Estimation of settlement on loose soil under earthquake action

[.Khoudi
University of MouloudMammeriTtizi-ouzou Laboratory of Geomateriel, Environment and Amenagement,
LGEA, Algeria

N.Laouami
Earthquake Engineering Applied Researche center CGS, Hussein Day Alger

R. Bahar
University of Science and of the TechnologyHouariBoumedien Laboratory LEEGO. Algeria

ABSTRACT: The assessment of the seismic vulnerability of structures requires a good
knowledge of the behaviour and damage of the ground under seismic action. Settlement
is one of the damage indicators which is a major problem for the stability of structures.
The objective of the present study is to select the seismic damage indicator that allows a
better prediction of settlement in a loose soil type and to study the vulnerability of
structures built on this type of soil. Correlations are then established between the soil
response and the strong ground motion parameters. Soil settlement is then classified into
four categories according to the degree of damage to existing structures, which defines
the seismic vulnerability of the building.

1 INTRODUCTION

The vulnerability study of structures requires predicting the behavior of the ground which will
receive the constructions and estimating the likely damage following an earthquake. In the
literature, there are several parameters of motion, which play an important role in the
description of the seismic response of both the soil and structures. According to Khoudi and
al. [1], The reduction and prediction of seismic hazard for different types of structures relies
on the correct choice of seismic loading to which the structures are subjected. And they
conclude, using 200 real accelerograms, that the total volumetric strain (&) of the soil has a
poor correlation with the peak ground acceleration (PGA) and a best correlation with the
cumulative absolute velocity (CAV). Although, PGA has been used as a dominant parameter
in structural and earthquake engineering research, some studies have shown that this
parameter provides a poor correlation for representing the structural damage Kostinakis, and
all [2]. In Chenna Rajaram's [3] contributed to set a novel ranking scheme using multivariate
analysis, a correlation between building damage, ground motion parameters and input energy
are made. They conclude that peak ground acceleration (PGA) alone may not lead to
extensive damage to buildings. A moderate correlation with root mean square acceleration,
characteristic intensity, sustained maximum acceleration and effective design acceleration
was found with seismic damage to low-rise buildings. In addition, a weak correlation was
observed between the seismic damage of high-rise buildings, tall buildings and (V/H), PGA,
arms.

Muhammet Kamal and Mehmet Inel [4] to estimating damage potential of building models
correlation between ground motion parameters and displacement demands of mid-rise RC
buildings on soft Soils are made. Housner intensity HI is the most representative parameter



then all parameters. Moreover, V., VSI, SED, SMV, and PGV have R? values greater than
0.70. The lowest correlation value was obtained for the A95 parameter. The potential damage
of the structure depends on the energy and frequency content, the number of cycles, density
and duration, the ground motion record Elnashai, and al [5] Moustafa,[6]. However, to
underline the importance of taking into account relation between soil damage and seismic
indicators in the dynamic analysis of structures, this work aims to predict settlement in a loose
soil type and to study the vulnerability of structures built on the type of soil using selected the
earthquake harmfulness indicator.

2 SETTING AND METHODS

To establish this study we carried out several steps, the first step is the non-linear modeling of
a loose type soil using a database of 400 accelerograms. Fig.1 represents the distribution of
the database in function of magnitude Mw and peak ground acceleration PGA. The records
are provided by United States geological survey strong ground motion database downloaded
from the web site of USGS. The modeling tool is the Plaxis finite element software PLAXIS
[7] which is equipped with a non-linear behavior model. The next step consists of establishing
a correlation analysis between the ground response which is settlement and the seismic
movement parameters which represent earthquakes. The parameters used are: peak ground
acceleration PGA, peak ground velocity PGV, Housner intensity I, aria intensity I,
cumulative absolute velocity CAV, root mean square acceleration A;,s, Root mean Square
Velocity ViysAmina and all [8].

The prediction model proposed will be controlled. To validate the performance of the
prediction model a model performance assessment indexes were calculate. Value accounts for
VAF, Root mean square error REMS, Adjusted determination coefficient AdjR? and
Performance Index PI are the model performance parameters used Khoudi and al [9] Sayadi.
A and all [10]. Rahul Ray al [11]. Also, a residual analysis is required to testing the validity of
regression model. Last step concerns the study of the risk assessment on building of based
on the results given by the correlations.
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Figure 1. Distribution of recordings used in terms of Magnitude M,, as a function of Acceleration PGA .



3 RESULTS AND DESCUTION

From the dynamic soil modeling the soil response came out. Given the damage that can be
observed due to the soil settlement during an earthquake, settlement is taken as an indicator of
ground damage during an earthquake. The correlations made between the soil settlement and
the indicators of harmfulness of the earthquake revealed that the root mean square velocity
Vims 18 the parameter which represents the most of the settlement of the ground Fig.2.
Therefore, a settlement prediction model is provided in this study.

y =1,5121x + 1,5669
R%2=0,9186
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Figure 2. Correlation betweenLog;oU, and LogoVms Where it has noted strong correlation with R?= 0,918.

Equation 1 represents the prediction model proposed in this work. It has been revealed by the
regression analysis between Uy and V.

Uy = 1.5121 Vs + 1.5669 (1)

The higher values of VAF show an improvement on the prediction capability and the lower
the RMSE indicate the better performs of the model. If the VAF is 100 and RMSE is 0, then,
the model performs is excellent. Adj R? shows how much the model used variability in
earthquake attributes. More the values closer to 1 and also closer to coefficient of
determination R? depicts the best model used and Performance Index (PI) value shows the
level of soft computing model’s performance. Model is less biased and more accurate in
prediction the factor of safety of soil slope. (Ray & Roy, 2021). However, the obtained
results show that the prediction model proposed performs well with VAF =92%, RMSE
=0.30, Adj R?= 0.9313 and R?=0,92, PI= 1.55. Fig3 shows the scatter plot of the standard
deviation of the residuals for the interval of 95% of confidence. It is observed that the residual
plot are unstructured, this then would mean that the regression analysis has been successful in
explaining the essential part of the variation of the observed soil settlement.
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Figure 3. Point clouds of standard Errors at 95% confidence.

Equation 2 is the final empirical formulation of the straight shown in the Fig 4. Fig 4 give
adjusted correlation between root mean square velocity and the settlement of soft soils
However, the estimation of settlement as a function of Root mean square velocity allows the
good select of seismic scenario for earthquake building structures

Uy = 1.523 Vs + 1.5991 (2)

y =1,523x + 1,5991
R2=0,9313
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Figure 4. Correlation betweenLog10Uy and Log10Vrms where it has noted strong correlation with R?= 0,931.

Finally, the risk assessment on the buildings is made in order to study the vulnerability of the

settlement of the constructions constituted on loose type soil following Table 1 summarizes
the assessment carried out.



Table 1: Pathologies correspondant a chaque plage du Tassement

Risk-level Settlements  v;,s(cm /sec) Description of pathologies

- Verified service condition
- Undamaged structure
- sanitation and AEP networks do not suffer
any disorder
- Low disorders.
- The structure remains unchanged.
Medium  50-100 mm 1.16- 1.83 - Service status may not be verified
risk - Leaks in vital networks
(Sanitation, Gas, water).

Negligible  00-50 mm w00 6f1 16
risk .

-The structure is starting to suffer.
- Significant cracks at the level of secondary
elements (with risk of overturning of
High 100-250 mm 183-2.16 certain walls).
risk - Supporting elements can be affected, no
ruin.
- Possible reinforcement of structures, service
state exceeded

- Weakened structure, danger to human beings
possible.

- Structure will no longer withstand another

Major 250-720 mm 2.16- 6.70 shock
risk - Construction to be demolished (comfortably

impossible or very expensive).

- Total or partial ruin of the structure leading
to compulsory evacuation.

4 CONCLUSION

To carry out this study, which falls within the framework of this scientific, a combination
between the indicators of strong seismic movement and the settlement of the ground has been
carried out to estimate and study the risk of settlement of a structure built on isolated footings
under seismic stress. To study the risk assessment on the building, a vulnerability study is
made.

Based on the prediction equation established in this work, an assessment of the effect of
seismic movement on structures built on isolated foundations is then carried out. This
vulnerability study proposes a classification of the level of risk of soil compaction, divided
into four categories (acceptable, low, medium and high). Consequently, the pathologies
observed for each category, corresponding to a series of earthquakes, have been defined.
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