seed and Idriss considered the soil layer with Blbier between 1.25 and 1.5 as non-
liquefiable, while soil layers with FS between 1ladd 1.2 are defined as marginally
liquefiable. The actual FS selected is based oniriortance of the structure and the
potential for ground displacement. In calculatthg factor of safety, the empirical methods
are most widely used in practicBeed and Idriss [10jrst developed and published the
“simplified procedure” for evaluating liquefactigasistance. The NCEER workshop resulted
in a milestone reporf/], [11], which is the most updated liquefaction evaluatiefierence to
date, [2]The evaluations of CSR and CRR in the followindis®es are based on this report.

5. Liquefaction Analysis
More quantitative assessments of liquefaction qigubty are possible with information

from subsurface soil explorations. Two basic apghnea have been used to predict the
liquefaction potential of sostrata, [12], [13]:

(1) Evaluations based on a comparison of the gsassluced by an earthquake and the stress
conditions causing liquefaction in cyclic laboratéests on soil samples.

(2) Empirical methods based on measurements oitunssil strength and observations of
field performance in previous earthquakes.

Unfortunately, liquefaction assessments based diorddory tests are hindered by
limitations in the ability of laboratory equipmetat reproduce field stress conditions in small
soil samples and disturbance of field samples &lneémpossible to avoid and very difficult
to quantify in laboratory tests, [12].For this reas empirical methods based on in situ
penetration tests are favored for engineering ass&sts of liquefaction potential.
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5.1  Evaluation of Cyclic Stress Ratio (CSR)

Seed and Idriss formulated the following equationthe calculation of the cyclic stress
ratio (CSR), and this equatiomstill the most widely used empirical meth@th]:

Tav = 3max , Ovo
CSR = o = 0.65 . o *Tq )

where:

T,y = average cyclic shear stress induced by desgungrmotion,

o'y, = initial vertical effective stress at the deptidar consideration in static condition,
0y, = Initial vertical total stress at the depth undensideration in static condition,
amax = peak horizontal acceleration at the ground serfgenerated by the earthquake,
rq = stress reduction coefficient.

g=gravity acceleration.

The NCEER workshop recommendéeé following equations for routine practice and
noncritical projects, [7]:

rqg = 1.0 — 0.00765z for € 9.15m(3a)
rq =1.174 - 0.0267zfor 9.15m <z23m(3b)
rq=0.744 - 0.008 Z for 23 m <30 m(3c)

rq= 0.50 for z > 30 m (3d)

5.2 Evaluation of Cyclic Resistance Ratio (CRR)
Empirical methods for the evaluation of the CRR omnly employ the following field

tests: the standard penetration test (SPT), the penetration test (CPT), shear wave velocity
measurements, and the Becker penetration test (BB[T)The SPT and CPT methods are
generally preferred because of the more extenstabdse and past experience, but the other
tests maybe applied at sites underlain by graveidiment or where access by large
equipment is limited. In this research the evabrabf CRR is based on SPT.

5.3 CRR Evaluation methods based on Standard Penetration Test (SPT)

5.3.1 NCEER (1997) and Vancouver (2007)methods
These two methods, [7], [8], are very similar exybat in Vancouver Task Force Report a
K, parameter is multiplied in CRR7.5. The tactor is calculated from the followirfgrmula:

Ko = G2 ™ ) (4

Where Pa is atmospheric pressure in the choses amit f depends on relative density
(Dr) and given by:

f=1-0.005*Dr for 40% <Dr< 80% (5)
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In these methodologies, CRR7.5 is a function oftldeprrecte SPT blow count (N1)so
for clean sand (fines contel@ss than 5 percent). For sands containing fines content,
more corrections will be applied (N1)so (as shown in the following stej. The CRR7.5
curve proposed by theemethodologi¢ based on (Nsoare shown in Fig3:

Step 1: Corrections toverburden stress and various SPT equip, more details wer
reported byYoud et al. [1], to account for the effect of overburden stress andoua
equipment used for SPT.

0.8 | =57 06
[l 259]
Percent Fines = 35 15 = .
o 05
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= ! ] /| 35 percent fines, i 8 i .
5 os 0 03 | :
E g No liquefaction
o2
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a0
FINES CONTENT = 5% 0.1
Modified Chinese Code Proposal (clay content = 5%5) @
No ._/
" _V - _V o -
- . - ° 0t
. 0 10 20 30 40 50
° 1 Comond iy Comt 0 * Corrected SPT blow count, (Ny)éncs
(a) Liquefaction Case Histories, [14] (b) fines £ 5%, (from [2], [11])

Figure 3. SPT Clean sand Based Curve for Magnitude 7.5 Earthquake

The equation proposed by Thomas F. Blake recommemgl®&CEER Workshop (199°
for clean sand curve, as shoin Fig. 4, is used. This equation is valid {&)s0cs<30.
Step2: Corrections to fines conterThe corrected (Nso is further correcid for the fines
content (FC) inthe soil. The following equations were developedI®y. Idriss with the
assistance of R.B. Sedd]]:

(N1)eocs= o +B(N1)so(6)

where:
(N1)socs= the (N)eso for equivalent clean san(N1)socdS used in Fig. 3o find the CRR under
magnitude 7.5 earthquakes,
(N1)so=corrected SPT blow couto overburden stress and various SPT equig
aand3 = coefficients determined from the following retatship: (Equations (7) and (8)):

a=0 for FC <5% (7a)
_ e(1.76—(%)) for 5% <FC <35% (7b)
a=05 for FC > 35% (7c)
B=1 for FC < 5% (8a)
B=(0.99+ ) for 5% < FC <35% 8b)

65



Journal of Engineering and Development Vol. 20, No.1, January 2016 www.jead.org (ISSN 1813-7822)

B=12 for FC >35% (8¢)

Step 3: Magnitude scaling factors (MS: A magnitude scaling factor (MSF) is used
correct the factor of safety (FS) when theearthquakgnitude is not 7.

FS = —=2% « MSF 9)

WhereCRR?7.5 ishe cyclic resistance ratio for a magnitude 7.3heprake There are several
methods for MSF determinatioOne of themis that recommended by NCE [7]:

MSF = (7.5 / M) " 2.56(10)

The NCEER workshop summarized the MSFs proposedibigus investigato as shown in
Fig. 4, [7].
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Figure 4.MSF derived by various investigators. (Reproduced from [15])

6.3.2 ldrissand Boulanger (2004)

The correlation between the cyclic resistance r@@RR) adjusted to M = 7.5 are',= 1

atm and theequivalent clean sar(Nj)soc&/alue for cohesionless soils, as developed byd
and Boulanger is shown imgHation(11).

((N1)60cs : ((N1)60cs)2_((N1)60cs)3+((N1)60cs

14.1 126 23.6 25.4 )4_2'8) (11)

CRRy=756'v=1atm = €

6.3.3 Japanese Bridge Code

This methodology is based on SPT blow counts antitfgasize distribution of san

0.05mm < Ds, < 0.6mm — CRR, = 0.0882 /% +0.255l0g 7= +R;  (12)
v . 50

0.6mm < D5, < 2mm - CRR; = 0.0882 /%— 0.05(13)
Where:
FC < 4’0% i R3 - 0
Fc > 40% — R; = 0.004Fc — 0.16
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Dso : particle size corresponding to 50 percent passin

Fc : percent fines content passing sieve #200 @halysilt)

In this research, the methods adopted for liquefachssessment are NCEER [7],
Vancouver [7], Idress and Boulanger[16] and JapaBesige Code.

6.4  Post-Liquefaction

Liguefaction can dramatically alter the amplitudhel drequency content of ground surface
motions. As the buildup of excess pore pressureasaa layer of liquefiable soil to soften,
ground surface displacements may increase even wioeind surface accelerations decrease.
Ground oscillations may produce chaotic permanentement of fractured blocks of surficial
soils, [17]. The occurrence of liquefaction at depth beneatHat ground surface can
decouple the liquefied soils from the surficial Isoand produce large, transient ground
oscillations. The surficial soils are often brokieto blocks separated by fissures that can
close during earthquake. Ground waves with amm@itofl up to several feet have been
observed during ground oscillation, but permanespldcements are usually smdl¥]. In
this research lateral spreading and settlemerteo$oil will be investigated.

6.4.1. Lateral Displacements

Liquefaction-induced lateral spreading of slopimgund and near waterfronts is a major
cause of earthquake damage to deep foundafibnils, Earthquake case histories in the US,
Turkey and other countries, have shown damageitditgs, bridges, port facilities and other
pile-supported structures. Effects include crackamgl rupture of piles at both shallow and
deep elevations, rupture of pile connections, amanpnent lateral and vertical movements
and rotations of pile heads with corresponding atéfeon the superstructure. Thus, the
studying of liquefaction-induced lateral spreadiisg of interest in soils susceptible to
liquefaction and of great interest when these swl#&e located near the water sources (rivers,
lakes, etc.). In this paper, the liquefaction-inetlitateral spreading is estimated using Zhang,
Robertson and Brachman method, [18]. This appraeaachbe applied to obtain preliminary
estimates of the magnitude of lateral displacemaestociated with a liquefaction-induced
lateral spread. This method is essentially basedstimating maximum cyclic shear strain of
each layer during and after liquefaction which stirrated from safety factor against soil
liquefaction (FS) and relative density of soil, YDwhen ) can be correlated from SPT or
equivalent SPT blow counts as illustrated in FigThen, the Lateral Displacement Index
(LDI) is calculated from Equation14 as follow8]:

LDI = f/me v dz (14)

WhereY naxis the maximum shear strain in each layer indimedyclic load, and dz is depth
interval at each test.
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Figure5.MaximumCyclic Shear Strain for Post Liquefaction Lateral Displacement, [18]

5.4.2 Reconsolidation Settlement
Postliquefaction settlements occur during and aftetheprake shaking. For level grou

conditions the amount can be computed from themaettic reconsolidation strains induc
as the excess pore water pressures dis,[19]. Based on field experience during p
earthquakes, the amount of volumetric strain dep@mdpenetration resistance and the (
applied by the design earthquake. Curvroposed by Ishihara and Yoshi[19],are shown
in Fig.7 and indicate that vahetricreconsolidation strains can range between abo&t 0%
very loose sand to 1% for very densands. These curves are recommended for estin
post-liquefaction settlements.
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Maximum shear strain during undrained loading, ¥ ma (%)
Figure 7. Volumetric Reconsolidation Strains as a Function of Maximum Shear Strain and Relative Density, [19]

7. Results And Discussions

The geodynamic configuratioifor Baghdad cityand the observation of the Iraqi seist
acceleration map indicates t regions east of Tigris River have a high seismmebaration
(greater than 0.2g) while the region between Tignd Euphrates Rivers experiences a Ic
acceleration (0.1-0.2g), [4]herefore;there is need for the assessment of liquefa
potential & the Holocene solllie in this region Hence, structures located especially on tl
areas that are not designed for earthquake foreewa st affecte. Generally,Baghdad area
has extensive tracts of loose medium silty sandelow a shallow layer of cli. Due to
recurring seismic activity, there is a chance @ $oil being subjected to liquefaction. W
the collected bor&ole data, analysis for liquefaction is attemptesihg four SPT-based
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liquefaction triggering procedures for cohesionlessls. The process of liquefaction
evaluation had been performed depending on theesabhi acceleration that were obtained
from the seismic acceleration map and earthqualgnituales ranges from 4.5 to 7.1.

The results obtained from liquefaction analysislddae shown in Fig. 8 as safety factor
variation with depth. The examination of the resirt Fig.8 reveals that the soil in the seven
sites have susceptibility to liquefaction in ditfat degrees, depending on the seismic
properties, soil condition and its geotechnicalparnties. This finding coincides with the
thought that liquefaction occur in soils adjacemtrivers, lakes, bays and oceans, [17].In
addition, it is observed that acceleration has lgigtffect on the soil susceptibility to
liquefaction, while the Magnitude effect is verynlted as shown in Fig.8.Moreover, it is
found that site (S5) is the least susceptibledadfaction since it has as a minimum (§1)
greater than 15 blows at a depth of nearly 3m. Theans that the soil needs larger
acceleration to be prone to liquefaction. This Ibéra coincides with the description
presented by Ohasaki, [R&hich say that liquefaction is not a problem hietblow count
from a standard penetration test exceeds twicdepéh of the sample in meters.
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Figure 8. Continued

Also, it has been observed that there is somerdiffe in results of liquefaction triggering
procedures that were followed in analysis. Theedéhces in safety factor values for different
adopted methods, have been presented as contotlms @&tio of safety factor determined by
each method to the safety factor determined by N&Hocedure, i.e. k&g /FSuceer
FSvancouvelFSuceer , and FSupaneddSnceer These contours for all sites can be shown irBFig.
It is important to note that the mentioned methads based on case histories data largely
limited to depths less than 12m. For this rangeegths Idriss-Boulanger correlation gives
CRR values that are generally within +10% of theules obtained using the NCEER
procedure, [16]. The greatest contributors to thdiferences in the SF values obtained by
these three procedures are the baseline triggeonglation and the Krelationships. The
contours show that the differences in SF valued terbe negligible for Vancover procedure,
intermediate for Idriss and Boulanger proceduré, largest for the Japanese procedure. Thus,
the assessment of liquefaction for Baghdad soilngisdapanese procedure is not
recommended.
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Figure 9. Comparison of Liquefaction Analysis Procedures of Idriss and Boulanger (2004) , Vancouver (2007) ,
Japanese Highway Code and NCEER (1997) for Mw= 6 and amax=0.2g
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Figure 9. Continued

The seismic hazard analysis and the site charaatem efforts are often the most
important components of any probabilistic assessmehquefaction hazards. Considerable
differences in correlation procedures, especially darth dams whedepths of liquefiable
zones may be considerable, may affect scores dfi8Mi on yearly basis, [21].

Among the different procedures of liquefaction asseent, the 1996/1998 NCEER
workshop was last general consensus of commudity, [

Fig. 10 shows the variation of thickness of ligadfilayer which have been computed
using different methods. These computations haea beade at earthquake magnitude of 5.5
and 6 and acceleration of 0.2g and 0.25g for eaapnitude. It is clear that, whenever the
earthquake magnitude is greater the estimatedrtbgskof the liquefied layer is greater. Also,
it has been noticed that the thickness of the figddayer at a.x = 0.25g is greater than its
value at aa=0.29g for the same earthquake magnitude. The isergaacceleration amplitude
leads to reduce the soil resistance to liquefacfltre sites (S3, S4, and S7) revealed greater
thickness of liquefied layers while the other si(84, S2, S5, and S6) exhibit lower values.
This behavior is attributed to the geotechnicalpprties of each site such as relative density
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(Dr) and initial confining stress. The loose sal more susceptible to liquefaction than
medium soil.
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Figure 10. The Variation of Thickness of Liquefied Layer for all Sites Determined at (Mw = 5.5, 6 and a,= 0.2g
and 0.25g)

The liquefaction-induced lateral displacement inflell) and settlement of all sites which
had been investigated in this paper are illustrat€able 2. Throughout inspecting Table 2,
the results of site S7 will attract the sight anterest. The results of site S7 represent the
highest values of LDI and settlement. This may thebaited to the low relative density that
Site S7 has in addition to its nearest locatiomfrbigris River. The areas adjacent to rivers
are most commonly prone to liquefy, [22].

Table 2. Lateral Displacement Index and Settlement for all Sites (Determined at a,,,,=0.2)

Property Movement (cm)
site S1 S2 S3 S4 S5 S6 S7
Mw 5 6 5 6 5 6 5 6 5 6 5 6 5 6
LDI, [17] 0 0 6 6 5 3 3 2 0 0 4 3 70 69
Settlement, cm, [18] 0 0 3 3 3 2 2 1 0 0 2 1 15 14

The sites that studied in this paper lies alongigigiver have the same geologic origin
(Quaternary Sediments that range in age from Bsie to Holocene). Therefore, a thought
of using of all the results, which were obtainednirliquefaction evaluation, in statistical
analysis has been born. This analysis aims to dmdappropriate mathematical model that
expresses the relationship between a dependerdbiar(safety factor, FS) and a single
independent variable (corrected SPT blows,(N1)G@hHlevel of correlation (0.8R
<0.96)has been found between FS and (N1)60. Théiorelaetween these parameters is
represented graphically as a chart to use formnediry assessment of the liquefaction, as
illustrated in Fig. 11. Hence, this chart is goiade a helpful tool in saving time and cost, for
similar soils of comparable properties and condgiavith that used in this paper, so as to
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check soil susceptibility to liquefaction. Once taue of (N1)60 have known, the Safety
factor (FS) can be estimated according to the desagthquake and seismic properties of the
investigated area.

w
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Fig. 11:Proposed Chart for Assessment of Liquefaction of Soil in Baghdad

8. Conclusions

The evaluation of liquefaction susceptibility of ghelad soil in nature for engineering
purposes is performed based on different empipecatedures using Standard Penetration
Test results obtained by in-situ testing. The esien investigation of susceptibility of
Baghdad soil to liquefaction revealed the followganclusions:

1. The soils in the seven sites have susceptibilityliqgoefaction in different degrees,
depending on the seismic properties, soil condiiod its geotechnical properties.

2. It is observed that acceleration has highly effacthe soil susceptibility to liquefaction,
while the Magnitude effect is very limited.

3. It has been observed that there is some differemaesults of liquefaction triggering
procedures that were followed in analysis. The tgsgacontributors to these differences in
the SF values obtained by these three proceduedb@baseline triggering correlation and
the K relationships. The contours show that the diffeesnin SF values tend to be
negligible for Vancover procedure, intermediate Ifiniss and Boulanger procedure, and
largest for the Japanese procedure.

4. The NCEER (1997) Workshop, that has last generais@wsus of community, is
recommended in assessment of liquefaction for Baghdoil. While the Japanese
procedure is not recommended.

5. The highest values of LDI and settlement were okeskat site S7 which is the nearest site
from Tigris River in this study.

6. With the results obtained in this study, an attemmpbade to treat these results statistically.
High level of correlation (0.8R <0.96)has been found between FS and {NThe
relation between these parameters is representaphigally as a chart to use for
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preliminary assessment of the liquefaction for Bigh soil. This chart is going to be
helpful tool in saving time and cost.
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