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Abstract - Liquefaction became a major seismic phenomena just after the earthquakes occurred in Alaska and Niigata in 1964. Soil
liquefaction is one of the most important causes of damages induced by earthquakes. Liquefaction can be defined as temporary loss of
strength of saturated, coheisonless soil deposits under transient and cyclic loading due to excess pore water pressure generation.
Consequently, the most appropriate and typical soil condition which brings the potential out to liquefy is loose sand with a groundwater
table close to ground surface. This study is concerned with determination of liquefaction potential in a coastal region in Atakum
County of Samsun Province, Turkey. Therefore, empirical equations were used to determine the peak ground accelerations for three
scenario earthquakes with the magnitudes of 6.5, 7.0 and 7.2 in order to consider in the Simplified Procedure context proposed by Seed
and Idriss (1971). Liguefaction potential evaluations were performed using SPT blow counts for four boreholes for sandy portions of
the soil profile which exist in the first 20 meters below ground surface. In addition to analytical evaluations, two dimensional nonlinear
analyses were ran with Towhata-lai constitutive model suitable for liquefaction analysis available in DIANA finite element software to
clarify excess pore pressure generation that leads to liquefaction. Finally, all the results are presented and discussed as a conclusion.
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1. Introduction

Liguefaction became a major seismic phenomena just after the earthquakes occurred in Alaska and Niigata in 1964
[1]. The North Anatolian Fault Zone (NAFZ) caused a devastating earthquake (My=7.2) in Ladik in 1942 which extends
along south of study area in Atakum with a distance of 55 km approximately. Hence, it becomes an important issue to
evaluate liquefaction potential for coastal regions of Atakum County since it has soils with alluvial origin and has high
groundwater level.

This study aims to evaluate the liquefaction potential and liquefaction induced settlements in study area (Fig.1) for
three scenario earthquakes with the magnitudes of 6.5, 7.0 and 7.2. The most common in-situ test and method used for
assessment of liquefaction potential is Standard Penetration Test (SPT) and Simplified Procedure proposed by Seed and
Idriss (1971) respectively.

Standard Penetration Tests were performed through four boreholes at depths that are multiples of 1.5 m down from
the surface. Soil sections in these boreholes and corrected SPT-N values can be seen in Fig. 2 and the geotechnical
properties of the soils obtained by laboratory tests are given in Table 1. As can be seen in Fig. 2, the soil profile forms of
surface soil uppermost. The thickness of this surface soil alters from 0.8 m to 2.2 m above the sand and silty sand portions
located in between the overburden and 16.5 m approximately. According to the case studies, the soil susceptible to
liquefaction usually extends from the ground surface to a depth of 15 m. It’s because deeper soils have higher confining
pressures, generally preventing liquefaction. However, it is common to evaluate liquefaction potential to a depth of 20 m.
In the study area, clay strata takes place between the depths of 16.5 m to levels deeper than 20 m which ensures it is
sufficient to determine liquefaction potential for the top 16.5 m.
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Fig. 1: Study area.

Table 1: General properties for soil.

Water Mass Sieve Analysis Atterberg Limits
sortee | SR | OO | O O [ SIS e [ o | el
(%) | (KN/m3) | (%) (%) (%) | (%) | (%)
SPT 4.50-4.95 10.6 - 97 3 Non-plastic SW
SPT 10.50-10.95 | 17.9 - 95 5 Non-plastic SW-SM
BH-1 UD | 18001850 | 27.9 194 | 11 89 33 | 21 | 12 CcL
SPT 2250-2295 | 25.4 19.7 79 21 Non-plastic SM
Core Drill | 28.00-28.10 | 24.0 18.1 Non-plastic
BH-2 SPT 6.00-6.45 22.0 - 94 6 Non-plastic SW-SM
SPT 9.00-9.45 204 - 92 8 Non-plastic SW-SM
SPT 3.00-3.45 24.4 - 79 21 Non-plastic SM
SPT 15.00-15.45 | 22.3 - 73 27 Non-plastic SM
BH-3 SPT 17.50-17.95 | 27.0 - 10 90 Non-plastic ML
SPT 21.00-21.45 | 20.2 - 82 18 Non-plastic SM
Core Drill | 29.00-29.20 20.1 19.7 Non-plastic
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Flg 2: Soil sections and corrected SPT values along four boreholes.

2. Determination of Liquefaction Potential

The most common type of analysis to determine the liquefaction potential is to use the SPT [3,4]. The analysis is
based on the simplified method proposed by Seed and Idriss (1971) which is commonly known as the Simplified
Procedure.

2.1. Cyclic Stress Ratio
In Simplified procedure, Cyclic Stress Ratio (CSR) has to be found using equation below[2,4]:

O d
CSR = 0.65 14 (GV") ( ";X) (1)
Vo

In Eq. (1), amax is the peak ground acceleration, rq is depth reduction factor and both can be respectively determined
with the following equations:

Amax = 2.8(60'9MW x @ 0.025R _ 1) (2)

(1.000 — 0.4113z%° + 0.04052z + 0.001753z>)
(1.000 — 0.4177z°5 + 0.05729z — 0.006205z15 + 0.001210z2)

@)

rq =
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In Eq. (2), My is the magnitude of scenario earthquake and R is the distance to fault [5]. In Eq. (3), z is the depth
beneath ground surface in meters [6].

2.2. Cyclic Resistance Ratio
The other essential component of Simplified Procedure is the Cyclic Resistance Ratio (CRR) which is calculated
from the equation below:

1 N1 60 50 1
+ =20 — (4)
34— (Ny)go 135 ' [10.Nygo +45]2 200

CRR;, 5 =

In EQ. (4), Nieo is the SPT blow count normalized to an overburden pressure of approximately 100 kPa and a
hammer energy ratio of 60 % [6]. The following equation can be used to calculate Ny eo:

N1,60 = 0-75(CN)(CR)Nm (5)

In Eq. (5), Cr is the correction factor for rod length which can be taken from Table 2 [4] and Cy is the overburden
stress correction factor [6] that might be smaller than 1.60 [7], can be calculated by the equation below [8]:

Cn = (Pa/0y0)>® (6)
Cn is used to normalize SPT blow count to an effective overburden pressure ¢ vo Of approximately 100 kPa P, [6].

Table 2: Rod length correction factors

Rod Lenath | Cg
<3m 0.75
3-4m 0.8
4—-6m 0.85
6—10m 0.95
10—-30m 1.0

2.3. Factor of Safety Against Liquefaction
The final step in Simplified Procedure is to determine the factor of safety (FS) against liquefaction:

CRR, 5
FS =
5= R

MSF (7)

In Eq. (7), MSF is the magnitude scaling factor and has to be applied when the earthquake magnitude is not 7.5,
cause the CRR calculated from Eq. (4) is for the earthquakes with a magnitude of 7.5. Magnitude scaling factors and peak
ground accelerations calculated for three scenario earthquakes can be seen in Table 3.

The higher the factor of safety, the more resistant the soil is to liquefaction. However, soil that has a factor of safety
slightly greater than 1.0 may stil liquefy during an earthquake. For example, if a layer liquefies, then the upward flow of
water could induce liquefaction of the layer that has a factor of safety slightly greater than 1.0 [4]. Hence, in most cases,
for the values of factor of safety between 1 and 1.2, it’s considered that there still is a risk of liquefaction [9].

The values of factor of safety against liquefaction for four boreholes in the study area which has clean sand and silty
sand layers for about 15 m was determined for three different scenario earthquakes and given in Fig. 3 and Table 4.
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Table 3: Magnitude scaling factors and peak accelerations.

Magnitude (Mw) | amax | MSF
6.5 0.248 | 1.442
7.0 0.39 | 1.192
7.2 0.468 | 1.109

Table 4: Factor of safety against liquefaction.

Depth | GWT Mw=6.5 | M\w=7.0 | My=7.2
Borehole (m) (m) N1.60 s s s
15 2430 | 279 147 1.03
3 1027 | 182 0.96 0.74
45 1762 | 138 0.73 0.56
6 18557 | 133 0.7 0.54
75 1815 | 123 0.65 0.50
BH-1 9 28 955 [ 131 0.69 0.53
105 2169 | 148 0.78 0.60
12 2051 | 140 0.74 0.57
135 1050 | 137 0.72 0.56
15 1862 | 137 0.72 0.56
15 - - - -
3 2211|206 1.08 0.84
45 1862 | 142 0.75 0.58
6 10.04 | 141 0.74 0.57
75 1866 | 125 0.66 0.51
BH-2 9 26 53071 [ 160 0.84 0.65
105 2182 | 147 0.77 0.60
12 2062 | 139 0.73 0.57
135 1059 | 136 0.72 0.56
15 1871 | 136 0.71 0.55
15 2250 | 634 134 0.92
3 2195 | 188 0.99 0.77
45 1048 | 141 0.74 0.57
6 2318 | 162 0.85 0.66
75 2269 | 15 0.80 0.62
BH-3 9 22 o33 isa 0.81 0.63
105 2200 | 145 0.76 0.59
12 2085 | 138 0.72 0.56
135 1079 | 135 0.71 0.55
15 18588 | 134 0.71 0.55
15 2430 | 2.19 147 103
3 2478 | 220 116 0.90
45 2000 | 143 0.75 0.58
6 2657 | 202 1.06 0.82
BH-4 75 21 o301 [ 162 0.85 0.66
9 2368 | 157 0.83 0.64
105 2216 | 144 0.76 0.59
12 2090 | 137 0.72 0.56
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Fig. 3: Graphical presentation for factor of safety against liquefaction.

3. Excess Pore Pressure Ratios

Theoretically, liquefaction occurs when the effective stress of soil is reduced to essentially zero, which leads to a
complete loss of shear strength or in other words, the increase in pore water pressures causes the effective stress to become
equal to zero. So, the soil behaves as a liquid. But, according to the studies aimed to compare in situ and laboratory pore
pressure responses, it’s understood that a value greater than 0.9 is enough for excess pore pressure ratio to generate
liquefaction [10,11].

In this study, DIANA finite element software was used for the numerical analysis of excess pore pressure generation
in which Towhata-lai constitutive model is suitable for such kind of analysis. Finite element model and material properties
for the soil layers can be seen in Fig. 4 and Table 5 respectively.

Time history of 1999 Diizce Earthquake with peak acceleration value of 0.513 g (WE component) was applied to the
model (with the dimensions 18 m * 16.5 m) after scaling the peak values of accelerations to fit those in Table 3.

Excess pore pressure ratio values obtained from the numerical analyses can be seen in Table 6 and Fig. 5. These
values generate after approximately 11 seconds (rise steadily until 11 seconds) and hold at the rest of the motion.

Table 5: Material properties for soil layers.

Layer D(erﬁ]))th (E;,V;) Grer (kPa) | Kuet (kPA) | E (kPa) | Si |Wi| Pi | Py | G
ZEM1 1 17.6 - - 91703 - - - - -
ZEM2 2.5 44 51417 111403 | 144996 | 0.005| 4 | 0.78| 1 |18
ZEM3 | 675 | 827 | 70490 | 152730 | 198784 | 0.005| 7 | 078 1 | 15
ZEM4 | 135 | 1502 | 94998 | 205829 | 267895 | 0.005 | 10 | 078 | 1 | 15
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Table 6: Excess pore pressure ratios.

Excess pore pressure ratio (ry)
Depth (m) amx=0.25¢ | amax=0.399 | amax=0.468 g

2-3 0.957 0.978 0.968
3-4.5 0.895 0.958 0.965
4.5-6 0.87 0.964 0.967
6-7.5 0.793 0.962 0.966
7.5-9 0.705 0.957 0.96
9-10.5 0.544 0.951 0.964
10.5-12 0.727 0.82 0.889
12-13.5 0.675 0.91 0.92
13.5-15 0.283 0.862 0.925
15-16.5 0.105 0.311 0.892

iDIANA 9.5-05 : Ondokuz Mayis University 13 DEC 2014 11:30:37 marerd

Fig. 4: Finite element model.
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Fig. 5: Graphical presentation of excess pore pressures.
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4. Conclusion

Results obtained from the analyses with simplified procedure as well as numerical analyses with DIANA finite

element software using Towhata-lai constitutive model indicate that liquefaction phenomena importantly needs to be
considered for the study area especially for the probable earthquakes with the magnitudes bigger than 7.0. This must be
kept in mind for future structuring and also for existing superstructures and infrastructures in the area based upon the
reality that liquefaction induced settlements, tilting and rupture of structures are one of the most hazardous manifestations
of earthquakes.
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