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ABSTRACT

Ethiopia's capital, Addis Ababa, is situated near the edge of the Ethiopian Rift System, an
area with moderate seismic activity. The city is vulnerable to earthquakes due to its
geographic location. Because the characteristics of soil affect seismic wave propagation,
amplification and attenuation, studying site effect is crucial for earthquake investigations
in a particular location. For this purpose, a two-dimensional ground response analysis is
performed using soil data from geotechnical investigation reports and multi-channel
analysis of surface waves (MASW) to characterize the soil profile of selected sites at five
sub cities that are found on the South — Western part of Addis Ababa and to determine
how these locations affected the input ground motions. Considering the local geology and
tectonic circumstances, the input ground motions are selected from the PEER ground
motion database. Ground response analysis is conducted using the input soil data and five
ground motions at the ground surface in the PLAXIS 2D software. And based on the results
and shape file of the study area, Seismic micro zonation map is produced. The results of
the analyses indicate that the selected sites have a significant potential for amplifying
ground motions. This amplification is notably higher than current local code specified
predictions but near to NEHRP provisions. Therefore, it is recommended to revise the local
code spectra and conduct a detailed investigation and mapping of the rest six sub cities of

Addis Ababa to ensure accurate seismic risk assessment and improve safety measures.
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

CHAPTER ONE

1. INTRODUCTION

1.1. Background

Studying site effect is essential for earthquake studies in a specific area because soil
properties influence seismic wave propagation, amplification, and attenuation. Site effect
has emerged as a major concern in geotechnical earthquake engineering among all the
parameters that influence strong earthquake ground motions. These variables include the
earthquake's size, its distance from the epicenter, the length of the ground motion, the wave
path's geology, its frequency, and the region's soil characteristics (Getu, 2022). As a result,
the site has a visible impact on either amplifying or attenuating the ground response when

an earth quake happens at the site.

Ethiopia's capital, Addis Ababa, is situated near the edge of the Ethiopian Rift System, an
area with moderate seismic activity. Because of its location, the city is susceptible to
earthquakes. It is essential to comprehend and get ready for the seismic dangers if Addis
Ababa's population and infrastructure are to be secure and resilient. In the recent past, it
has had several earthquakes with magnitudes up to MS 6.8. There have already been
several destructive earthquakes in the area. On certain cases, a handful of the city's
engineering structures suffered minor damage as a result of these earthquakes. Among the
notable earthquakes that occurred within that period were the 1906, 1960, and 1961
earthquakes, with respective magnitudes of 6.8, 6.3, and 6.7 (Mammo, 2005).

If an earthquake were to strike a city like Addis Ababa, the consequences could be
significant and wide-ranging. The seismic forces could cause substantial structural
damage, leading to the collapse or severe damage of buildings and infrastructure across
the entire city. Such destruction would not only result in the loss of homes and businesses
but also disrupt critical services like transportation, water, and electricity. The impact on

human lives would be significant, with potential injuries and losses.

Depending on the level of detail being studied and the complexity of the study, one, two,
or three-dimensional methods can be used to represent the site conditions and conduct

ground response analysis.
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1.2. Objectives
1.2.1. General Objective

The general objective of this study is to investigate the ground response analysis in the
selected South - Western part of Addis Ababa.

1.2.2. Specific Objectives

The following specific objectives are comprised:

e Characterizing selected sites in South - Western part of Addis Ababa by the
integration of geotechnical investigations and geophysical techniques.

e Investigating whether the chosen sites have the ability to amplify or attenuate the
input seismic ground motions;

e Determining mean response spectra of the sites and making comparison with code-

specified spectra.
1.3. Scope of the study

In order to conduct a large-scale investigation into the ground amplification or attenuation
potential of the soil in Addis Ababa, a complete site characterization of the entire city is
required. However, such an investigation would involve significant time and financial

resources, which are beyond the scope of this particular study.

Instead, this study takes a narrower approach by focusing specifically on the South -
Western part of Addis Ababa specially five sub cities with in the region. This particular
section is of special interest due to its significance and potential vulnerability to seismic
events. Within this scope, the study collects and examine existing geotechnical
investigation reports to obtain essential soil data. Additionally, geophysical tests are
conducted in selected areas. These reports serve as valuable sources of information which

is used as input for the ground response analysis.

The analysis method of this study is two-dimensional ground response analysis, as it
provides a detailed representation of the selected sites, which optimizes the accuracy of
the ground response analysis.

MSc Thesis Page 2
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1.4. Methodology

Two-dimensional ground response analysis is performed on selected sites in the South -
Western part of Addis Ababa to examine their potential for amplifying or attenuating
earthquake ground motions. To conduct the study, geotechnical and geophysical data is
collected from construction companies in the area and through Multi-Channel Analysis of
Surface Waves (MASW) tests in selected areas respectively, offering valuable insights
into subsurface conditions and seismic characteristics down to a minimum depth of 30

meters.

After collecting data from both geotechnical and geophysical tests, the ground motions
used as input are sourced from the PEER ground motion database, taking into account the
geological and tectonic conditions specific to the study area, and the ground motion
analyses have been carried out using PLAXIS 2D software, as two-dimensional analysis
necessitates finite element software. Chapter four provides comprehensive details on the
procedures, methods, and input parameters employed in this study.

Based on the analysis results collected from the PLAXIS 2D software, a seismic micro
zonation map of the five sub cities in the South - Western part of Addis Ababa is produced
using Geographic information system (GIS) software.

1.5. Outline of the study

There are seven chapters in this study. Chapter 1 introduces the study’s objective, scope,
and methodology. Chapter 2 provides a literature review of previous research on how soil
responds to cyclic loading and presents techniques for analyzing ground response analysis.
Chapter 3 describes the location, topography, geology, and seismic hazards of the study
area. Chapter 4 focuses on data collection, processing, and the methodologies employed
in geotechnical and geophysical methods, Chapter 5, describes the ground motions used
as input for the analysis. In Chapter 6, the findings of the ground response analyses and
micro zonation map are presented. Finally, Chapter 7 summarizes the conclusions drawn

from the analysis results and provides recommendations based on those conclusions.
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CHAPTER TWO

2. LITERATURE REVIEW

2.1. Behavior of soils under cyclic loading

The hysteresis loop shown in Figure 2-1 might be seen in a typical soil that is under a flat
ground surface, distant from surrounding structures, and exposed to symmetric cyclic
stress as one might expect. There are two approaches to characterize this hysteresis loop:
first, by looking at the loop's actual route. Secondly, by characteristics that depict its
overall form. Generally speaking, the inclination and width of a hysteresis loop are two

crucial aspects of its shape (Kramer, 1996).

Figure 2-1: Hysteresis loop showing Secant and Tangent shear modulus (Kramer, 1996)

The tangent shear modulus Gtan can be used to characterize the soil's stiffness at any
stage of the loading process, which determines the loop's inclination. And, Gian fluctuates
over a loading cycle, but the secant shear modulus can roughly represent its average

value across the whole loop (Kramer, 1996).

2.1.1. Shear modulus reduction curve

The shear modulus is one of the most important soil parameters used for the dynamic
response analysis of the soil. The determination of these parameters at low strain level is
done by geophysical technique. This parameter's key benefit is that it may be utilized to

vary in response to strain, allowing the soil reaction to accurately reflect the modulus of
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degradation in the behavior of the soil. The stiffness matrices for the finite element analysis
of foundation soils and earth structures are defined using this parameter (Luna & Jadi,
2000).

The shear modulus reduction curve, or G/Gmax curve, illustrates how the stiffness of a
material decreases with increasing shear strains or cyclic loading. It shows the ratio of the
current shear modulus (G) to the maximum shear modulus (Gmax). This curve is crucial in
understanding the material's behavior, energy dissipation, and potential for liquefaction or

deformation under different loading conditions.

Maximum Shear modulus denoted as Gmax, refers to the peak or maximum value of the
shear modulus that a material can attain. The measured shear wave velocities can be used

to compute Gmax (Kramer, 1996).

Gmax = stz (2.1)

The slope at the origin (zero cyclic strain amplitude) represents the largest value of the

shear modulus, Gmax (Kramer, 1996).

— A Modulus reduction curve

Backbone

Gee! curve

>

Te Y

(a) (b)

Figure 2-2: (a) backbone curve. (b) modulus-reduction curve showing typical variations of Gsec
with (Brinkegreve, 2005) shear strain (after Kramer 1996)
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2.1.2. Damping curve

The other material curves to consider are damping curves, which represent the breadth of
a hysteresis loop. These curves signify the extent of energy dissipation caused by the
movements of soil particles. Damping is the dissipation of energy within a system, which
results in the gradual reduction of oscillations or vibrations over time. Different damping

mechanisms are used to dissipate the kinetic and strain energy of a vibrating system (Chopra,
2012).

f __wp _ 1 Aloop

= = 2.2
4TTW 27 GgecY % (2:2)

Where: Wp is the dissipated energy,

Ws is the maximum strain energy and
Aloop is the area of the hysteresis loop
Gsec is the secant shear modulus

Yc is the shear strain
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Figure 2-3: Variation of damping ratio of soils with cyclic shear strain and plasticity index
(Dobry & Vucetic, 1987).
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2.2. Ground Response Analysis

Ground response analysis is a computational method used to evaluate the behavior of soil
layers during seismic events. The analysis aims to understand how the ground motion is
modified as it propagates through different soil layers at a specific location. Ground
response analyses (GRA) need to be performed for obtaining ground motions at surface
level for a chosen bed rock motion (Kumar & Krishna, 2013). GRA is used to predict
ground surface motions for different purpose. These include development design response
spectrum, evaluation of dynamic strain and stresses and for liquifaction hazard analysis
and determination of earthquake induced forces that can lead to instability of geotechnical
structures (Kramer, 1996). So that conducting a ground response analysis is essential when
evaluating the behavior of the ground surface during an earthquake event.

Ground response analysis can be excuted by either one-dimensional, two-dimensional, or
three-dimensional methods. These include the complexity of the geological conditions, the
accuracy required for the study, the computational resources available, and the specific
objectives of the analysis. Each method offers different levels of detail and precision, with

three-dimensional methods providing the most comprehensive results.

2.2.1. One Dimensional Ground Response Analysis

Considering the presumption that all boundaries are horizontal and that SH-waves
propagating vertically from underlying bedrock are the primary cause of a soil deposit's
response, one-dimensional ground response analysis is conducted. The horizontal
direction of the soil and bedrock surface is assumed to be limitless in one-dimensional

ground response analysis (Kramer, 1996).

In this analysis method, the ground is typically idealized as a series of horizontally layered
soil or rock strata. Each layer is characterized by its mechanical properties, such as shear
modulus, damping ratio, and density. The analysis assumes that the ground motion is
vertically propagating and that the soil layers are laterally homogeneous. This analysis
method can effectively evaluate the response of levelled or gently sloping grounds. In the
context of ground response analysis, the 1-D analysis is helpful for sites that are flat or

gently sloping and have parallel material limits (Arjuna et al., 2021).

One-dimensional ground response analysis can be conducted using three different

methods. These methods vary in simplicity and accuracy of representation. The methods
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include linear analysis, which is the simplest, equivalent linear analysis, and non-linear
analysis, which provides the detailed representation of the analysis. Each method offers a

different balance between complexity and accuracy.

2.2.2. Two-Dimensional Ground Response Analysis

Two-dimensional ground response analysis refers to the analysis and modeling of soil
behavior and ground motion in two dimensions. Techniques for the solution of such
problems have been developed using both frequency domain (complex response) methods
and time domain (direct integration) methods. It involves considering the vertical and
horizontal responses of the soil to dynamic loading, such as seismic waves or vibrations
from structures. Sloping or irregular ground surfaces, the presence of heavy structures or
stiff, embedded structures, or walls and tunnels all require two-dimensional analysis
(Kramer, 1996).

The presence of a soft soil valley and/or a hill are considered to contribute to the acceptance
of 2-D numerical schematizations due to the focalization of seismic waves at the valley's
ground surface and at the crest, respectively (Arjuna et al., 2021). The inherent complexity
of sites, characterized by varying soil properties and topographical features, necessitates a

two-dimensional ground response analysis.

This method enables a more accurate representation of spatial variability and boundary
effects, providing crucial insights into seismic response across diverse geological settings

and aiding in effective engineering design and risk mitigation.

2.2.3. Three-Dimensional Ground Response Analysis

In some instances, two-dimensional idealizations might not be able to capture the actual
features and hence, three-dimensional analysis may be necessary. With this three-
dimensional analysis it is possible to investigate the amplification and damping in
earthquake wave amplitudes considering the actual prevailing conditions at a site (Dogan,
2023). Even though the analysis approach is sophisticated, it will be necessary to analyze
the site in three dimensions due to the level of heterogeneous environment present in the

area.

If soil conditions exhibit three-dimensional variability, if problem boundaries vary in three

dimensions, and if the response of three-dimensional structures is of concern, conducting
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three-dimensional analysis is essential for the specific project. Three-dimensional dynamic
response problems are treated in much the same way as two-dimensional problems
(Kramer, 1996). These analysis methods remain largely consistent; however, three-
dimensional analysis necessitates the inclusion of complex geometries and loading

conditions.

The dynamic response and soil-structure interaction problems for the higher dimensions
are often solved using dynamic finite element analysis (Kramer, 1996). Different finite

element methods can be used to carry out this ground response analysis.

2.3. Finite Element Analysis

Finite element method has proven to be very effective in solving problems with bounded
domains, particularly when in homogeneities and nonlinear effects should be treated
(Kamalian et al., 2006). The region to be analyzed is discretized into several elements in
this method of analysis. Using this finite element method, the responses at each nodal point
in each stage of the analysis can be investigated (Arjuna et al., 2021). Conducting finite
element analysis for each element helps combine the nodes, representing the entire ground

response. This method ensures an accurate representation of the ground's behavior.

Several finite element software are capable of modelling geotechnical engineering
problems (Arjuna et al., 2021). These commonly used soft wares include PLAXIS 2D,
PLAXIS 3D, FLAC 3D, and ABAQUS. Choosing the appropriate software depends on

available resources, and specific features offered by each software.

2.4. Constitutive Models

Constitutive models form the qualitative description of material behavior; whereas the
model parameters further quantify the soil’s behavior (Brinkgreve, 2005). These models
vary from simple linear elastic to intricate nonlinear advanced formulations depending on
the complexity of the soil behavior being analyzed. The Mohr-Coulomb model is one of

the most commonly used constitutive models in geotechnical engineering.

The Mohr- Coulomb model involving five parameters, namely the two elastic parameters
from Hooke’s law (Young’s modulus, E, and Poisson’s ratio, v ), the two parameters from

coulomb’s failure criterion (the friction angle, ¢ and cohesion, c¢) and dilatancy angle, ¥
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is used. The Mohr-Coulomb failure contour's hexagonal shape closely matches the stress
combinations that lead to failure in actual soil samples. As a result, this model works well

for analyzing the stability of geotechnical structures (Brinkgreve, 2005).

2.5. Dynamic Soil Property Measurement

The evaluation of dynamic soil properties is one important task while solving geotechnical
earthquake engineering problems (Kramer, 1996). The test provides valuable
understandings into subsurface conditions, enabling a more accurate representation of site-
specific characteristics. They play a significant role in characterizing soil properties,

assessing seismic hazards, and contributing to geological and geotechnical mapping.

To characterize the properties of soil, there are a number of laboratory and field
tests. Laboratory tests are typically conducted on relatively small samples that are thought
to be indicative of a larger body of soil. The ability of laboratory tests to accurately
evaluate soil properties depends on their capacity to duplicate the initial conditions and the
loading conditions of the problem of interest, whereas field testing enables in-situ
measurements of soil parameters. Sampling is not necessary for field tests, as it can change
the stress, chemical, thermal, and structural properties of the soil samples. Therefore, it is
beneficial to apply field testing to interesting problems (Getu, 2023). To be ready for the
field test, a few more tests must be conducted. When choosing testing procedures to
quantify dynamic soil properties, careful consideration and understanding of the specific

problem at hand are necessary (Kramer, 1996).

The next section describes the two field test methods that are currently in use: Multi —

Channel Analysis of surface waves (MASW) and seismic refraction survey.

2.5.1. Multi - channel Analysis of Surface Waves (MASW)

Multi - channel Analysis of Surface Waves (MASW) is a geophysical method used for the
characterization of subsurface materials and the determination of shear wave velocity
profiles. The MASW technique offers several notable advantages, making it an excellent
choice for site characterization. One such advantage is its capacity to provide a substantial
investigation depth of approximately 30 meters. Recently, MASW has been created as an
alternative to conventional high-resolution seismic methods. It operates at comparatively

lower frequencies and shallower study depth ranges (Ark et al., 2007). This depth range
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allows for a comprehensive understanding of subsurface conditions, enabling effective site

assessment and characterization.

Three steps are involved in the process of producing a shear wave profile through spectral
analysis of surface waves: obtaining ground roll, creating a dispersion curve (a plot of
phase velocity versus f), and then inverting the calculated dispersion curve to calculate the
shear wave profile (Vs). To precisely calculate the Vs profile, broadband ground roll must
be generated and captured with the least amount of noise (Park et al., 1999). Combining
dispersion images processed from active and passive data sets is frequently helpful or
required for two reasons: (1) to increase the depth range of dispersion that can be studied,
and (2) to more clearly define the modal character of dispersion patterns (Ark et al., 2007).

The entire wave field is inverted to get the shear wave velocities. Body waves, higher-
mode surface waves, and scattered, non-source generated surface waves are examples of
these nonplanar, non-fundamental mode Rayleigh waves (noise). Both frequency and
distance from the source affect how much each of these noise types impact the dispersion
curve and, eventually, the inverted shear wave velocity profile (Park et al., 1999). In order
to conduct a more detailed geotechnical studies, the inverted shear wave velocity collected
from the MASW test is commonly used.

2.5.2. Seismic Refraction Surveys

A seismic refraction survey is a geophysical technique used to investigate subsurface
properties and determine the shear wave velocity and depth of different geological layers.
The method depends upon Seismic waves travel through different material at different
velocities and measuring the time taken for a seismic wave to travel from one point to
another (Ayolabi, Adeoti, , Oshinlaja, Adeosun, & Idowu, 2009). The major drawbacks of
the seismic refraction test from a geotechnical point of view are the inability to detect low
velocity layers between high velocity layers and the fact that it samples only a portion of
the material in a thick soil layer (Luna & Jadi, 2000).

It is important to note that the choice between a seismic refraction survey and MASW
depends on various factors, including the specific objectives of the investigation, the depth

range of interest, and the geological complexity of the site.
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2.6. Case Study

Site-specific ground motion simulation and seismic response analysis at the proposed
bridge sites within the city of Addis Ababa, Ethiopia was done by (Mammo, 2005).
Theoretical ground motion modeling is used in this work to determine ground motions and
their spectral responses at five different sites proposed for bridge constructions in
connection with the Addis Ababa ring road project. The analysis method for this study is
one — dimensional and the geophysical investigation used for the study was seismic
refraction surveys, which have inherent limitations. These limitations include depth
constraints, assumptions of layer homogeneity, limited resolution for small scale features,

and sensitivity to near surface conditions.

Ground Response Analysis of Selected Sites in Hawassa Area was done by (Eshetu, 2017).
Primary data from seismic refraction tests and secondary data from available geotechnical
reports were collected from different locations of the city so as to model respective soil
profiles. This study focused on an earthquake prone area, which is of significant
importance. However, the analysis method for this study is one — dimensional and the data
used in the study lacked sufficient support, as the geophysical test relied on seismic

refraction surveys, which are subject to depth limitations.

An investigation into the ground motion amplification potential of selected sites of Addis
Ababa city was done by (Gashaye, 2018). In the study, specific site characterization and
one-dimensional ground response analysis were performed using seismic refraction data
and geotechnical data. This study is conducted using seismic refraction surveys, which are
subject to depth limitations. And also, the one-dimensional ground response analysis

method has limitations in representing the study area.

Site Response Analysis of Selected Sites of Adama City was done by (Abiy, 2021). One-
dimensional equivalent linear and nonlinear site response analyses have been conducted
at nine sites in Adama. The shear wave profiles of the sites were obtained using a
geophysical test called Multi - channel Analysis of Surface Waves (MASW). This test
offers a significant investigation depth of around 30 meters, which is representative of the

area. However, the one-dimensional ground response analysis method has limitations.
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Nonlinear Ground Response Analysis of Selected Sites of Addis Ababa using
Geotechnical and Seismic data was done by (Getu, 2022). Geotechnical investigation test
results are collected, and geophysical tests are directly conducted for the purpose of site
characterization. The study employed both primary and secondary data to characterize the
site. Primary data was collected using Multi-Channel Analysis of Surface Waves
(MASW), revealing a high susceptibility to seismic waves in the area and recommending
a seismic micro zonation, which sparked further interest in conducting additional
investigations and map the recommended study area. This study was conducted using one-
dimensional ground response analysis, which has limitations affecting its accuracy in

certain conditions.

2.7.Limitations

Due to limited secondary data and the high expense of geophysical testing, finer
classifications at the woreda level or smaller scales were not pursued in this study. The
produced map is also categorized by sub cities only, acknowledging potential differences

in soil types within each sub city.
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CHAPTER THREE

3. Location and Seismicity of the study area

3.1. Location and Topography

Addis Ababa, the capital of Ethiopia, serves as a diplomatic hub for Africa and hosts
various international programs. It is situated in the central highlands of the country,
positioned at an elevation of 2,355 meters. Located at coordinates 9°1'48"N 38°44"24"E.

Addis Ababa is divided into eleven sub cities, which are Addis Ketema, Akaki Kality,
Arada, Bole, Gulele, Kirkos, Kolfe keranyo, Lideta, Nifas silk Lafto, Yeka, and the
recently added Lemi Kura sub cities. Out of which, five sub cities, which are Akaki Kality,
Kirkos, Kolfe Keranyo, Lideta, and Nifas Silk Lafto sub cities, are selected for this study
since they are located in the South - Western part of Addis Ababa. The Addis Ababa and
South — Western part of Addis Ababa map is presented in Figure 3-1.

Addis Ababa Map &

South - Western Part of Addis Ababa

Legend

I Akaki kality_subcity

Bl Kirkos_subcity

[ ] Kolfe_keranyo_sub_city

I} Lideta_subcity
Nifa_silk_lafto_subcity

Figure 3-1: South — Western part of Addis Ababa map
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The South - Western region of Addis Ababa presents a diverse topography, characterized
by irregular shapes and slopes. This distinctive terrain creates a unique urban landscape
with varying elevations and gradients throughout. Additionally, the irregular landforms
add character to the area, contributing to its dynamic responses.

3.2. Geology

Addis Ababa is situated on the edge of the active East African Rift System, which includes
the Main Ethiopian Rift. Therefore, the geology and structural components of the city and
its surroundings are impacted by each stage involved in the formation and subsequent

extension of the Rift System (Mammo, 2005).

The city is surrounded by volcanic mountains, which include Mount Furi to the east, the
Wechecha range to the southwest, Entoto Chain Mountain to the north, and Mount Yerer
to the southeast. Rocks from the Lower Miocene to the Quaternary make up the geology
of the city of Addis Ababa. (Engidasew & Abay, 2016). Aphanitic basalt, rhyolite,
ignimbrite, tuff-agglomerate, trachyte, scoracious basalt, and alluvium are among the rock
units. On the northern and southern portions, newer volcanic rocks from the recent
volcanism of Wechecha, Furi, and Yerer are underlain by thick basalt units (Engidasew &
Abay, 2016).

The entire area to the south, east, and west of the city is covered by the Younger Volcanics.
The oldest aphanitic basalts, the middle-aged porphyritic feldspar basalts, and the youngest
porphyritic olivine basalts are all defined as being Pliocene in age. The youngest volcanic
rocks in the Addis Ababa region are the Pliocene - Pleistocene Younger Volcanics. These
are the olivine basalts and silicic lavas and pyroclastics (Balchi rhyolites). Tuffs,
ignimbrites, rhyolites, and trachytes are among the Balchi. They are vulnerable in the city's

east and south, as well as outside of it (Mammao, 2005).

As indicated on the Modified geological map of Addis Ababa city the South - Western
part of Addis Ababa is covered by volcanic features named Scoroa cones of Quaternary
Younger Basaltic lavas, Cinder cones, Quaternary Alluvial soils, Upper Miocene Addis
Ababa porphyritic Olivene Basalt, Ignimbrite of Pliocene to Quaternary Young Volcanics,

and Trachy basalt of Pliocene to Quaternary Young volcanics.

The geological arrangement of Addis Ababa city (after SEURECA SOACE & BCEOM, 1996)
is generalized on the Figure 3-2.
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Figure 3-2: Modified geological map of Addis Ababa city ( after SEURECA SOACE &
BCEOM, 1996)

3.3. Seismic hazard of Addis Ababa

Addis Ababa, positioned at the margin of East African Rift Valley, faces potential
earthquake hazards owing to the geological dynamics of the region. The city's proximity
to the Rift Valley necessitates readiness for seismic occurrences and the adoption of

suitable safety protocols.
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At an epicentral distance of roughly 120 km south of Addis Ababa, a large earthquake with
a magnitude of 6.8 struck this zone in 1906. The greatest earthquake to ever be recorded
in Ethiopia was this one. In Addis Ababa, it had a widespread impact. The 6.3 magnitude
earthquake that occurred in 1960 and the 6.2 magnitude earthquake that occurred in 1987

are two more notable earthquakes in this zone (Mammo, 2005).

The seismicity of Addis Ababa has been studied both locally and globally, providing

valuable insights into earthquake activity in the region.

3.3.1. Ethiopian Building Code Standard, EBCS 8: 1995

The Ethiopian Building Code Standard, EBCS 8: 1995, regulates building safety and
integrity in Ethiopia. Enacted in 1995, it covers design, materials, and construction
methods. Assuming the hazard within each zone is constant, the local hazard within the
country has been divided into seismic zones. For application of this standard, the hazard
was described in terms of a single parameter, i.e. the value of the effective peak ground
acceleration in rock or firm soil, which was called “design ground acceleration”. The

seismic hazard map of the country is presented in Figure 3-3.
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Figure 3-3: Seismic Hazard Map of Ethiopia
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The code groups the country into four distinct seismic zones based on bedrock acceleration
ratios as shown in Table 3-1.
Table 3-1: Bedrock Acceleration Ratio, o 0 (EBCS-8, 1995)

Zone 4 3 2 1
Qo 0.10 0.07 0.05 0.03

Table 3-1 indicates that Addis Ababa's seismic hazard zone is 2, with a maximal ground
acceleration of 0.05g (EBCS-8, 1995). And currently, the code is out of service and has
been replaced by the Ethiopian Building Code Standard, ES EN 1998:2015.

3.3.2. Ethiopian Building Code Standard, ES EN 1998:2015

The Ethiopian Building Code Standard ES EN 1998:2015, provides seismic design
guidelines in Ethiopia. Adopted in 2015, it ensures structural safety against earthquakes.
The code has grouped the ground type in to 5 types relating to Vs, s0(m/s). The area will
be considered ground type A if the Vs 30 is >800 m/s, ground type B if it is 360 m/s—800
m/s, ground type C if it is 180 m/s—360 m/s, ground type D <180 m/s, and ground type E
if the soil profile consists of a surface alluvium layer with Vs, 30 values of type C and D and

thickness varying between about 5m and 20m.

Depending on the local hazard the country has been subdivided into seismic zones. The
seismic zone corresponds to a reference return period of 475 years (10% probability of
exceedance in 50 years). The Seismic Hazard of Ethiopia earthquake database, which is
processed from instrumentation records, is the source of the preliminary hazard map
displayed in Figures 3-4. And in Table 3-2, Addis Ababa, having a PGA of 0.1 g, is

allocated to zone 3.

The code groups the country into five distinct seismic zones based on bedrock acceleration

ratios as shown in Table 3-2.

Table 3-2: Bedrock Acceleration Ratio, a0 (ES EN 1998:2015)

Zone 5 4 3 2 1
Qo 0.2 0.15 0.1 0.07 0.04
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Figure 3-4: Seismic Hazard Map of Ethiopia (ES-EN 1998, 2015)

3.3.3. Global Seismic Hazard Assessment Program (GSHAP)

The Global Seismic Hazard Assessment Program (GSHAP) is an international initiative
launched in the early 1990s to evaluate seismic hazards globally. It aims to develop
standardized methodologies for seismic hazard assessment. GSHAP estimates the
likelihood of future earthquakes using a probabilistic method that takes into account
geological features and previous seismicity. A global seismic hazard map defined in terms
of PGA values, assuming a 10% risk of exceedance in 50 years (return period of 475
years), was one of the initiative's primary deliverables, which was widely acknowledged

(Giardini, Domenico , Grunthal Gottfried, n.d., 1999).

These hazard maps inform decision making processes related to land use planning,
building codes, and infrastructure development. Figure 3-5 shows the seismic hazard map

from GSHAP for the region containing Ethiopia.
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The PGA value for the city, extracted from the widely acknowledged GSHAP Seismic
Hazard Map shown in Figure 3-5, stands at 0.11 g, serving as the basis for this study.
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Figure 3-5: Seismic hazard map of Ethiopia based on the GSHAP data
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CHAPTER FOUR

4. INPUT SOIL DATA AND METHODS

Input soil data for dynamic analysis is essential for representing soil behavior under
seismic conditions. Shear wave velocity (Vs) is a valuable indicator of the dynamic
properties of a soil due to its inherent relationship with low strain level stiffness of the soil
(Gmax). There are numerous field and laboratory tests available to characterizing the
behavior of soils under stress and strain in ground response analysis (Gashaye, 2018). This
study uses shear wave velocity and representative input soil data for two - dimensional

ground response analysis.

Two different methods have been used to ascertain the shear wave velocity profiles of the
sites selected for this indicative study. These are correlations between standard penetration
tests from geotechnical testing and multi-channel analysis of surface waves from

geophysical tests.

4.1.Data collection

Geotechnical investigation reports and geophysical survey data are sources of crucial
information required for the ground response studies. The geotechnical data comes from
different consulting firms that have carried out geotechnical studies for various projects in
South — Western part of Addis Ababa. And the author performs the geophysical tests in

order to gather the necessary soil characteristics.

4.1.1. Data from Geotechnical investigation reports

For this study, geotechnical investigation reports are gathered from both governmental
institutions and private companies, covering project sites spanning various sectors within
the study area. Selection criteria are carefully applied, considering factors such as
investigation depth, soil thickness above underlying rock formations, and suitability for
seismic surveys. The chosen sites are characterized by investigation depths exceeding 30
meters, ensuring sufficient data acquisition for comprehensive analysis. By incorporating
reports from diverse sources and adhering to precise selection criteria, the study aims to
obtain a holistic understanding of subsurface conditions and seismic response across the
study area. This approach ensures that the resulting findings are robust and reflective of
the geological variability present within the region.
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The geotechnical report has been collected from ARCON Design Build PLC, Tracon
Trading PLC, DMC real estate, AL EHWAN real estate, Limay real estate, SABA
Engineering PLC, JDAW Consulting Architects & Engineers PLC, Ethiopian
Construction Design and Supervision Works Corporation, JEROCCIA Geotechnical
Services and Engineering PLC., BEST Consulting Engineers PLC, TURAB Geotechnical
Engineering, and ADDIS GEOSYSTEMS PLC.

The corrected Standard Penetration Test (SPT) values are used to correlate shear wave
velocity (Vs) with the number of blows obtained during the test. This correlation allows
for estimating Vs profiles in the subsurface based on SPT data, providing valuable
information for seismic site characterization and geotechnical engineering analyses.
(Bowles, 1996). Equipment from different manufacturers has a large variety of drilling
rigs in current use. By adjusting SPT values to account for factors such as energy
efficiency, rod friction, and hammer efficiency, the corrected SPT values improve the

accuracy of Vs predictions and enhance the reliability of seismic hazard assessments.

In accordance with the guidelines provided by ES EN 1998: 2015 regulation, SPT data are
adjusted to a 60% reference energy ratio. Factors requiring correction include energy ratio,
rod length, borehole diameter, and sample procedure (Getu, 2023).

The following equation was proposed by (Martin & Lew, 1999) for the SPT-N values

correction.

Neéo=NmCnCeECBCRCs (4.0
Where:

Neo = corrected SPT-N value

Nm = measured standard penetration resistance
Cn = overburden pressure correction factor

Ce = hammer energy ratio (ER) correction factor
Cp = borehole diameter correction factor

Cr = rod length correction factor

Cs = sampling method correction factor
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Shear wave velocity is correlated using the corrected SPT-N measurements. Table 4-1

provides suggested correlation equations by (Wair et al., 2012) for various soil types, clays

and silts, sands, and gravels.

The equations are typically written as follows:

Vs = aNGOb(O-U,) ¢

Where;

a, b and c are regression coefficients,

Neo is corrected SPT value and oy, is effective overburden stress.

(4.2)

Table 4-1: Recommended SPT-stress— Vs correlation equations after (Wair et al., 2012)

Shear Wave Velocity,

Soil Type vs (M)

All soils 30N ¢ 2215(g,)0275
Clays and Silts 26N, (a,")032

Sands 30N "2 (0,023

Gravels-Holocene 53N (a,)018

Gravels- 115N > (a,)0-12
Pleistocene

In order to estimate the shear wave velocities, all adjustments and correlations are carefully

applied to the SPT data of the chosen sites. The correlation equation used for this study is

30N,*215(5,)0275, since it governs all types of soil. Table 4-2, Table 4-3 and Table 4-4

provide an overview of the shear wave velocity profiles that are computed for this study.
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Table 4-2: Summary of raw and adjusted SPT data and shear wave velocity profiles of the sites

Akaki Kality sub city Kirkos sub city Kolfe Keranyo sub city
Depth SPT-N CRITEEEL Vs Depth SPT-N corrected SPT-N AL
(m) values SPT-N (m/s) (m) values SPT-N values Vsms | Depth (m) values SPT-N Vs s
values values
2 22 15 144 2 23 16 148 2 6 4 109
4 22 17 178 4 27 21 190 4 6 134
6 10 9 173 6 21 18 206 6 19 17 199
8 9 8 183 8 17 15 210 8 21 18 220
10 9 8 194 10 19 17 233 10 36 33 261
12 9 8 207 12 25 23 262 12 45 41 293
14 6 6 198 14 24 22 271 14 46 42 307
16 9 8 226 16 39 36 314 16 42 39 314
18 15 14 262 18 33 30 311 18 43 39 329
20 11 10 249 20 37 34 330 20 48 44 342
22 10 9 246 22 46 42 358 22 50 46 348
24 23 21 307 24 50 46 373 24 50 46 362
26 27 25 324 26 50 46 381 26 50 46 370
28 36 33 347 28 50 46 389 28 50 46 372
30 50 46 385 30 50 46 397 30 50 46 385
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Table 4-3: Summary of raw and adjusted SPT data and shear wave velocity profiles of the sites

Nifas silk lafto sub city - 1 Nifas silk lafto sub city - 2 Nifas silk lafto sub city - 3
Depth SPT-N corrected v, Depth SPT-N corrected v, Depth SPT-N corrected v,
(m) values SPT-N (m/s) (m) values SPT-N (m/s) (m) values SPT-N (m/s)
values values values

2 7 5 113 2 7 5 111 2 19 13 140
4 10 8 151 4 7 5 140 4 18 14 172

6 17 15 197 6 8 7 165 6 21 18 206
8 24 21 230 8 9 8 186 8 23 20 228
10 29 27 258 10 10 9 198 10 16 15 223
12 34 31 280 12 10 9 212 12 27 25 262
14 24 22 272 14 12 11 230 14 42 39 305
16 41 38 316 16 11 10 234 16 42 39 317
18 42 39 323 18 38 35 320 18 36 33 317
20 45 41 339 20 15 14 266 20 43 39 334
22 50 46 360 22 50 46 348 22 45 41 346
24 50 46 368 24 50 46 362 24 48 44 359
26 50 46 375 26 50 46 370 26 50 46 370
28 50 46 383 28 50 46 372 28 50 46 378
30 50 46 390 30 50 46 385 30 50 46 385
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Table 4-4: Summary of raw and adjusted SPT data and shear wave velocity profiles of the sites

Lideta sub city-1

Lideta sub city-2

Depth SPT-N corrected Vs Depth SPT-N corrected Vs
(m) values SPT-N values | (m/s) (m) values | SPT-Nvalues | (m/s)
2 11 8 124 2 7 5 103
4 13 10 161 4 17 13 158
6 14 12 190 6 18 16 182
8 9 8 184 8 17 15 192
10 10 202 10 10 9 201
12 10 9 215 12 10 9 209
14 30 28 286 14 16 15 243
16 30 28 296 16 19 17 265
18 32 29 310 18 50 46 335
20 32 29 313 20 42 39 337
22 20 18 291 22 38 35 338
24 23 21 308 24 50 46 363
26 50 46 379 26 50 46 370
28 50 46 387 28 50 46 378
30 37 34 368 30 50 46 385
32 37 34 375
34 22 20 341
36 25 23 357
38 36 33 392
40 37 34 400
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4.1.2. Data from Geophysical investigation

Geophysical investigations data is required to complement geotechnical data for a more
comprehensive understanding of subsurface conditions. Geophysical methods can provide
insights into soil and rock properties and potential geological hazards such as faults or
voids. This information is valuable for site characterization, foundation design, and

assessing the feasibility and risks of construction projects.

For both passive surveys made from natural waves with depth results and active surveys
provided by the author, multi-channel analysis of surface waves (MASW) has been
performed. Combining the results of both tests offers a more comprehensive
characterization of the area's subsurface conditions. This integrated approach ensures a
more accurate assessment of the geological and geotechnical properties, enhancing the
overall understanding of the site.

4.1.2.1. Equipment used for the seismic survey

The seismic survey equipment for Multi-Channel Analysis of Surface Waves (MASW)
includes a hammer and strike plate for generating seismic waves, geophones deployed in
arrays or along spread cables to detect ground motion, a seismograph for recording seismic

waves, and a laptop for data acquisition and control.

a. Hammer and strike plate

In a seismic survey, the hammer is utilized to strike the strike plate firmly, generating a
seismic wave that travels through the subsurface layers. This wave progresses downward

until encountering an interface between different geological materials.

The hammer and strike plate constitute integral elements of the seismic source, furnishing
a controlled and replicable means of generating seismic waves. They are frequently
employed alongside geophones to capture the arrival times of seismic waves, facilitating
the determination of subsurface properties. The amount of energy that may be used is
determined by skill, energy, and the state of the ground. More studies will require more
effort to find a realistic representation of the site. Figure 4-1 shows hammer and strike

plate respectively.
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Figure 4-1: Hammer and strike plate

b. Geophones and spread cables

Geophones are sensors used in seismic surveys to detect ground vibrations caused by
seismic waves. They typically consist of a coil of wire attached to a magnet, suspended in
a magnetic field. When ground vibrations occur, the movement induces a current in the
wire coil, which is then recorded by the seismograph. Spread cables are used to connect
multiple geophones in an array, allowing for simultaneous recording of seismic data from
different locations. This setup provides valuable information about the propagation of
seismic waves through the subsurface and helps to create detailed images of the Earth's

structure.

Seismographs and geophones are connected via spread cables as indicated in Figure 4-3.
Electrical takeout, or connection points, are dispersed along the length of a standard
telephone wire. To connect the geophones to the geophone cables at certain takeout points,
the geophone cable must be deployed with a takeout positioned at the geophone location.
One takeaway cable can be used to link geophones to the seismograph. The 24 take-outs
on the cable can accommodate a maximum of 24 geophones at once. To increase reception,
geophones must be firmly buried in the ground. Figure 4-2 is one of the 24 geophones used

for the seismic survey.
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Figure 4-3: Geophone and spread cable

c. Seismograph

A seismograph is used to detect and record seismic waves from earthquakes and other
ground motions. In the context of the Multichannel Analysis of Surface Waves
(MASW), seismographs are crucial for capturing surface waves generated by passive
and active seismic sources. Then the results are recorded on a computer. A geode,

specific type of Seismograph is indicated in Figures 4-4.
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Figure 4-4: Seismograph

4.1.2.2. Data from Multi channel Analysis of surface waves (MASW)

Data has been collected from four sites using multi-channel analysis of surface waves
(MASW), both for active and passive surveys. The geophones, each with a natural
frequency of 4.5 Hz, are positioned in various configurations across the test site to capture
wave motion resulting from seismic activity. The geophones are arranged in a straight line
for both active and passive surveys. And an L-shaped arrangement of geophones is

employed for passive surveys.

These geophones are tasked with recording wave motion over time following the
generation of waves at designated shot points along the lineup. The waves are induced
using an impact load delivered by a 10 kg hammer. Through these setups, the geophones
provide valuable data regarding the propagation and characteristics of seismic waves,

enabling researchers to analyze subsurface structures and properties with precision.

The results from multi-channel analysis of surface waves (MASW) are extracted and
inverted under the guidance and control of a crew of applied geophysicists and
seismologists. The collected data are presented in Figure 4-5 and Figure 4-6.
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Figure 4-5: Shear wave velocity profiles obtained from the combined dispersion curves: (a)
Akaki kality sub city, and (b) Kirkos sub city
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Figure 4-6: Shear wave velocity profiles obtained from the combined dispersion curves: (c) Nifas
silk lafto sub city, and (d) Lideta Sub city
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The locations of the sites for the SPT data in the South - Western part of Addis Ababa are

presented in Figure 4-7.
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Figure 4-7: Locations of SPT data

The locations of the sites for the Seismic survey in the South - Western part of Addis

Ababa are presented in Figure 4-8.
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Figure 4-8: Locations of Seismic survey test
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The Location of all the sites selected for the study are presented in Figure 4-9 and Table
4-5,
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Figure 4-9: Location of all the sites selected for the study

Table 4-5: Location of all the sites selected for the study

SPT-N data Seismic survey

Sub city Easting | Northing | Easting | Northing

Akaki Kality 476535 989093 | 477030 | 977968

Kirkos 471641 995736 | 474453 | 996043

Kolfe Keranyo 467343 | 1000926

Nifas silk Lafto-1 | 470988 989112

Nifas silk Lafto-2 | 470702 | 987042 | 467857 | 989120

Nifas silk Lafto-3 | 471024 990105

Lideta -1 471724 995473

471820 | 995649

Lideta-2 470831 993316
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4.2. Site Response Analysis

The one-dimensional approach to ground response analysis is helpful for flat or gently
sloping sites with parallel material boundaries, as mentioned in Section 2.2.1. The study

area contains various areas that are neither flat nor gently sloping.

One-dimensional analysis has limitations that are resolved by two-dimensional analysis,
which provides a more realistic representation of the area. Dealing with sloping or uneven
ground surfaces, walls and tunnels, and heavy or stiff embedded structures requires two-
dimensional analysis (Kramer, 1996). And, three-dimensional analysis needs to be
conducted for heavy structures with complex geometries and loading conditions. Since the
site condition for this study varies moderately, it is sufficient to conduct two-dimensional
ground response analysis. As a result, two-dimensional ground response analysis is

employed for this study.

Two dimensional Ground Response Analysis

Two-dimensional ground response analysis uses the finite-element method, which treats a
continuum as an assemblage of discrete elements whose boundaries are defined by nodal
points and assumes that the response of the continuum can be described by the response
of the nodal points.

The equations for the two dimensional ground response analysis are given by (Kramer,
1996) . Using the strain-displacement and stress- strain relationships, an element stiffness

matrix can be written as follows:

[Kel = [, 2, [BITIDI[BIIJ|dsd, @3
Where:
[B] is strain- displacement matrix,
[D] is stress-strain matrix
| J | is the Jacobian

The strain-displacement matrix [B], allows the strains to be determined from the nodal

point displacements.

{e}=[B]{q} (4.4)
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The stress-strain matrix, [D], relates stresses to strains:

{o}=[DKe} (45)
And the Jacobian | J |,
ON;ON;  9aN; 6Nj) _
= Z (as at ot as /)Y (48)

where:
[N] is the shape function

A consistent element mass matrix can be written, assuming constant density within the

element, as:

Pf f N]|J| dgd 4.7)

A consistent damping matrix can be obtained from:

f f [B] | ]| dsd; (4.8)

Where [n] is a matrix of damping terms

Then the equation of motion for the element can be written as:

[me]{G} + [cel{aq} + [kelfq} = {Q(D)} (4.9)

The element force vector is given by:

W=/, [, INT(W} || ded, + [INI" {T}d; (4.10)

Where:
{W} is the vector of prescribed body forces
{T} is a vector of external tractions that may be applied to some surface, S.

Once the equations of motion for each element are obtained, they are combined in a way

that satisfies compatibility of displacements to obtain the global equations of motion.

[M]{ii} + [Cl{u } + [K{u} = {R()} (4.11)
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Where:
[M] is the global mass matrix,
[C] is the global damping matrix,
[K] is the global stiffness matrix,
{u} is the global nodal point displacement vector, and
{R(t)} is the global nodal point force vector.

For the case of loading induced by base motion, the global equation of motion is

[MI{vi} + [CT{u } + [K{u} = —[M]{1}ibe (4.12)
4.3. Soil Geometry and Properties

The soil parameters employed in this study under the Mohr- Coulomb method are stated
under the following sections.

4.3.1. Unit weight (y)

A soil's unit weight, which is defined as its weight per unit volume, is frequently used to
characterize a soil's density. When designing a foundation and determining the study area’s
load bearing capacity, it is helpful to use typical unit weights of soil. The unit weight of
soil can be directly measured in the field using a nuclear densitometer, rubber balloon, or
sand cone test. (Wondie, 2020). For this study, unit weight is taken from laboratory tests
conducted on the secondary data.

4.3.2. Void ratio (e)

Void ratio of a soil is the ratio of the volume of voids (spaces filled with air or water) to
the volume of solid particles in a soil mass. This dimensionless metric affects a soil's
strength, permeability, and compressibility depending on how loosely or densely it is
packed. Laboratory tests on soil samples are used to determine it. For this study the void

ratio is taken from secondary data.
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4.3.3. Cohesion (c)

Shear strength of the soil is influenced by its cohesiveness especially for clayey soils.
Triaxial shear testing and unconfined compression testing are two common laboratory tests
used to assess unconfined compressive strength. There are also correlations with shear
strength as estimated from the field using vane shear tests (Wondie, 2020). For this study,
the cohesion of the soil has already been determined from the secondary data collected
from direct shear test and plastic index value. Correlation equation between cohesion and
Pl is given according to the equation determined by (Tchakalova & lvanov, 2022).

C= 8.476+(0.776*P)

Where: C is cohesion

Pl is plastic index

4.3.4. Friction angle (¢)

The shear strength of soil caused by internal friction between particles is measured by the
friction angle. The friction angle is influenced by the texture and composition of the soil;
sandy and granular soils have higher values than clayey soils.

It is typically determined through laboratory tests like the direct shear test or triaxial test
and is crucial for analyzing soil stability and load bearing capacity. For this study friction
angle is taken from laboratory tests conducted on the secondary data and Correlating SPT
data. Correlation equation between friction angle and SPT is given according to the
equation determined by (Bowles, 1996).

$=28+0.15N
where: ¢ is friction angle

N is SPT data

The unit weight, cohesion, friction angle, and void ratio of the soil used for this study under

each study area are stated from tables 4-6 to 4-8.
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Table 4-6: Soil geometry and properties

Akaki Kality sub city

Kirkos sub city

Kolfe Keranyo sub city

unit unit unit
depth | weight phi depth | weight C phi depth weight C phi e
2 19 18 25 0.69 2 18 29 23 0.64 2 17 25 30 0.60
4 19 18 25 0.69 4 21 29 23 0.64 4 18 25 31 0.60
6 19 37 30 0.69 6 18 31 25 0.65 6 18 22 32 0.59
8 20 32 30 0.70 8 18 29 24 0.63 8 19 28 36 0.63
10 20 25 30 0.70 10 17 39 33 0.70 10 17 29 37 0.64
12 17 21 32 0.70 12 20 39 33 0.70 12 18 30 38 0.64
14 17 40 31 0.70 14 20 32 32 0.65 14 18 26 36 0.61
16 20 32 32 0.65 16 18 23 21 0.60 16 18 33 39 0.66
18 20 40 33 0.70 18 18 23 21 0.60 18 19 30 39 0.64
20 17 40 33 0.70 20 18 27 22 0.62 20 18 22 40 0.59
22 17 33 32 0.66 22 18 27 22 0.62 22 17 23 40 0.60
24 17 33 35 0.66 24 18 27 22 0.62 24 18 22 40 0.59
26 18 28 37 0.63 26 17 36 38 0.68 26 18 22 40 0.59
28 18 32 38 0.65 28 18 33 37 0.66 28 17 22 40 0.59
30 18 32 39 0.65 30 18 33 37 0.66 30 18 22 40 0.59
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Table 4-7: soil geometry and properties

Nifas silk lafto sub city - 1 Nifas silk lafto sub city - 2 Nifas silk lafto sub city - 3
unit unit unit
depth | weight phi depth | weight phi depth weight | C phi
2 18 20 25 0.66 2 17 24 23 0.60 2 18 22 28 0.59
4 18 25 31 0.70 4 18 24 23 0.60 4 18 22 28 0.59
6 19 24 25 0.60 6 18 22 21 0.59 6 19 22 28 0.59
8 19 24 25 0.60 8 19 19 21 0.57 8 19 8 20 0.50
10 19 24 25 0.60 10 17 20 20 0.58 10 18 8 20 0.50
12 19 28 27 0.63 12 18 22 21 0.59 12 18 8 20 0.50
14 19 28 27 0.63 14 18 16 20 0.55 14 19 8 20 0.50
16 19 20 38 0.58 16 18 22 38 0.59 16 19 8 20 0.50
18 18 28 38 0.63 18 19 18 38 0.56 18 19 8 20 0.50
20 18 25 39 0.61 20 18 28 39 0.63 20 18 29 25 0.64
22 19 24 39 0.60 22 17 29 39 0.64 22 18 29 38 0.63
24 19 24 39 0.60 24 18 29 39 0.63 24 18 29 39 0.63
26 19 26 39 0.61 26 18 28 39 0.63 26 18 29 39 0.63
28 19 26 39 0.61 28 17 29 39 0.63 28 18 29 39 0.63
30 19 26 39 0.61 30 18 29 39 0.63 30 18 29 39 0.63
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Table 4-8: soil geometry and properties

Lideta sub city - 1

Lideta sub city -2

unit unit
depth | weight C phi depth weight C phi

2 18 25 21 0.61 2 13 11 25 0.65
4 18 23 21 0.59 4 14 11 27 0.58
6 19 23 21 0.61 6 14 12 25 0.56
8 18 23 23 0.61 8 13 12 26 0.56
10 18 23 25 0.61 10 18 17 35 0.56
12 19 23 25 0.61 12 17 18 33 0.63
14 19 37 31 0.55 14 18 28 33 0.67
16 19 37 31 0.55 16 18 34 33 0.67
18 19 37 33 0.55 18 18 35 35 0.68
20 18 43 33 0.69 20 19 36 34 0.63
22 18 43 32 0.69 22 19 28 35 0.61
24 18 43 32 0.69 24 18 26 38 0.61
26 20 43 36 0.58 26 18 26 38 0.61
28 20 37 36 0.58 28 18 26 38 0.61
30 19 37 34 0.63 30 18 26 38 0.61
32 19 46 34 0.63

34 19 50 31 0.63

36 20 50 31 0.61

38 19 50 33 0.61

40 19 50 35 0.61
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4.4.Boundary condition

In finite element analysis, boundary conditions have a significant role since they specify
how the model interacts with its environment, guaranteeing that the simulation accurately
represents the study area. And for many dynamic response problems, rigid or near rigid
boundaries, such as bedrock, are located at considerable distances from the region of
interest. This study also considers a representative boundary condition representing the

study area.

In the dynamic analysis conducted using PLAXIS 2D, a combination of tied degrees of
freedom and a compliant base was employed to simulate the realistic response of the soil
under dynamic loading conditions. Tied degrees of freedom are utilized in the x-direction
for Xmin and Xmax to connect adjacent soil elements and ensure compatibility of
displacements, allowing for the accurate representation of soil behavior and interaction

between soil layers.

Compliant base was implemented to simulate the influence of the underlying soil strata
and boundary conditions on the dynamic response of the system. For the ymin, compliant
base boundary requirements are taken into account. For earthquake analysis, where the
dynamic input is applied at the bottom of the model, this boundary condition is
recommended (Edition & Manual, 2021). ymax is located at the ground surface, where it
remains unconfined. There are no boundaries restricting it at this level. Consequently, the

boundary condition is considered to be none.

Incorporating these boundary conditions into the analysis enhances the assessment of
seismic performance. Ultimately, this improves the overall understanding and resilience

of a site during seismic events.

4.5.Mesh

In order to provide a thorough examination of the stress, strain, or displacement across the
soil mass, mesh divides a complex shape into smaller, more manageable components. The

accuracy and effectiveness of the simulation are directly impacted by the mesh's quality.

Selecting the appropriate element size for the finite elements is crucial for effectively

capturing wave motion in seismic analysis, hence elements sizes are chosen with great

MSc Thesis Page 41



Site specific Ground Response Analysis at South - Western part of Addis Ababa

care. The shortest wave length of the element is computed using shear wave velocity and
excitation frequency of the soil. The excitation frequency used for this study is according
to (Ayele, 2021), which is 45 m/s.

Where: Vs, is the shear wave velocity
f, is excitation frequency
As, is the shortest wavelength

To attain the necessary accuracy, the maximum element size for soil was kept at a value
smaller than one-fifth to one-eighth of the shortest wavelength (As)(Ayele, 2021). The

average element size used for this study is summarized in Table 4-9.

Table 4-9: Average element size

Title Vs A Nmax Nmin Navg
1 Akaki Kality secondary (S) | 144 3.2 0.64 0.4 0.52
2 Akaki Kality Primary (P) 138 3.06 0.6 0.38 0.5
3 Kirkos S. 146 3.24 0.65 0.41 0.53
4 Kirkos P. 201 4.46 0.89 0.56 0.73
5 Kolfe Keranyo S. 109 242 0.48 0.3 0.4
6 Nifas silk lafto S-1 113 251 0.5 0.31 0.41
7 Nifas silk lafto S-2 111 2.47 0.49 0.31 0.4
8 Nifas silk lafto S-3 140 3.11 0.62 0.38 0.5
9 Nifas silk lafto P. 147 3.27 0.65 0.41 0.53
10 Lideta S-1 124 2.76 0.55 0.34 0.45
11 Lideta S-2 143 3.18 0.64 0.39 0.52
12 Lideta P. 170 3.78 0.76 0.47 0.62

The mesh size is selected by averaging one-fifth and one-eighth of the shortest wavelength
at each site. This ensures that wave behavior is accurately captured while maintaining
computational efficiency in the analysis.
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CHAPTER FIVE

5. Input Ground Motions

5.1. Introduction

Ground response analysis is not only determined by geotechnical and geophysical results
but it needs to have a representative input ground motions. These motions, typically
obtained from historical earthquake records or simulated scenarios, offer essential insights
into the behavior of the ground during seismic events. Studies recommend using motions
recorded at other sites under comparable circumstances to those of the site of interest in
the absence of representative ground motions using appropriate filtering mechanisms
(Kramer, 1996).

A comprehensive ground motion database that has been collecting, processing, and
archiving ground motion data for more than 20 years is the Pacific Earthquake Engineering
Research (PEER) database (Kramer, 1996). A variety of appropriate ground motions are

selected for this study based on filtering conditions from this data base.

5.2. Input Motions from PEER Ground Motion Database

Using a responsive web tool, it is possible to choose sets of strong ground motion
acceleration time series that are typical of design ground motions using the PEER Ground
Motion Database (PEER, 2010). It is crucial to apply appropriate filtering criteria for
choosing relevant input motion time histories from a pool of available data for ground

response investigations since Ethiopia lacks strong ground motion records.

When filtering an input ground motions, some factors to take into account are the
magnitude of an earthquake, the geology of the seismic waves' travel path from the source
to the site, the site's distance from the causative fault, the fault mechanism, and the local

soil conditions at the site (Kramer, 1996).

The appropriate filtering criteria are comprehensively outlined, providing clear guidelines

for selecting ground motion data that meet these study needs.
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5.2.1. Tectonic Regime

Selecting an appropriate tectonic regime is a fundamental criterion for screening out
representative input motions. The process involves choosing records from the same
tectonic regime as the area of interest, as employed in this study. Shallow crustal
earthquakes are the type of earthquakes that are representative of the Middle Ethiopian
Rift (Kebede & Van Eck, 1997). An extensive collection of ground movements from
shallow crustal earthquakes in active tectonic regimes around the world are documented
in the Next Generation Attenuation (NGA) West 2 ground motion database. Thus, it's

determined that this database is suitable for choosing the ground motion in this study.

5.2.2. Definition of Target Spectrum

The response spectrum is also considered in this study to filter a representative input
ground motion. ES EN 1998:2015 gives two distinct kinds of reaction spectrum based on
the features of the largest earthquake that increased the local threat. When the surface wave
magnitude, Ms, of the earthquakes that most significantly contribute to the probabilistic
seismic hazard assessment for the site is larger than 5.5, Type 1 reaction spectra are

employed; Type 2 response spectra are used when Ms is not greater than 5.5.

There are several intermediate sized (5.5 < 6.5) earthquakes that are characteristic of the
seismic activity of the Red Sea, the Ethiopian rift system, and the Gulf of Aden (Kebede
& Van Eck, 1997). Since Ethiopia rift system has Ms larger than 5.5 this study uses Type
1 reaction spectra for the ground motion selection.

According to the ES EN 1998:2015, the elastic response spectrum Se(T) is defined by the

following expressions for 5% damping:

0<T<Ts Se(T)=ay. S. [1+%.( 1.2.5-1)]
Te <T<Tc Se (T)=ag. S.n.2.5

Te <T < Tn Se (T)=ag. S.7.2.5[-¢]

To < T < 4s. Se (T)=2,.5.7.2.5[52]
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Where:

Se (T) is the elastic response spectrum

T is the vibration period of a linear single-degree-of-freedom system;

ag is the design ground acceleration;

T is the lower limit of the period of the constant spectral acceleration branch;

Tc is the upper limit of the period of the constant spectral acceleration branch;

Tp is the value defining the beginning of the constant displacement response
range of thespectrum;

S is the soil factor and

n is the damping correction factor with a reference value of 1 =1 for 5% viscous
damping

The user defined response spectrum is developed using the peak ground acceleration of
0.11 g for a 475-year return period (10% likelihood of being exceeded in 50 years), as
retrieved from GSHAP. The target spectrum is created for ground Type A because rock

conditions are frequently used to represent reference site conditions.

For the type A ground condition, the parameters used for the response spectrum are chosen
as indicated in Figure 5-1 and Table 5-1.

Se(T)

] | 2

d
oy

T(s)

Figure 5-1:Recommended Type 1 elastic response spectrum for Type A ground condition (ES
EN 1998:2015)
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Table 5-1: Values of the parameters describing the recommended Type 1 elastic response
spectrum (ES EN 1998:2015).

Ground type S Ts (S) Tc (S) To (S)
A 1.0 0.05 0.25 1.2
B 1.35 0.05 0.25 1.2
C 15 0.10 0.25 1.2
D 1.8 0.10 0.30 1.2
E 1.6 0.05 0.25 1.2

5.2.3. Moment magnitude Range

The moment magnitude range is also selection criteria to select appropriate input ground
motion for the seismic analysis. It represents the magnitude of an earthquake event and
provides valuable information about the level of ground shaking. Various major zones of
seismicity and crustal deformation contributing to seismic hazard exist in Ethiopia and the
neighboring countries. Eight seismic source zones can be used to identify the region as the
primary source of destructive earthquakes. The observed seismicity and currently
understood tectonic properties of each seismic source zone define the seismic hazard of a
site (Kebede & Van Eck, 1997).

According to Kebede & Van Eck, 1997, Zone 2 refers to the main Ethiopian rift and the
southernmost rifts in Ethiopia. Since this magnitude reflects zone 2, this analysis adopts
the upper bound magnitude Mmax of 7.0 and the lower bound magnitude M, of 4.0 for the
seismic source zone. The PEER database system's ground motion filtering rules have been

directly applied to this magnitude range.

5.2.4. Duration of Strong Motion

The duration of the ground motion, or more precisely, the length of the signal's strong
portion, must be measured in order to fully characterize the motion (Salmon & Short,
1992). The duration of strong motion provides valuable information about the temporal
characteristics of ground shaking during earthquakes, which is essential for assessing

structural response and potential damage.

From the moment seismic waves arrive until surrounding waves are restored, a significant
portion of the ground motion duration occurs at relatively low shaking levels (Salmon &
Short, 1992).

MSc Thesis Page 46



Site specific Ground Response Analysis at South - Western part of Addis Ababa

—— Abraham & Silva (1996)
------- Kempton & Stewart (2006)
e Bommer et al. (2009)
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Figure 5-2: Comparison of empirical predictive models for significant duration (Bommer et al.,
2009)

Bommer et al., 2009 conducted a brief review of prior studies and, using data from the
NGA database, produced a new empirical predictive equation for the significant duration.
This relation is used to estimate the duration of shallow crustal earthquakes up to 100 km
from the source. Based on this relationship, a shallow crustal earthquake with a minimum
magnitude (Mw) of 4 and a maximum magnitude (Mw) of 7 for the seismic source zone

is estimated to have a relevant time frame of 17 seconds.

5.2.5. Shear-wave velocity of uppermost 30 meters (Vs, 30)

The shear-wave velocity of the uppermost 30 meters (Vs, o) is a crucial parameter used in
selecting appropriate input ground motion for seismic analysis. It provides valuable
information about the stiffness and mechanical properties of the near surface soil layers,

which significantly influence the propagation and amplification of seismic waves.

According to ES EN 1998:2015, the reference site condition is represented by rock
conditions, ground type A, which has a range of shear wave velocities of 800-1500 m/s.

This range is applied as a filtering criterion in the process of input motion selection.
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5.2.6. Time Series Scaling

Time series scaling also used to screen the input ground motions by adjusting recorded
ground motion time series to match a target response spectrum or ground motion
parameters, making it a valuable tool for selecting appropriate input ground motion in

seismic analysis.

Two approaches for the coupled tasks of ground motion selection and scaling are
considered to be suitable for GRA applications. The first is to match the target spectrum
across a certain period range with the spectral ordinates of ground motions. The target
spectrum corresponds to the time interval of the buildings that are expected to experience
ground motion. The second method considers ground movements according to their
spectral shape and scales them so that their pseudo spectral acceleration (PSA) coincides
with the required spectrum at a specific period (Stewart, 2014). When a response analysis
of a certain structure over a predetermined time frame is required, this method should be

applied.

The elastic first mode period (T) of a structure is used to determine the period range, which
is 0.2T-2.0T. Similar ranges dependent on the duration of the structural system under
investigation in the overall ground motion analysis will typically be significant in ground
response applications (Stewart, 2014). So that this study considered 0.2T-2.0T for time

series scaling.

According to ES EN 1998:2015, the fundamental periods of vibration T1 of buildings

whose response is not significantly affected by higher modes of vibration is given by:

= {L;TOCS

Where:
Tc is the upper limit of the period of the constant spectral acceleration branch

Tc equals 0.4 seconds for Type 1 response spectrum of ground type A. Hence;
_(l.6s

h= {2.05
The fundamental period, T'1, is computed to be 1.6 s and applying the range from 0.2T-
2.0T, a period ranges of 0.32 - 3.2 is taken as a filtering criterion to select the input

ground motions.
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5.2.7. Collected input motions

As per the criteria explained in this study, five particular ground motions have been

selected from the PEER ground motion database for further analysis. The motions are

stated in Table 5-2.

Table 5-2: Selected ground motions from PEER ground motion database

5-95%
Duration | EarthquakeName Vs Station
Vs3o
20 NEE Magnitude (m/sec)
13.3 Chi-Chi_ Taiwan-02 | 1999 ILA0O1 5.9 909.09
16.7 Niigata Japan 2004 FKSHO7 6.63 828.95
11.4 Northridge-06 1994 LA - Griffith Park 5.28 1015.88
Observatory
104 San Fernando 1971 |Cedar Springs_ Allen 6.61 813.48
Ranch
9.2 Whittier Narrows- 1987 | Vasquez Rocks Park 5.99 996.43
01

The acceleration time history plot of each of the five selected ground motions for unscaled

and scaled to 0.11g motion is given in Figure 5-3 to Figure 5-12.

Acceleration

0.003
= 0.002
£ 0.001 { -
1w L
%-0.001 | y l | mv f) V U
< -0.002

'0.003 T T T T T T T 1

0 5 10 15 20 25 30 35 40
Time (s)
Figure 5-3: Chi chi Taiwan (Unscaled)
MSc Thesis Page 49



Site specific Ground Response Analysis at South - Western part of Addis Ababa

Acceleration
0.15
= 0.1
g 0‘05 'l n I kit I I &
iy -
a Vv VVVVV'
o - ! Y
< 01
'0.15 T T T T T T T 1
0 5 10 15 20 25 30 35 40
Time (s)
Figure 5-4: Chi chi Taiwan (Scaled to 0.11g)
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Figure 5-5: Niigata Japan (Unscaled)
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Figure 5-6: Niigata Japan (Scaled to 0.119)
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Figure 5-7: Northridge-06 (Unscaled)
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Figure 5-8: Northridge-06 (Scaled to 0.119)
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Figure 5-9: San fernando (Unscaled)
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Figure 5-10: San fernando (Scaled to 0.11Q)
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Figure 5-11: Whittier (Unscaled)
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Figure 5-12: Whittier (Scaled to 0.11¢)
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CHAPTER SIX

6. Analysis and Discussion

After collecting crucial input parameters and input motions, the analysis is conducted
using finite element software. Options include FLAC 3D, PLAXIS 2D, PLAXIS 3D, and
ABAQUS. For this study, PLAXIS 2D is selected due to its suitability for two-dimensional
analysis. This choice ensures accurate and reliable results particularly effective for the

study's specific requirements.

The soil model employed in the analysis was the Mohr-Coulomb model, which is
commonly used to simulate the nonlinear behavior of soils under dynamic loading
conditions. Through the analysis, peak ground acceleration (PGA) and response spectra
are generated, providing crucial insights into the soil's response to seismic excitation.
Depending on the PGA results obtained, the micro zonation map of the study area is also

produced.

6.1.Analysis summary

6.1.1. Peak Ground Acceleration (PGA) results

The Peak Ground Acceleration (PGA) distribution at the site’s surface over time is
analyzed using data from Standard Penetration Test (SPT) and Multi-Channel Analysis of
Surface Waves (MASW). In all sites, it is observed that the given input earthquake ground
motion, which is scaled to 0.11g, is amplified near the ground surface. This amplification
results in surface PGA values varying between 0.14g to 0.29g. The analysis shows an
increase in PGA values from the initial ground motion input to the surface. The variation
in ground surface PGA indicates the influence of local soil conditions on seismic wave

amplification.

For the SPT and MASW tests, the PGA analysis is conducted using five different input
motions, as selected in Section 5.2. Each motion's PGA distribution over time is derived
from geotechnical and geophysical data. The results of all five motions for each SPT and
seismic survey data are comprehensively presented in Appendix A. This approach ensures

a detailed analysis of the PGA variations.
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PGA results based on SPT data

The geotechnical data reveals that the peak ground acceleration (PGA) distribution over
time for five different motions shows amplification near the ground surface. Specifically,
the absolute PGA value is 0.28g for the Whittier motion analyzed at Kolfe keranyo sub
city. The lowest PGA value recorded is 0.17 g for the Northridge-06 motion, observed at
Akaki kality sub city. These variations in PGA values highlight the dependence on the
input motion considered. The data underscores the variability and amplification of seismic
motions as they approach the ground surface, emphasizing the critical nature of site-

specific analysis in understanding seismic impacts.

Precise seismic risk assessment requires detailed geotechnical evaluations because
different motions and sites produce different PGA values. Figures 6-1 to 6-5 display the
mean PGA values, which are obtained by averaging the PGA results of the five earthquake
input motions for the site. Appendix A contains the full PGA distribution. The relevant

values are shown in Table 6-1.

AKAKI KALITY
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(a)
Figure 6-1: Mean PGA chart obtained from SPT data: (a) Akaki kality:
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Figure 6-2:Mean PGA chart obtained from SPT data: (b) Kirkos and (c) Kolfe keranyo

MSc Thesis

Page 55



Site specific Ground Response Analysis at South - Western part of Addis Ababa

LAFTO-1
0.300
0.250
0.200
5
< 0.150
(O]
[a
0.100
0.050
0.000
0 5 10 15 20 25
Time (s)
—Mean PGA
(d)
LAFTO-2
0.300
0.250
0.200
C
< 0.150
0
o
0.100
0.050
0.000
0 5 lq'ime (s) 15 20 25
—Mean...
(e)

Figure 6-3: Mean PGA chart obtained from SPT data: (d) Lafto-1 and (e) Lafto-2
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Figure 6-4. Mean PGA chart obtained from SPT data: (f) Lafto-3 and (g) Lideta-1
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Figure 6-5: Mean PGA chart obtained from SPT data: (h) Lideta-2

PGA results based on seismic survey data

Each seismic survey dataset indicates that input motions are amplified near the surface,
with values ranging between 0.14g and 0.29g. The highest PGA value recorded is 0.29g
for the Chi- Chi Taiwan earthquake ground motion at the Lideta sub city, while the lowest
is 0.14g for the Whittier earthquake ground motion observed at the Kirkos sub city. These
findings underscore the significant amplification of seismic motions near the ground

surface and highlight the variability across different sites and input motions.

The maximum PGA records obtained in most cases where soft soil is at shallower depth
and the lower PGA records obtained where the soil is stiff. The maximum amplification
potential is reached between 5 and 10 seconds in most analyses, as this timeframe aligns
closely with the motion's predominant period. This underscores the critical influence of

timing on seismic response.

Table 6-1 displays the summary of mean PGA values, obtained by averaging the PGA

results of the five earthquake input motions for the site, while Figures 6-6 to 6-7 illustrate
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the corresponding mean PGA charts. The complete PGA distribution is accessible in

Appendix A.
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Figure 6-6: Mean PGA chart obtained from Seismic survey data: (a) Akaki kality, and (b) Kirkos
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Figure 6-7: Mean PGA chart obtained from Seismic survey data: (c) Lafto, and (d) Lideta

MSc Thesis Page 60



Site specific Ground Response Analysis at South - Western part of Addis Ababa

Table 6-1: Mean PGA values obtained from SPT data and Seismic survey

PGA
Sub city SPT data Seismic survey
Akaki Kality 0.18 0.2
Kirkos 0.19 0.17
Kolfe keranyo 0.26
Nifas silk lafto-1 0.26
Nifas silk lafto-2 0.26
Nifas silk lafto-3 0.22 024
Lideta-1 0.23 0.23
Lideta-2 0.26

Seismic survey data for Akaki kality, Kirkos, Lafto, and Lideta sites reveals PGA values
closely resembling those obtained from SPT data, as depicted in Table 6-1. This combined
approach enhances the characterization of these sites, offering more realistic data.
Conversely, Kolfe keranyo site is characterized solely using SPT data. This diverse

methodology is invaluable for site characterization based on available data sources.

The PGA results obtained from both SPT and seismic surveys amplify the input earthquake
ground motion. A comparison of these PGA results with the input motion is provided in

Appendix A.

From the latest previous work, which was conducted by Getu (2023), three of the study
areas used are in the selected sub cities of this study, which are Mexico, Jemo, and Genet
Hotel area. The PGA results from the previous study for non-linear analysis and the
average PGA results of this study show 0.01 g to 0.07 g differences for both geotechnical
and geophysical studies, which are factored due to the soil properties considered and
analysis method used. The previous study uses one-dimensional ground response analysis,
whereas this study uses two-dimensional ground response analysis. The PGA results are

under estimated on the previous study as it is stated on the Table 6-2.

Table 6-2: Comparison of PGA results of previous study with this study

(Getu, 2023) This study

Sub city PGA results PGA results
Geotechnical | Geophysical | Geotechnical | Geophysical
Lideta sub city (Mexico) 0.23 0.25 0.23
Lafto subcity (Jemo) 0.21 0.24 0.26 0.24
Kirkos Sub city (Genet Hotel) 0.18 0.19 0.17
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6.1.2. Response spectra

With 5% structural damping, response spectra are used to determine attenuation or
amplification. It is found that the mean response spectra vary between 0.3g and 1.37g, and
that all of the study sites increase the input motions provided during periods between 0.05

seconds and 0.5 seconds.

Significant amplification and similar patterns are observed in nearly all curves, and the
input ground motions are heavily influenced by the selected sites. Both one-dimensional
and two-dimensional analyses generally indicate substantial amplifications, with a mean
PSA of up to 0.7g.

Comparison of response spectra derived from one- and two-dimensional analyses reveals
noticeable variation in representing the required response spectra. One-dimensional
analysis tends to overestimate site response spectra due to its focus solely on spectral
acceleration along one axis, limiting its ability to accurately represent the site's response.
In reality, acceleration dissipates in all directions, which is inadequately captured by the
one-dimensional approach. This variance highlights the importance of employing
comprehensive, multi-dimensional analyses for more accurate characterization of site

response and seismic behavior.

For the SPT data and MASW tests, response spectra are performed for five different input
motions for both one- and two-dimensional analyses. Based on geotechnical and
geophysical data, Appendix B shows the spectral distribution over period for each of the

five motions.
Response spectra based on SPT data

In the one-dimensional analysis, the absolute response spectra at the Lafto sub city site-1
for the Whittier earthquake ground motion is recorded at 1.23g. Conversely, the lowest
absolute response spectra are observed at Lafto sub city site -3 and Kirkos sub city, where
both measures 0.5g for the San fernando earthquake ground motion. This highlights the

variability in response spectra between different sites and earthquake events.

For the Whittier earthquake at Lideta sub city site-2, two-dimensional analysis obtained
an absolute response spectrum of 0.67g. Meanwhile, Kirkos sub city recorded the lowest

absolute response spectrum, measuring 0.36g for the San fernando earthquake ground
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motion. Table 6-2 summarizes the mean response spectra obtained by averaging the PSA
results of the five earthquake input motions for the site at the ground surface, while Figures
6-8 to 6-15 illustrate the corresponding mean response spectra charts for both one- and
two-dimensional response spectra. The response spectra for each input ground motion is
stated in Appendix B.

e One dimensional response spectra
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Figure 6-8: Mean one dimensional response spectra obtained from SPT data: (a) Akaki kality,
and (b) Kirkos
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Figure 6-9: Mean one dimensional response spectra obtained from SPT data: (c) Kolfe keranyo,

and (d) Lafto-1
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Figure 6-10: Mean one dimensional response spectra obtained from SPT data: (e) Lafto-2, and (f)

Lafto-3
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Figure 6-11: Mean one dimensional response spectra obtained from SPT data: (g) Lideta-1, and

(h) Lideta-2
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e Two dimensional response spectra
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Figure 6-12: Mean two dimensional response spectra obtained from SPT data: (a) Akaki kality,
and (b) Kirkos
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Figure 6-13: Mean two dimensional response spectra obtained from SPT data: (c) Kolfe keranyo,
and (d) Lafto-1

MSc Thesis Page 68



Site specific Ground Response Analysis at South - Western part of Addis Ababa

LAFTO-2

0.600
0.500
0.400

0.300

PSA (g)

0.200

0.100

0.000

o
=
N
w
N

5 6 7 8 9 10
Period (s)

—Mean PSA

(€)

LAFTO-3

0.500
0.450
0.400
0.350
0.300
0.250

PSA (g)

0.200
0.150

0.100
0.050

0.000
0 1 2 3 4 5 6 7 8 9 10

Period (s)

—Mean PSA

(f)

Figure 6-14: Mean two dimensional response spectra obtained from SPT data: (e) Lafto-2, and (f)
Lafto-3
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Figure 6-15: Mean two dimensional response spectra obtained from SPT data: (g) Lideta-1, and
(h) Lideta-2
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Response spectra based on seismic survey data

One-dimensional analysis finds that the absolute response spectrum for the ground motion
of the chi-chi Taiwan earthquake in Lideta sub city is 1.37g. Conversely, the Kirkos sub
city’s ground motion recorded during the Niigata Japan earthquake yields the lowest

absolute response spectrum, at 0.52g.

Two-dimensional analysis found an absolute response spectrum of 0.76g for the ground
motion at Lideta sub city that corresponded to the ground motion caused by the chi-chi
Taiwan earthquake. Meanwhile, ground motions associated with the Whittier earthquake

showed 0.3g of the lowest absolute response spectra at the Kirkos sub city.

The mean response spectra obtained by averaging the PSA results of the five earthquake
input motions for the site at the ground surface are summarized in Table 6-2, and the
corresponding mean response spectra charts for one and two dimensional response spectra
are shown in Figures 6-16 to Figure 6-21. Appendix B contains the response spectra in
detail.

e One dimensional response spectra
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Figure 6-16: Mean one dimensional response spectra obtained from Seismic survey: (a) Akaki
Kality
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Figure 6-17: Mean one dimensional response spectra obtained from Seismic survey: (b) Kirkos,
and (c) Lafto
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Figure 6-18: Mean one dimensional response spectra obtained from Seismic survey: (d) Lideta

e Two dimensional response spectra
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Figure 6-19: Mean two dimensional response spectra obtained from Seismic survey: (a) Akaki
kality
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Figure 6-20: Mean two dimensional response spectra obtained from Seismic survey: (b) Kirkos,
and (c) Lafto
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Figure 6-21: Mean two dimensional response spectra obtained from Seismic survey: (d) Lideta

As Table 6-2 indicates, the mean response spectra for seismic surveys and SPT data exhibit

values that are nearly similar for both one- and two-dimensional analysis.

Table 6-2: Mean maximum response spectra obtained from SPT data and Seismic survey

One dimensional response | Two dimensional response
spectra spectra
Sub city SPT data | Seismic survey | SPT data | Seismic survey
Akaki Kality 0.68 0.72 0.38 0.46
Kirkos 0.57 0.64 0.4 0.39
Kolfe keranyo 0.86 0.55
Nifas silk lafto-1 0.85 0.55
Nifas silk lafto-2 0.82 0.74 0.52 0.48
Nifas silk lafto-3 0.64 0.44
Lideta-1 0.69 0.46
. 0.8 0.57
Lideta-2 0.81 0.53

Two-dimensional response spectra show less spectral acceleration than one-dimensional
response spectra for each site and input ground motion. One-dimensional response spectra
have an absolute value of 0.86g for SPT data and 0.8g for seismic survey data, whereas
two-dimensional analysis has an absolute spectral acceleration of 0.55¢g for SPT data and

0.57g for seismic survey data.
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The response spectra result from the previous study conducted by Getu (2023), for non-
linear analysis and the average response spectra two dimensional results of this study show
0.04 g to 0.3 g differences for both geotechnical and geophysical studies, which are
factored due to the difference of soil properties considered, the input ground motion and
analysis method used. The previous study uses one-dimensional ground response analysis,
whereas this study uses two-dimensional ground response analysis. The response spectra

results are over estimated on the previous study as it is stated on the table 6-2.

Table 6-2: Comparison of PSA results of previous study with this study

Getu This study
Sub city Response spectra Response spectra
Geotechnical | Geophysical | Geotechnical | Geophysical
Lideta sub city (Mexico) 0.79 0.5 0.57
Lafto subcity (Jemo) 0.54 0.51 0.5 0.48
Kirkos Sub city (Genet Hotel) 0.7 0.4 0.39

6.2. Comparison of Mean response spectra with code spectra

For both geotechnical and geophysical data, average shear wave velocity for the upper 30
meters (Vs, 30) was determined. For geotechnical data, Vs, 30 ranged from 290 m/s to 358
m/s. And geophysical data, Vs, 30 ranged from 299 m/s to 337 m/s. According to ES EN
2018:2015, these values fall under site class C. However, for NEHRP provisions, they fall
under site class D. Therefore, the mean response spectra for one- and two-dimensional

analyses are compared with the standards set by these two codes.

The comparison of mean response spectra with code spectra, shown in Figures 6-22 to 6-
28, reveals that the one-dimensional response spectra overestimated the spectral
acceleration. This overestimation is more than double the ES EN 1998:2015 standards and
nearly double the NEHRP provisions.

The two-dimensional mean response spectra are relatively close to the code spectra for
both ES EN 1998:2015 and NEHRP provisions. However, the local code still fails to
accurately represent these sites. In most cases, the NEHRP provisions fit the study area

better, while the ES EN 1998:2015 standards do not adequately represent these study sites.
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Response spectra from SPT data

Comparing mean one- and two-dimensional response spectra with code spectra reveals
significant spectral accelerations. In one-dimensional analysis, accelerations between 0.5¢g
and 1.23g occur from 0.05 seconds to 0.5 seconds. Similarly, two-dimensional analysis
shows accelerations ranging from 0.36g to 0.67g within the same timeframe. Notably, the
response spectra in this study align closely with NEHRP provisions but underestimated by
ES EN 1998:2015.

Between the time periods of 0.05 and 0.5 second, local code spectra tend to underestimate
the spectral acceleration in most cases. However, between 0.5 second and 1.5 seconds,
both code spectra overestimate the spectral acceleration in most cases. This discrepancy
suggests a need for further examination and adjustment in code provisions to ensure more
accurate estimations across various time intervals. Figures 6-22 to 6-26 indicate the

comparison between the mean response spectra from SPT data and the code spectra.
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Figure 6-22: Comparison of mean response spectra from SPT data with code spectra: (a) Akaki
kality
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Figure 6-23: Comparison of mean response spectra from SPT data with code spectra: (b) Kirkos,
and (c) Kolfe keranyo
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Figure 6-24: Comparison of mean response spectra from SPT data with code spectra: (d) Lafto-1,
and (e) Lafto-2
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Figure 6-25:Comparison of mean response spectra from SPT data with code spectra: (f) Lafto-3,
and (g) Lideta-1
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Figure 6-26: Comparison of mean response spectra from SPT data with code spectra: (h) Lideta-
2

For Seismic survey data

Accelerations in one-dimensional analysis range from 0.52g to 1.37g and take place
between 0.05 and 0.5 seconds. And, two-dimensional analysis reveals accelerations in the
same time interval of 0.3g to 0.76g. Notably, this study's two- dimensional response
spectra underestimated by ES EN 1998:2015 standards while nearly matching NEHRP

requirements.

In nearly all cases, local code spectra underestimate the spectral acceleration between the
time intervals of 0.05 and 0.5 second. Nevertheless, they typically overestimate the
spectral acceleration between 0.5 and 1.5 seconds. This results indicates that additional
research and modification of code provisions are necessary to provide more precise
approximations over a range of time periods. The comparison of the code spectra and the

mean response spectra from seismic survey data is shown in Figure 6-27 and Figure 6-28.
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Figure 6-27: Comparison of mean response spectra from Seismic survey with code spectra: (a)
Akaki kality, and (b) Kirkos
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Figure 6-28: Comparison of mean response spectra from Seismic survey with code spectra: (c)
Lafto, and (d) Lideta
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6.3.Seismic micro zonation

Seismic micro zonation refers to the partitioning of an area with comparatively equal
exposure to different types of earthquake related activity or the identification of specific
locations with varying potential for seismic effects (Walling & Mohanty, 2009). It
involves the assessment of local geological, geotechnical, and seismological conditions to
evaluate factors such as soil behavior, ground shaking potential and liquefaction risk

during an earthquake.

The purpose of micro zonation is to provide precise maps that identify regions with varying
seismic risk, enabling more accurate planning and mitigation methods. Seismic micro
zonation is necessary for areas of high seismic hazard, such as urban areas and areas that
are soon to become urban, as well as for areas with moderate or low seismic hazard but
where amplification is expected due to local geological conditions. The extent of the
ground shaking during an earthquake is the most significant factor in determining the
damage pattern caused by an earthquake (Walling & Mohanty, 2009). The results of micro
zonation are crucial for urban planning, land use regulations, and designing earthquake
resistant structures, as they help authorities and engineers understand and minimize the

impact of seismic excitations.

Seismic micro zonation can be efficiently carried out with Geographic Information
Systems (GIS). Strong tools are available in GIS for organizing, evaluating, and displaying
many datasets such as seismicity, topography, and soil properties that are necessary for

micro zonation.

6.3.1. Geographic Information System (GIS) data

Geographic Information System is a powerful tool used for capturing, storing, analyzing,
and visualizing spatial and geographic data. It allows users to create detailed maps,
perform spatial analysis, and model relationships between different geographical features.
To create extensive spatial information, GIS software can incorporate a variety of data

sources, including GPS coordinates, survey data, and satellite images.

GIS has numerous uses in the fields of land development, housing, transportation, land
use, and the environment. Analyzing the suitability of the land and choosing a site are
major examples (Yeh, 2005).
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Some widely used GIS software includes ArcGIS, QGIS, and Maplinfo, each offering
features like data management, geo-processing, and advanced visualization tools. ArcGIS
is used for this study since it is an advanced GIS tool due to its reliable capabilities for
handling large datasets, performing complex spatial analysis, and producing high quality

visualizations.

6.3.2. Shape file of Addis Ababa

Geometric data types, such as points, lines, and polygons, are stored in shape files along
with a table of records that contains data attributes and properties. When combined with
data properties, shapes (points, lines, and polygons) can form an endless number of
representations for geographical data. (Shardul M. Chokshi, 2011). The shape file of
countries can be obtained from several reliable sources, including GADM.org, DIVA-GIS,
and Natural Earth, which offer free access to detailed administrative boundary data. For

this study GADM.org is used for mapping in GIS.

The Global Administrative Areas (GADM) database offers comprehensive, accessible
spatial data on administrative borders for every country worldwide. For usage with GIS
software, it provides geographic data on numerous levels, including boundaries for
countries, states, provinces, and districts. This data can be downloaded in a variety of
forms, such as shape files and geo-packages. GADM is used since this study requires

clearly defined administrative borders.

The GADM website is accessed, and a search for Ethiopia is done in order to obtain the
Addis Ababa shape file. Based on the findings, Addis Ababa's administrative level is
chosen. Then, after downloading the shape file in the proper format, it is imported into
GIS software to be further processed. The South - Western part of Addis Ababa is then
extracted from Addis Ababa’s shape file using the attribute data earned from the shape file
collected from GADM website.

6.3.3. Mapping two dimensional ground response analysis results

A comprehensive seismic hazard map is created for five specific sub cities inside the city
using the shape file of Addis Ababa and the outcomes of the two-dimensional ground
response analysis. The precise administrative boundaries provided by the shape file is

utilized to determine the geographical limits of each sub city of the study.
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The map illustrates zones of higher and lower seismic amplification by highlighting
varying peak ground acceleration results. GIS data combined with ground response
analysis provides a thorough visual illustration of the South — Western part of Addis
Ababa's potential seismic response. Figure 6-29 illustrates the Seismic micro zonation map
of the study area.

Seismic micro zonation map

Legend

[ 0.11g-02¢
B 0.21g-0.3g

Figure 6-29: Seismic micro zonation map
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The seismic micro zonation map indicated in Figure 6-29 shows that Kolfe keranyo,
Lideta, and Nifas silk lafto sub cities from the study area have magnified the input ground
motion between 0.21 g and 0.3 g, whereas Kirkos and Akaki kality sub cities have
magnified the input ground motion between 0.11 g and 0.21 g, indicating relatively less

susceptibility to earthquake-induced problems.

In the previous study by Getu (2023), the PGA results for the three study areas are as
follows: Mexico (in Lideta sub city) recorded a PGA of 0.23g, Jemo (in Lafto sub city)
recorded 0.21g, and Genet Hotel (in Kirkos sub city) recorded 0.18g. Comparing the
previous study with this study's micro zonation map, | found that its results align closely
and can be incorporated into this map, indicating strong agreement between the findings.
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CHAPTER SEVEN

7. CONCLUSION AND RECOMMENDATION

7.1. Conclusion

To conduct two-dimensional ground response analysis in the South - Western part of Addis
Ababa, representative geotechnical and geophysical data were collected from various sites
within the study boundary. Based on the collected data, the sites are characterized
accordingly. And this detailed characterization helps in understanding the diverse

subsurface conditions.

Using the collected input data and earthquake motion, which is filtered from the PEER
ground motion database, two-dimensional ground response analysis is conducted for each
site using PLAXIS 2D software. The analysis provides detailed insights into site-specific
responses. And the Seismic micro zonation map is produced combining shape files and
peak ground response analysis results. Based on the results, the following conclusions are

drawn.

« The range of the peak ground acceleration for two-dimensional analysis, as
determined by geotechnical data, is 0.17 g to 0.28g, while for geophysical data, it
is 0.14g to 0.29g. These PGA results show that the input ground motion is
amplified by about 2.

e The mean response spectra from one-dimensional analysis range from 0.5g to
1.23g based on SPT data and from 0.52g to 1.37g based on seismic survey data.
For two-dimensional analysis, the mean response spectra range from 0.36g to 0.67g
based on SPT data and from 0.3g to 0.76g based on seismic survey data. These
results indicate a significant difference between one-dimensional and two-

dimensional analyses.

e The comparison between one-dimensional and two-dimensional mean response
spectra with the code spectra reveals significant differences. Between the time
periods of 0.05 and 0.5 seconds, local code ES EN 1998:2015 tend to underestimate
the spectral acceleration in most cases but closer to NEHRP provisions.
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Conversely, between 0.5 second and 1.5 seconds, they generally overestimate the
spectral acceleration. Notably, the results from two-dimensional analysis align
more closely with NEHRP provisions. This indicates a need to revise the local code
design spectra, as it currently underestimates the mean response spectra for the

entire study area.

e The seismic micro zonation indicated that Kolfe keranyo, Lideta, and Nifas silk
lafto sub cities have magnified the input ground motion between 0.21g and 0.3g,
whereas Kirkos and Akaki kality sub cities have magnified the input ground motion
between 0.11g and 0.2g, indicating relatively less susceptibility to earthquake

induced problems.

e In the previous study by Getu (2023), the PGA results for the three study areas are,
Mexico (in Lideta sub city) recorded a PGA of 0.23g, Jemo (in Lafto sub city)
recorded 0.21g, and Genet Hotel (in Kirkos sub city) recorded 0.18g. | found that
its results align closely and can be incorporated into this micro zonation map,
indicating strong agreement between the findings.

7.2. Recommendation

The study found that the selected sites in the South - Western part of Addis Ababa
amplified the input ground motion more than the local code spectra estimates but near to
the NEHRP provisions. Therefore, it is recommended to revise the local code spectra and
conduct a detailed investigation and mapping of the rest six sub cities of Addis Ababa to

ensure accurate seismic risk assessment and improve safety measures.
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Appendix A

Peak Ground Acceleration (PGA)

a. Based on SPT data
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Figure A- 1: PGA results from SPT data: a) Akaki kality,and (b) Kirkos
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Figure A- 2: PGA results from SPT data: (c) Kolfe keranyo,and (d) Lafto-1
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Figure A- 3: PGA results from SPT data: (e) Lafto-2,and (f) Lafto-3
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Figure A- 4: PGA results from SPT data: (g) Lideta-1,and (h) Lideta-2
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b. Based on Seismic survey data
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Figure A- 5: PGA results from Seismic survey data: (a) Akaki Kality, and (b) Kirkos
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Figure A- 6: PGA results from Seismic survey data: (c) Lafto, and (d) Lideta
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c. Comparison of PGA results with input motion
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Figure A- 7: Comparison of PGA results with the input motion: (a) Akaki kality, and (b) Kirkos
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Figure A- 8: Comparison of PGA results with the input motion: (c) Kolfe keranyo, and (d) Lafto
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Figure A- 9: Comparison of PGA results with the input motion: (e) Lideta
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a. Based on SPT data

Appendix B

Response spectra

one dimensional response spectra
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Figure B- 1: One dimensional response spectra from SPT data : (a) Akaki kality, and (b) Kirkos
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Figure B- 2: One dimensional response spectra from SPT data : (c) Kolfe keranyo, and (d) Lafto-
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Figure B- 3: One dimensional response spectra from SPT data : (e) Lafto-2, and (f) Lafto-3
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Figure B- 4: One dimensional response spectra from SPT data : (g) Lideta-1, and (h) Lideta-2
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Figure B- 5: Two dimensional response spectra from SPT data : (a) Akaki kality, and (b) Kirkos
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Figure B- 7: Two dimensional response spectra from SPT data : (e) Lafto-2, and (f) Lafto-3
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Figure B- 8: Two dimensional response spectra from SPT data : (g) Lideta-1, and (h) Lideta-2
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b. Based on Seismic survey

One dimensional response spectra
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Figure B- 9: One dimensional response spectra from Seismic survey data : (a) Akaki kality, and

(b) Kirkos
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Two dimensional response spectra
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Figure B- 11: Two dimensional response spectra from Seismic survey data : (a) Akaki kality, and
(b) Kirkos
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Appendix C

Description of geotechnical layers

a. Akaki kality
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100 14,00-17.00m Black To
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E BH-1 Depth 11.50-18.00m

Consultant

Subcontractor

Supervisor:

Logged By: Michael Shiferaw
Approved By

Type of Rig:Korean

Drilling Method: Rotary

Bit Type:Tungusten carbide , Diamond
Bit diameter(mm):101mm,86mm

BH=Borehole

N=Blows/30cm

SPT=Standard Penetration Test
USCS=Unified Soil Classification System
RQD=Rock quality designation
TCR=Total core recovery

AFS=Averge fracture spacing
Re=Rock core

[ oo Y — |

Disturbed sample

Undisturbed sample

Static groundwater level

REMARK:
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T |~
JdEE 2 g
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Consultant: Drilling Method: Rotary
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Supervisor: Bit Type:Tungusten carbide , Diamond
Logged By: Michael Shiferaw Bit diameter(mm):101mm,86mm
Approved By:
BH=Borehole
N=Blows/30cm |:| Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery Static groundwater level
AFS=Averge fracture spacing
Re=Rock core

PLEASE MAKE SURE THIS IS THE CORRECT ISSUE BEFORE USE
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SPT=Standard Penetration Test
USCS=Unified Soil Classification System |:| Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery Static groundwater level
AFS=Averge fracture spacing
Rc=Rock core
PLEASE MAKE SURE THIS IS THE CORRECT ISSUE BEFORE USE
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Logged By: Michael Shiferaw Bit diameter(mm):101mm,86mm
Approved By:
BH=Borehole )
N=Blows/30cm Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System |:| Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery Static groundwater level
AFS=Averge fracture spacing
Re=Rock core
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

Z |z e
| £|E E =
5 2 Fl - ‘E . Field Description of = j Core Photographs
Elw|l8 |glEle]l=]|4 Soil/rock Z =
el Ele |8 |2 |g| 8|8 -
S| S|E|e|= |2 |E a5 S
3 0.00m-1.00m Light brown to ligh )
3 brown SILT with Gravel =\
1005 = >
31.50 100.9 1.50 =
3 2,12
2003 195
200.53.00 100.9 300|300
= B.3.4
E 343 400
#3450 (12 |13 1o0,g 160l [
E 2.2,
slno—§ 500
o0 36:00 100.0 1.00m-15.00m Black highly:
36,50 100.0 6.50]6.50 plastic Silty CLAY
3 3,4.6
700 3 1.50
500 28.00 100.0 8.00
3 2,2,4
E 1.50
9.00 3
$5.50 100.0 9.50/9.50
3 3,3.3
m.m]g 150 |:|
1100 511.00 00.0 :1314?06
E 90.0 11.45
o 212.00 1431200
312,40 100.0 12.50
13003 3,3,3
E 12.93
100 314.00 100.9 14.00
E 2,23
150031500 00 14.45 BH 3 Depth 10.20-16.00m
3 155
= 7,91
E 1599
Consultant: Drilling Method: Rotary
Subcontractor: Type of Rig:Korean
Supervisor: Bit Type:Tungusten carbide , Diamond
Logged By: Michael Shiferaw Bit diameter(mm):101mm,86mm
Approved By:
BH=Borehole )
N=Blows/30cm Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery Static groundwater level
AFS=Averge fracture spacing
Re=Rock core

PLEASE MAKE SURE THIS IS THE CORRECT ISSUE BEFORE USE

MSc Thesis Page 119



Site specific Ground Response Analysis at South - Western part of Addis Ababa

E ElE E =
21813 IE » Field Description of = = Core Photographs
Elwl8 g8 e|=z]3 Soil/rock 2
sls|e|E|5lE 5|88 S
s8I |B|=&|<|d|&]|> S| ©
100
317.00 | 17.00)
17.50 15.00m-20.00m Light brown to
8.00 18.00 black Clayey SILT
E 100 5,9.1
18.45|
19.5 —
20.00 86
20.00m-24.00m Light brown to
black clayey SILT
con 2200
E 100
23,00
323.50 L P3,50 23.50
E £,4,4 H
b2 oo
100 F3.93
25.00 5.00 BH 3 Depth 24.00-30.00m
Ref,>30 24.00m-30.00m Light brown to
black clayey SILT with some
100 Gravels(Cobels)
26.50 26.50
Ref,>30
327.50
oa00 3280
2000290
End Of Bore Hol
Consultant: Drilling Method: Rotary
Subcoqtractor: Type of Rig:Korean
Supervisor: ) ) Bit Type:Tungusten carbide , Diamond
Logged By: Michael Shiferaw Bit diameter(mm):101mm,86mm
Approved By:
BH=Borehole
N=Blows/30cm Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery Static groundwater level
AFS=Averge fracture spacing
Rc=Rock core

PLEASE MAKE SURE THIS IS THE CORRECT ISSUE BEFORE USE
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

=
2| £ |E 5 3
] 2 F N ? & Field Description of N Core Photographs
Elw|d |g|B|8|=z2]3] 4 Soil/rock =
sl dlelz|8lz|lg| g8 g 2
ElElg|E|2|8|5|5|¢ HE
100
0.00m-2.50m Light brown to
1.50 1.50 redish silty sand with Gravels
6,79 (Back fill material)
200
100 193 o
200.33:00 3.00 |
4,6.7
3.45
400 4.50 113 |113 450
€.7.95.50
500 :
6.00 6.00
600 g9
6.45 2.50m-11.00m Black highly
700 100 ' plastic Silty CLAY
7.50 7.50
7.9
800 7.95(8.50
100
9.00 9.00
200 6.6.8
9.45
1000 100 0.50
10.50 10.5¢10:
S,5,6
oo 100 10.93
12.00312.00 12.00 1.00-16.00m Light grey to ligh
>S50 brown Clayey SILT
13.00 100
13.5( 13.50
>S50
14.00
86 | 100
15.00 15.00
15,003 — e
BH-4 Depth 11.00-16.00m
Consultant: Drilling Method: Rotary
Subcontractor: Type of Rig:Korean
Supervisor: Bit Type:Tungusten carbide , Diamond

Logged By: Michael Shiferaw
Approved By:

Bit diameter(mm):101mm,86mm

BH=Borehole
N=Blows/30cm
SPT=Standard Penetration Test

Disturbed sample

I

USCS=Unified Soil Classification System Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery Static groundwater level
AFS=Averge fracture spacing
Re=Rock core
PLEASE MAKE SURE THIS IS THE CORRECT ISSUE BEFORE USE
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

T £ g E P
§ g E N ? & Field D?scription of j Core Photographs
el |elBle]l=]2] 4 Soil/rock =
8|2 |2|gl2|5| &3 5| B
S|l 8|2 [B|=|<2|ad|g]|> 5| ©
16.
6.50 16.5016.5(
E >20 |:|
17,003
317.50 16.00-20.00m light grey to
3 light brown Clayey SILT with
18.003 some Cobles (gravels)
190 519.00
=R0.00
20003 86 20.0
3 3.4.4
100
21.0 150 alls
. — >S50
22.0
100
0022300 — 23.0023.0
230 %y |:|
240 100
4.5 ] 24.50
3,4.,4
a0 20.00-30.00m light brown to
Dark Brown sandy SILT
seny 2600 2657650
33,4 |:|
27.0
28.00
>50
28,0
2900P2.00
30‘.".2 BH-4 Depth 27.50-30.00m
31003
Consultant: Drilling Method: Rotary
Subcon}ractor: Type of Rig:Korean
Supervisor: Bit Type:Tungusten carbide , Diamond

Logged By: Michael Shiferaw
Approved By:

Bit diameter(mm):101mm,86mm

BH=Borehole

N=Blows/30cm

SPT=Standard Penetration Test
USCS=Unified Soil Classification System
RQD=Rock quality designation
TCR=Total core recovery

AFS=Averge fracture spacing

Rc=Rock core

|:| Disturbed sample

Undisturbed sample

Static groundwater level

REMARK:
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

T |z E
z| £ B E g s
T::; = ] n ? ) Field D?scription of = j Core Photographs
Flaewl|ld gl | = 2 " Soil/rock = 2
el le |55zl 8|a ERAE
S| 8|2 |8 = 2 %) 5 =] =S| 5| o
000
1003 100 0.00m-3.50m Light brown Silty
31.50 1.50 SAND with gravel (backfill
E 50 material)
200
3 100
2005300 L 3,00
E S0
E 100
L P 113 |113 450 450 :
3 3.4, |:|
500
3 100
600 36.00 6.00 |6.00
= 4.0.6
3 B.50m-16.00m Black Highly
700 _i 100 plastic Silty CLAY
3 8.00
38.00 8.00
800 E | 4.6,
3 9.00
9.00 5 100
39.50 9.50 - 3 Cvmoat
E 5,4,4
10003 960 BH-6 Depth 4.00-10.00m
3 100
E 11.50
11.00 3 11.50
311.50 4,4,5
1200512.00 12.00
= 23,4
13.00—E 100
3 13.50
1a00 314.00 14.10
g 3,4,5
3 86 15.50
15003 100 15.60
E 4.5.7
E BH-6 Depth 10.00-15.50m
Consultant: Drilling Method: Rotary
Subcontractor: Type of Rig:Korean
Supervisor: ) ) Bit Type:Tungusten carbide , Diamond
Logged By: Michael Shiferaw Bit diameter(mm):101mm,86mm
Approved By:
BH=Borehole )
N=Blows/30cm Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery Static groundwater level
AFS=Averge fracture spacing
Re=Rock core

PLEASE MAKE SURE THIS IS THE CORRECT ISSUE BEFORE USE
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

CHES
B8 2 g
B T | = o . N
= g |s . ® = Field D_escrlptwn of :: Core Photographs
Elw|8 (g|lE8|s|=|42]., Soil/rock =
ol Ele |BE|lE |7 | = g o &l 2
5 213 13 g | = o, E 2] o =
16.00 o o T = = - “w = S| @
17003
mna%
3 6.00m-21.00m Light brown to
3 ight Grey sandy SILT
._ 0.00 20.00
20003 86 20,00
; 2
21003 2150
E) ,
3‘1'50 — 3,9,
aa.oeg
3 21.00m-30.00m Light brown to
2300 £3:00 23.0 black clayey SILT
E 24,3
24,003
$4.5( 24.5@4.50
3 ] 3.5,
25.00]
$6.00 26.0
es‘““; | 4,6,
27.003
$£7.5( 27.5
E| >50
28,00—|
2900 29:50 29.5
E 5,6,10
30003
3 =
E BH-6 Depth 25.00-30.00m
Consultant: Drilling Method: Rotary
Subcontractor: Type of Rig:Korean
Supervisor: ) ) Bit Type:Tungusten carbide , Diamond
Logged By: Michael Shiferaw Bit diameter(mm):101mm,86mm
Approved By:
BH=Borehole .
N=Blows/30cm Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery Static groundwater level
AFS=Averge fracture spacing
Rc=Rock core
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

T |=
gl |E 2 3
E 2 F _ "‘:3 » Field Déscription of j Core Photographs
Elwld g8 |w|=] 4 Soil/rock =
slsle |5l8lE|s|E|8 I
o0 sSls|2 |E8l=|<|ada|&]|> Sl ©
1.00 —; 100 0.00m-3.00m reddish to light gre
31.50 1.50 CLAY with gravels
3 >S50
2,00
3 100
300.33:00 L 3.00
E 8,1
wd _ 113 |13 [19°
_4.50 4:50
E 4,6.9
5003
% 100
60 36.00 6.00 |6.00
00 — 1.0 |:|
7.90—5 100
3 8.00
800 ;8'00 — 4.6, 9|.:[|]0
9.oo—§ 100
39.50 9.50
3 5,6,7
10,003
3 100 11.00
3 4.6,6
1100 ;11'09 — B.00-18.00m black highly plastic
3 silty CLAY.
12003 100 12,00
12,60 12,60
E 4,58
13003
E 100
1400514.10 I 14.10
3 5,7.8
15003 8 |00 . ; i
F15.6 15.60
E 100 6,7,9 BH-7 Depth 9.00-14.50m
Consultant: Drilling Method: Rotary
Subcon_tractor: Type of Rig:Korean
Supervisor: ) ‘ Bit Type:Tungusten carbide , Diamond
Logged By: Michael Shiferaw Bit diameter(mm):101mm,86mm
Approved By:
BH=Borehole .
N=Blows/30cm Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery Static groundwater level
AFS=Averge fracture spacing
Re=Rock core
PLEASE MAKE SURE THIS IS THE CORRECT ISSUE BEFORE USE
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

]
P
2| E g |
18 |3 “I; . Field Description of Core Photographs
2| w8 Sl E|x|= 2w Soil/rock
) -] [ ‘Q_ﬁ’ E 173 B g [ &) =
5lElz|E|2|5|%|8]|¢8 5
100
oo 120 - 17.00
3 5.7.8 18.00m-20.00m Light grey to
13.00% 100 light brown sandy SILT
318,60 — 18.60
3 7,8,9
=
100
86 : il [~
100 20.50 BH-7 Depth 14.50-19.00m
5.7.9 S
100 2 > ;
22.00
4,711
100
32330 23.5
E| | 7,89
24003
3 100 » :
= —] = [ BH-7 Depth 19.00-2450n |
3 >S50 20.00m-30.00m light brown BH-7 Depth 19.00-24.50
= clayey SILT S
26005 100
265 26.5
3 713,15
27.005
3 100
28.0 538.00 L 28.00
3 8,11,16
3 100
29003
=295 29.0
30003 100 012,16
3100 =
Consultant: Drilling Method: Rotary
Subcontractor: Type of Rig:Korean
Supervisor: Bit Type:Tungusten carbide , Diamond
Logged By: Michael Shiferaw Bit diameter(mm):101lmm,86mm
Approved By:
BH=Borehole
N=Blows/30cm Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System |:| Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery Static groundwater level
AFS=Averge fracture spacing
Re=Rock core

PLEASE MAKE SURE THIS IS THE CORRECT ISSUE BEFORE USE
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

Core run(m)
Casing Dia(mm)
Hole Dia.(mm)

TCR(%)
RQD(%)
AFS(%)

SPT N-value

Sampling

Field Description of
Soil/rock

Uscs

GWL

Core Photographs

—_
o

0

100

113 |113 | 100

100

100

12,00

100

100

12.00 100

14,00

12.50 I

100
14.00

T

86

\|/ 100

4.50

4.95

6,45

8.00

2,2,3

8.45
9.50

9.95
11.00

3,4.4

2,3.4
12,93

14.5(
4,5,6
14.93

6.00 |6.00

3.4.5) 9.50

11,4512,00
12,50

3,00

14,50

15,50

0.00m-1.00m Light brown to
Dark brown clayey sandy SILT

ap|
Q
-
L]
-1
re)
a,
o
[
&)

with Gravels =

1.00m-16.00m Black highly
plastic Silty CLAY

|

BH-8 Depth 11.00-18.00m

Consultant:

Subcontractor:

Supervisor:

Logged By: Michael Shiferaw
Approved By:

Drilling Method: Rotary
Type of Rig:Korean

Bit Type:Tungusten carbide , Diamond

Bit diameter(mm):101mm,86mm

BH=Borehole
N=Blows/30cm

TCR=Total core recovery

Re=Rock core

SPT=Standard Penetration Test
USCS=Unified Soil Classification System

RQD=Rock quality designation

AFS=Averge fracture spacing

|:| Disturbed sample
|:| Undisturbed sample

Static groundwater level

PLEASE MAKE SURE THIS IS THE CORRECT ISSUE BEFORE USE
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

_ ]
e |z e
AEAE 3 S
2| & |3 ? E Field Description of = j Core Photographs
2| w |8 S| E | |= & Soil/rock g
elilz|2l5|2|s|d]|8 hE
ol S| 8|2 |2 =688 50 @
3 100 o
17 9317'00 1é_95
3750 100 16.00-21.00m Black highly
318.00 18.00/18.00 plastic silty CLAY soil
18,003} —
3 9,6.8
3 18.45
1900 100 19.00
519.50 :
0,04 5,8,10
20005— 86 — 19.45
3 100
210 221.00 El.SUE
3 51.45 21.00m-23.00m Light brown t ®
2100 " black clayey SILT
E 100
eméea,o
2300 23:00 100 b3,00230
$35 Ref
3 | S0
24003
:Juu§25v0 |
E 23.00m-30.00m Light brown
E black Clayey SILT with
26,003 Gravels and Cobles
65
3 27.00
27.005
e (Ref5/0f
3 >50
2800280 |:|
2903290
20,00 230.00 End of Bore Hole BH-8 Depth 28.00-30.00m
Consultant: Drilling Method: Rotary
Subcontractor: Type of Rig:Korean
Supervisor: Bit Type:Tungusten carbide , Diamond
Logged By: Michael Shiferaw Bit diameter(mm):101mm,86mm
Approved By:
BH=Borehole X
N=Blows,/30cm Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery Static groundwater level
AFS=Averge fracture spacing
Rc=Rock core

PLEASE MAKE SURE THIS IS THE CORRECT ISSUE BEFORE USE
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Site specific Ground Response Analysis at South

- Western part of Addis Ababa

7 |z £
7| & E 2 = ¥
| & 13 ~ T; ® Field Description of - Core Photographs
2 w |8 sl E|=g|=]|3 Soil/rock -
sléle |52 |s|5]|8 5l g
U IS Slg |8|®|<|d]|d]| 5 5| ©
3 D.00m -2.00m light brown to
e 100 redish Silty SAND With gravel
31.50 1.50
E >S5S0
200
3 100
30053:00 3.00| 3.00
3 100
4003, 50113 (113 450 2.00m-16.00m Black Highly
E - plastic CLAY
5.00
3 100
3 5,50
6.00— —
36.50 6.10
1.oo—§ 100 i 610
z — 7.50 I:I
800 3 3.3.4
38.50 100
3 9.00 S.00
9.00 — :
3 100
10,003
310.50 10.50
3 2,3,4
1100 =
3150 100 1150
iem 320 Ty 12.50
EIE 100 bt
:18 S0 557
13.003
313,50 100 13.5013.50
E 3.3,4
14,00
3 100
150051500 86| | 15.00
= 335
3 100
3 BH-9 Depth 9.00-14.50m
Consultant: Drilling Method: Rotary
Subcontractor: Type of Rig:Korean
Supervisor: Bit Type:Tungusten carbide , Diamond
Logged By: Michael Shiferaw Bit diameter(mm):101mm,86mm
Approved By:
BH=Borehole X
N=Blows/30cm Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery Static groundwater level
AFS=Averge fracture spacing
Re=Rock core
PLEASE MAKE SURE THIS IS THE CORRECT ISSUE BEFORE USE
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

g |~
dEak 2 ¥
=1 2 |3 ? & Field Description of j Core Photographs
Elwl|d |glE |5l = = Soil/rock |
el 5|2 |5|8|E |5 | 8|8 HE
. Sls|2|28|&|<|ad|&]|5 5| o
316.50 100 16.5016.50
3 4,5.5
17,063 0
E 100 16.00-21.00mBlack to light brow:iE
318.0 18.00 highly plastic silty clay
= 3.4,
19.092 100
319.50 19.30
3 ,8,10
20.065 86
E 100 BH-9 Depth 14.50-21.50
205210 2100 P e
3 .6, SRR, T |
3 100 A R
22063
322.90 ?8.5G3 0
23005 b.8.1 £1.00-30.00m Light yelowish to
e 100 light brown Clayey SILT
zw-é L P4.0024.00
324.90 8,11
as.oné 100
3 P5.50
3 b,7,10
26‘““:26.00
3 100
2e7.0p £7.0027.00
27.wE — S50 |:|
za.oné
E 100
as‘oné
>9.5 £9.50P3.50
3 >50
30,005
3 100
3100 B1.00 BH-9 Depth 27.50-33.00m
Consultant: Drilling Method: Rotary
Subcon_tra(.:tor: Type of Rig:Korean
Supervisor: ) ) Bit Type:Tungusten carbide , Diamond
Logged By: Michael Shiferaw Bit diameter(mm):101mm,86mm
Approved By:
BH=Borehole
N=Blows,/30cm |:| Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery Static groundwater level
AFS=Averge fracture spacing
Re=Rock core
PLEASE MAKE SURE THIS IS THE CORRECT ISSUE BEFORE USE
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

g |3 2
| £ |E 3 =
g | & @ . s =
Tl a3 > & Field Description of = j Core Photographs
Elw(B |g|EB|8E|=2]|4 " Soil/rock Z|
G2 |E|S|E || 8|8 e g
sl @ |8 || 8|5 e @ =| = 5
20l O 1 © i = 0 2 HES
32,50
3306
34,003 . .
3 30.00-40.00m Light yellowish
E Sandy SILT with gravels and
35065 Cobles
=35.50
ae,oé 86 : 3
3 BH-9 Depth 33.00-38.60m
37‘,?37,00 F
E '
38.06] p*"
End of Bore Hole E
E BH-9 Depth 38.60-40.00m
46,00 é
7003 E
Consultant: Drilling Method: Rotary
Subcon'tractor: Type of Rig:Korean
Supervisor: ) . Bit Type:Tungusten carbide , Diamond
Logged By: Michael Shiferaw Bit diameter(mm):101mm,86mm
Approved By:
BH=Borehole
N=Blows/30cm Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery Static groundwater level
AFS=Averge fracture spacing
Re=Rock core

PLEASE MAKE SURE THIS IS THE CORRECT ISSUE BEFORE USE
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

o

Kirkos Sub city

e meme e e e ym—n e —
o
2 .
- : |3 5 %
C faka |3 . ot ks
1 a E 5 E Pl Field Description of -
fle |E| 2988 |=]| 2 Soil/Tock 2 E
ol |B |8 |2 |& | = 4] & [a
w8 |8 |3 5| E @ s |=
Sle |® |o |= 20 -1 5 & |o
1-0.80 1—100 — 1L
- 150 Medium stiff; black, high plastic silty CLAY with
—1.50 1-100 — WEVGY some gravels soil layer.
5235100 —
Em-hmi b !
300375310 1100 =
WUE_Q"’U‘_M_ . Weak to very weak, greenish gray, moderately jointed,
3 ‘moderately weathered IGNIMBRITE rock layer.
smé—s.oo 4100
E 650
7.00 S~7.00 4100 — 7.
3 7.50
E B 5/7/1
800 3
3 »
.00 =-9.00 4100 | 9.00 | . . . .
3 b/5/1 Vuymﬂmhgd.mddﬂnhvwdmd),hghnlnm
3 clayey SILT with trace sand soil layer.
10,00 51 100 —
10.50,
F0se-i00 o fo/isA8
1100
é—ll.SD-—lM -
E 12.00) |1:
lEﬂDE—IZ.W—lm — 575 /15 12,00
1300213001100 - Aﬁ'
E I I 13.5
Elng £/779 ‘“ SﬁENVuylt'iﬂ,vuiwdoolm,bwhhighplnﬁc
1403 5| sandy SILT with trace clay and weak core stones
E T (below 16.00m) weathering product of scoratious
1500315004100 | 15.00 vesicular Basalt.
3 - b/7/9|
‘“02—15.7\}—100— E NN
Consultant: Drilling Method: Rotary Core Drilling
Subcontracter: Type of Rig: XY—-200 (China Made)
Supervisor: Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & 89
Approved By:
BH=Borehole .
N-Blows,/300mm ¥ Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System I] Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery I Rock sample
AFS=Averge fracture spacing
Av4 Static groundwater level
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

1
-
0 |0 ®
= s ? = o)
g 9 £ g ; inti ]
1 bE 3 E Pl Field Description of . |7
g ® X o AR | = 3 Soil/rock 2 [S
tlE|8(5(3|2|5|8|2 £ |k
S| |= S |2 |9 | a3 & o
16,00 R
E NN
F 16751100 i NN
17003 17251 BN
: G =N
18001800100 .00 Stiff o very stiff, variegated color, low o highsandy  =ZIN1W0
3 E SILT with trace clay and weak core stones (below 55\3:\1
3 1850 16.00m) weathering product of scoratious vesicular EI NN
19003 Basalt SRR
3 1940100 19.40 ] NN
3 10713417 = \;lﬂﬁ
E E NN
20003 = Qil’ti%
S-2050{-100 | = %‘3‘3:3
21003 28 NN
3 S NN
E—et.sa'r—trm— 5150 E :;\X\}
22003 ZIRIN
g—aa.w-mo— 5’-‘@ POV
23110% _E Vv
S-ease-436--216 Z V
24003 % ::@I:-E Strong to weak, dark gray, slightly to moderately weathered, = VvV
S 2ese-90 45 y crushed to moderately fractured BASALT rock layer. =
25003 = V V
as.uo%—as.no—as.%—a.s— E V
2—26.40—90 —196 — é
27005 = VV
§—27.49—50 —1-96 — é V
za.uné—aa.no-sn —-96 .M; =
3 =Bt
29003 9.00 =
RS Very dense, variegated color (brown), low plastic silty = 3
3 29,50 GRAVEL/SAND with core stones (weathering product =
30,00 -5-30.001-100 — of vesicular/ scoracious Basalt) NN
3100 é—alm——mo— ﬁ ; N
= | =L\
= a170{-100 150 R
32,00 5 —
Consultant: Drilling Method: Rotary Core Drilling
Subcontractor: Type of Rig: XY-200 (China Made)
Supervisor: Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & 89
Approved By:
BH=Borehole .
N=Blows/300mm Y Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System I] Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery l Rock sample
AFS=Averge fracture spacing
AvA Static groundwater level
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

Field Description of
Soil/rock

Core run(m)

TCR(%)

RQD(%)

Casi Diameter
n%mm)

Hole Diameter

(mm)

AFS(%)

SPT N—value

Sampling

uscs

GWL (m)

# Graphic Log

8
A
”
%

?Illllllll?lllllllll

TIIII|IIIITIIIIlIIIITIIIIlIIIITIIII|IIII

Y

|
8
8

.361—100 —

W
@

Ca

—33.761-82 ——20 —

w
=

—34.361-83.3— 0 —

Strong to very weak, variegated color ( dominantly

—35.061-95.71 dark grey), moderately weathered and moderately
| fractured to crushed BASALT rock layer.

—36.061—-65 —15 — j@ﬁ

—37.00-75 — 0 —

&

8

w
S
=

—37.65—90 ——96 —
—38.08{—90 ——96 —

W
2

39.00 5—39.001-89 ——12
—39.26{—100 —— 0

g

400048131 0 - »

—40.551—81.8—— 0 —

4100 S—41.004—66.71 0 —

|-41801-813— 0 #32.25m to 50.25m Strong to weak, dark grey, slightly
1 4238100 - 0 to moderately weathered, closely fractured to crushed

42,00

4300 —43.261—100 —— 0 —|

44,00 =-44.00{-875- 0 —
44,5094 —24 —

45.00 5—45.061-80 —— 0 —

—45.661—83.3—1 0 —

4600 3460075 — 0 ]

c< <c< <c < <c< <c< <c< << <
cc<cec<cc<<cec<<ce<< << <<

—46.761—78.6—1— 0 —
47.00

<

—47.561—100 ——24 —|

sotund ottt bbb beotdato bt o tdaont bt o o

48.00

Consultant: Drilling Method: Rotary Core Drilling
Subcontractor: Type of Rig: XY-200 (China Made)
Supervisor: Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & 89
Approved By:

BH=Borehole

N=Blows/300mm

SPT=Standard Penetration Test
USCS=Unified Soil Classification System l] Undisturbed sample REMARK:
RQD=Rock quality designation

TCR=Total core recovery I Rock sample

AFS=Averge fracture spacing

{5 Disturbed sample

AvA Static groundwater level
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

_ -
BN
= é % g )
E 'E* E’E‘ g P inti k!
o A8 g = ield Description of -
] = a8~ g ; o |8
g |E|e83g|= | 2 Soil/rock 2 [=
elE|5|a|8|B|a|E| 8 A=
8 2| (g b} ﬁ w 7] g & o
48! 3 = V
E Cont... gV
49003490084 - 0 Strong to weak, dark gray, slightly to moderstely weathered, _EV
3 closely fractured to crushed BASALT rock layer, = v
50005500075 —-12 = V
55036833 0 = V
swné—sn.nr»—sw— —E V
3 #50.25m t0 54.75m crushed basalt - sand, gravel TV
52005}-52.00(-80 —| with clay/silt. = V
I-sece-783- E V
53005 = V
Ssasef-90 — z V
54005 =
S-sed01-956 E VV
5500-3-5500-60 —| = V
2 5559945 Z V
56,003 ] z V
Es ke *54.45m to 59.85m very weak, variegated color, highty  =| ~ \)
57.00-3-57.00- 714 wostherod, highly factured BASALT rock layer = V V
58,00 E—sa.no—mu — E V
3-s6.561-100 E v
5-56.801-83.3 s
59003 = V v
35955100 — =
3-59.85(-100 — 598F
Rl D R
2 b hard, variogated color, non high plastic sandy SR
6100 5 SILT/silty SAND with gravel soil layer. = NNNVNY
S-61.201-100 — SN
3 | NNV
6200 61857100~ = :5!%5*?
F-62.15{-100 6138 End of Borehole 621E
63003 E
6400 3 =
Consultant: Drilling Method: Rotary Core Drilling
Subcon}ratftor: Type of Rig: XY-200 (China Meade)
Supervisor: Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & 89
Approved By:
BH=Borehole .
N=Blows/300mm % Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System I] Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery I Rock sample
AFS=Averge fracture spacing
AvA Static groundwater level
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

15
-0
0 |© ™
2 ELs ] |2 g
1 55 E E g Field Description of 3 A
o 2 |78 ) o |8
S g |E|88g =& Soil/rock a2 |=
slE|8(a|3|E|E|E|2 s g
gl |& |8 (= < |6 | 8|3 & o
000 = A4
E 1L Backfill - Asphalt followed by Aggregate. E
3065100 0652
1003 : . . .
El | 150 Medium stiff, dark brown, high plastic clayey SILT soil layer. E
ER B/227R 165=
2003 Decomposed IGNIMBRITE. E
3 3.00 | 3.00 2002
3003 =
3 B/10/11 =
53501100 ':Hﬂ' =
4003 =
3 500 E
5005500100 AR =
3 Stiff to very stiff, red to yellowish, high plastic clayey SILT =
6003 with trace sand soil layer. =
3 6504100 %2 ; from 7.40 - 8.50m non plastic sandy SILT. (weathering =
7 3 product of IGNIMBRITE rock) E
3 800 E
800 ER 8,00--100 — 57778l E
E o E
9.00 =—9.00+-100 — =
3 9.50 =
3 5/9/18 ' E
10003 =
3 10.50{-100 =
3 11,00 =
1100 < 1001100 0/ E
12002 1200}-100 ::@E[J E
ER _ 12,50 =
E R I 57879 =
13003 E
31348100 134E
14003 14.20 Stiff to hard, variegated color, low to high plastic =
2 1458~100 5/5/9 lmdySlLTmﬁltmechyndvuywukmm =
15003 (weathering product of vesicular BASALT). N
- 15.101-100 SN
1600 3= - 1590 SRNNY
Consultant: Drilling Method: Rotary Core Drilling
Subcon'tracl:tor: Type of Rig: XY-200 (China Made)
Supervisor: Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & 89
Approved By:
BH=Borehole .
N=Blows,/300mm % Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System l] Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery I Rock sample
AFS=Averge fracture spacing
Avd Static groundwater level
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

9
L 1]
% |9 o
) EJe | |2 2
1 aé E E “:l»’ 2 Field Description of 3 |4
gla | & w83 g |2 | 2 Soil/rock 2 E
8= 0 | = [ g8
T 1HHAHEE : |
gleg | |38 |= |6 &3 & |©
1603 SRR
3 SEaEMY] 17.00
3 SRR
17003 —;E%Q:\l g
31748100 | l%l? Y =
Cox. E RN
31836100 Stiff to hard, variegsted color, low to high plastic Sy
3 sandy SILT with trace clay and very weak corestone ~ =iaTyt0y
1900315001100 (weathering product of vesicular BASALT). ENSIN
3 E NN
2000} 2008100 Zan
3 = 'Rl'ig’\'
a0 S-209-100 = A
*3 BN
E E N3N N
22003 E 'S;?E;}
Tadm] j@;ﬂ 24E ‘v\ X
2300 3 ' Strong to very weak, dark gray to reddish, slightly to EMA";
-2358-90 —-96 — moderately weathered BASALT/vesicular BASALT rock layer. = v
2400 3 o :j@l-:-; = V
0 3 e Los ‘ #22.40m t0 24.85m Moderately strong, dark gray, moderately EV V
EB T fractured, slightly weathered vesiculer BASALT. = V
0 3 ;VV
2 26ed-14 91 * 24.85m to 28.35m very weak, variegated color (brownish) = V
b N =,
3274460 -84 muohﬂvudmﬂnpm = V
2800 5 E V
3284476 —-93 = V
a0 ; #28.35 to 30.00m moderately to highly weathered _E V
3 vesicular BASALT. =AY,
2000 S 300845 —-100 jﬁﬁ = V
a3 #30.00m to 31.60m slightly to moderstely weathersd  =|\)
E vesiculer BASALT. H
I 31.50]—47 —87 = Vv
3200 3 =
Consultant: Drilling Method: Rotary Core Drilling
Subcontractor: Type of Rig: XY-200 (China Made)
Supervisor: Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & 89
Approved By:
BH=Borehole .
N=Blows,/300mm ¥ Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System l] Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery l Rock sample
AFS=Averge fracture spacing
AvA Static groundwater level
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

1)

3 |k
~ -+ g
: B34 | 2 ‘ . g
-1 55 i E Pl Field Description of . |7
ilg B o s O ] Soil/rock 2 [
IR ¢ |8
gle |& |8 |= < |6 |88 8 [o

33003330435 73 - #31.60m to 35.00m Strong to very weak, dark gray, E Vv

E slightly to moderstely weatherod, moderstely frctured 0 =| \/

3 jﬁ crushed BASALT. V
34002 340828 —63 — = V
3500;—35&18— 0 —-90 —E V V
. 1 Wy

3 s658-46 87 e =
37003 = VV
202 etsi e Ny

3 74 =
3900 3 jﬁl;u $Moderately sirong to strong, dark gray, fresh to moderately —;VV

239389 93 weathered, fractured to crushed BASALT. = V

3 o 41.00-42.50m crushed =
4000 E—nu.um— 0 48 ] o 49.00-49.50m crushed _§ V

3 ¢ 60.90-61.50m Brecciated = V
4100 3 = V

Fasera0 173 ;V
mm% % V

g—na.se- 0 =85 % v
803 oy 4 93] % = VV
4400 %— 44,0081 ——96 — 1 —E V V
4500 é— 450022 —1-66 — _E VV
460 é— 460821 —65 — j@;‘ _E V V
4700 3 E V

Fa758-82 193 = V
4800 3 =

Consultant: Drilling Method: Rotary Core Drilling
SUbC“'{"“‘ft°rf Type of Rig: XY-200 (China Made)
Supervisor: Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & 89
Approved By:
BH=Borehole .
N=Blows,/300mm ¥ Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System l] Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery l Rock sample
AFS=Averge fracture spacing

Avd Static groundwater level
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

19
% |5
2 Els | |2 )
-1 A 5 E E g Field Description of 3|4
] = alB~ g ; o |E
7 |E|w983g =z 2 Soil/rock 2 |[=
tlE18|3|3 128|588 £ |8
gle (& |8 |8 |%|@ 8 s |o
49.00%— 490890 —-92 — —E v V
Sn.uné—ﬁllm— 0 72 _E VV
5130%—51»9—17 —86 —E VV
samé—sane- 0 =76 —E V V
Cont. E\Y;
3003 *Moderately strong to strong, dark gray, fresh to = V
S-595¢-50 -84 i moderately weathered, moderstely fractured to gv
se03 jﬁﬁ; crushed BASALT. E\RY,
E y e 41.00 - 42.50m crushed =
S-5454-30 —-61 o 49.00-49.50 hed = V
S50 3 o 6090 61.50m Breccisted z VV
3 ss7g-20 167 ® . E V
%60 3 serg-75 -6t | j@[}f = V
57.00 é _E V V
;—S?m—ls —e0 ; v
s v
5900 E—s‘m- 0 —f40 - 1 _EV
6000 é— 60081-0 ——45 — —E VV
6100 3 Modundyﬁmdeﬂmy,ﬂighﬂyhmdmdymﬂued,—zvv
Fasel-17 |43 moderately to very closely fractured BASALT rock layer. z v
6200 3 = v
63.00 ;- 630857 —-75 - j@g ; vv
6400 3 = V
Consultant: Drilling Method: Rotary Core Drilling
Subeontractor: Type of Rig: XY-200 (China Made)
Supervisor: Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & 89
Approved By:
BH=Borehole .
N=Blows/300mm {5 Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System I] Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery l Rock sample
AFS=Averge fracture spacing
AvA Static groundwater level
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

13
BN
- E |3 3 ®
B RER = ) e
-1 35 E E ?',’ 3 Field Description of 3.
< |3 S |l= | 2 oil/roc 2 (=
Elg |B| #9898 Soil/rock s |E
<~ |5 | o |3 [ 7] [
dlE |8 |els |B|E|E|Q g |E
. 8 2|2 |3 (= 2| @ 2] =] & |o
4 = — —— - -
e T #64.20m to 65.00m Very weak, scoracious / vesicular E
E BASALT. =
650056508 0 —-94 — 6S0E
660026608100
G0 -eroguo e Hacd, variegated oolor, Low to high plastic clayey
3 »
3 SILT with core stones below 69.00m
68,005 68081100 —
se.on%— 69.08-100 —
700027008k End of Borehole 700
7100 é —E
7200 % —E
73.00 E —%
74.00 % E
7500 é _z
76,00 é —E
77.00 é —E
7800 % _E
7900 E E
o000 3 =
Consultant: Drilling Method: Rotary Core Drilling
SUbCOl{lmfltN‘i Type of Rig: XY-200 (China Made)
Supervisor: Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & 89
Approved By:
BH=Borehole .
N=Blows /300mm {5 Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System l] Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery l Rock sample
AFS=Averge fracture spacing
AvA Static groundwater level
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

15
3 b
B |8 a
= 5 ] =] o
0 784 |3 - i 3
g a E E E = Field Description of -~
g - a8 ~ | E . o | B
g 8|88 g (=2 Soil/rock a2 |=
o|lE (2|5 |8 |&@ |& 8 2 [
L% | |8 |3 AR E @ g B
o LOJ = e o [T u 7] =} o [&]
g— 0604100 1L - Asphalt o bys
1005
E Medium stiff, dark brown, high plastic silty CLAY soil layer.
E.Dﬂé
250100 — =
mé— 3.00-1-100 — “From 2.30 - 3.05 decomposed IGNIMBRITE —E
E ey * From 3.05 - 4,00 IGNIMBRITE Boulder =
wd 4802
3 450| |B s
E R iy 8/22/R450 E
5003 =
z— 5751100 —
6.00—] s . . .
3 650 ! Very stiffto hard, reddish brown, high plastic
E E/10/11 > clayey SILT soil layer.
i
g— 7.451-100 — a0 750
800 ER 8.004-100 - Vil s
= . =
= 8.75=
900 Z-900--100 - jﬁ = fS,Sf: :*
3 77676 ENNN
10003 = “'f,},,:
3 10.261-100 EI NN
3 ZRWNI
3 10| O 2NN
1100 E—n.no—-mo— F7571{ 110 _E ES‘EE?S_‘
3 . e . = AR
o I Suﬁwmmﬁwwh,m(lmhwwhghSET/wﬁ_: EANAN
E 125 lel L care stones (weathering product of vesicular BASALT). = *S'Eig:*
3 77971 E NN
1300 = AN
3132681100 NN
3 =3y \téy
E 1400 | B SN
M‘ODE— 14,064—100 — 5/8/11 14,00 _E S?Si?si
3 =hwaw
15003 1500100 — R :fi:‘
E I 155 E NN
E il 0/301R Zh¥vn
16.00 3 EIENNS
Consultant: Drilling Method: Rotary Core Drilling
Subcontractor: Type of Rig: XY-200 (China Made)
Supervisor: Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & 89
Approved By:
BH=Borehole .
N=Blows/300mm ¥ Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System l] Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery l Rock sample
AFS=Averge fracture spacing
Avd Static groundwater level
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

Approved By:

15
3 |5
0 EJS] | 2 g
1 EE E 5 ?l,’ 2 Field Description of ‘f 7
Ele|® EE AR Seil/rock - g
elg|5|3(8|E|x|E|8 £ |5
Sle |2 |88 |2 |6 |&|8 5 |©
16.00— =
Fie30{-100 = QS S\:S}
E 1700, 8 BN
RAE R iy /107551700 Cort.. EIRARN
: Stiff o very tiff vaviogatod color, low to high sandy SILT/with =18\ 343
soar=F-iete-100 core stones (weathering product of vesicular BASALT). _E.E\S.ESS.
10 . 19,00 ERIN
E 5/10/15 EIN
3 NS
Ll 29 j = SAIN
é I _lw i ER_EI‘E '_\\‘\\}
20020807100 = V
uE Strong to very weak, dark gray, slightly to highly = V
3 weathered moderately fractured to crushed BASALT/ §v
22003 -2200-917—1-375 vesicular BASALT rock layer. E \Y}
aa.noé—aam—an {85 j@:; *20.50m to 22.45mVesicular Bas —Evv
a4.ooé—e4m—ss —+ 0 ] —% V V
ENp N #22.45 10 27.00m Basslt crushed in o sand, E\Y,
Io FER gravel with intercalated clay or silt. = V
94 — 0 = V
o0 - 0 =
83 = 0 — E v
80 - 0 £ V
00190 — 0 - —z Vv
3 :g"/@ 27.00m to 29.00m very strong, dark gray, E V
2800-S-28001-66 —1-49 ~ closely to moderately joimted BASALT. E V
Tasus-o7 1426 ] E VV
E *29.00m 1o 30.70nVesicularicomciows changed. ~~ =|
3000 3-30.001-49.41 in to clayey with silt and gravelL BASALT = V
F-30401-75 = v
a3 E V
Fas0t-eaet-109 = V
3200 3 =
Consultant: Drilling Method: Rotary Core Drilling
Subcoqlra(ftor: Type of Rig: XY-200 (China Made)
Supervisor: Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & 89

BH=Borehole

N=Blows/300mm

SPT=Standard Penetration Test
USCS=Unified Soil Classification System
RQD=Rock quality designation
TCR=Total core recovery

AFS=Averge fracture spacing

) Disturbed sample

l] Undisturbed sample

l Rock sample

AvA Static groundwater level
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Page 142



Site specific Ground Response Analysis at South - Western part of Addis Ababa

15
b S
° (9 ™
= E 7] =] ]
) SFER | @ - inti 3
= bE E E g Field Description of -
g = a8 | g : o |8
AR ERE Soil/rock 2 =
tlE|g|a|3|E|5|8]|8 s |8
= S|e |® |8 = 2|58 8 & |o
E—az.se—m —11 9 % V
%0003 j@; # 30.70m to 34.50m Highly weathered, vesicular BASALT = \V \’
3335467 23 L 150 | with high core loss =
E B/227R XV
34003 = v
25005 = vV \%
3 3524—-57 —20 — = v
36.00%—36%—51 —+ 0 o —E V
37.00% _E V
o769 738+ E V
30003 #34.50m to 80,00m Strung to moderstely sirong, dark gray, =| \/
3 slightly to moderately weathered, moderately fractured o =| '/
3 crushed BASALT. E\Y
R e R g o from3505-35.90 crushed clay, sand and gravelsize.  =(* \)
g o from 58.15-59.65 highly fractured to crushed. E V
4000 3 4008(-75 —-14 [ ] 40; o from 64.00-67.85 crushed gravel, sand plus evenclay = v
= v
4100 - 4100{-87 —-38 = V
42.00% g VV
= PRI =\%
S =R
3 -85 1 0 E VV
E—M&‘—Els—— 0 EV
45003 = V V
46,00 %— 46,08-815—1-49.6 —E v v
47.00; E VV
I~ 47.38-881—1-59.3 = v
4800 5 =
Consultant: Drilling Method: Rotary Core Drilling
Subcol{tragtor: Type of Rig: XY-200 (China Made)
Supervisor: Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & 89
Approved By:
BH=Borehole .
N=Blows/300mm % Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System I] Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery I Rock sample
AFS=Averge fracture spacing
AvA Static groundwater level
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

5
E-I
v |© o
q Eded |2 g
1 a 3 ie escription ol -~
Z 2gE g Field Description of 3
- 24 1|8 - o |B
E ? & |25 AEg =2 Soil/rock B =
AR s |8
| 8|g |82 |9 |w |48 8 |©
- 4019475135 = V
49»0% ;ﬁlﬁ" : —E vv
E 150 =
Iesgaisesey 5 5a7k 2 E V
5103 £V
g—su.ve—an —53.H EVV
5L005 = V
A srlee Lo E
52003 = VV
T serd s L o ;v
53003 Cont... = V
3 #34.50m to 80.00m Strong to moderately strong, dark gray, =
Fsard-se 4 slightly to moderately weathered, moderately fiacturedto  =|\/
3 4 crushed BASALT. ERAY
T serd-e2 o o from 35.05-35.90 crushed clay, sand and gravel size. = V
55003 o from 58.15-59.65 highly fractured to crushed. = V
3 o from 64.00-67.85 crushed gravel, sand pluseven clay =
3 size and upper part vesicular, = V
56003 ] = V
;— 56.54-83.2144.9- 3 ; v
57.003 jj]; E V
sa.w%—sm—sz.‘ 186 g VV
59'“";—59:[:52.5—— 0 - = V
w-ﬂﬂé—sn. 70— 0 - —E Vv
6L E—snzm-m.s 125 E v
n E VV
-e2ag-917—-4581 E V
63.00; ; V V
“Mg—asm-as.: 129 jﬁﬁ E V
©TI37
Consultant: Drilling Method: Rotary Core Drilling
Subcon'tracl:tor: Type of Rig: XY-200 (China Made)
Supervisor: Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & 89
Approved By:
BH=Borehole .
N=Blows,/300mm % Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System l] Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery l Rock sample
AFS=Averge fracture spacing
AvA Static groundwater level
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

Field Description of
Soil/rock

Core run(m)
TCR(%)
RQD(%)

Casi: Diameter
n%mm)
Hole Diameter
(mm)

AFS(%)

SPT N—value
Sampling
uUscs
Graphic Log
GWL (m)

— 65008251 0

660875 —

66.0(

—6708-62 —— 0 —

—68.08—70 ——13 —

o
?IIII|IIIITIIIIlIIII?IIII|IIIﬁIIIIlIIII?IIIIIIIII

—6900-65 ——83 — Cont...

| cosdosal s #34.50m to 80.00m Strong to moderately strong, dark grey,
T slightly to moderately weathered, moderately fractured to

crushed BASALT.

70064507 o ftom35.05-35.90 crushed clay, sand and gravel size.

o from 58.15-59.65 highty fractured to crushed.

o from 64.00-67.85 crushed gravel, sand plus even clay

7867 10 size and upper part vesicular,

o
bd
=3

~
g
nonT g

73088151115

es —10 —
54-60 —24 —
44 — 0
92 — 0 —
o2 — 0 —
L 100
o2 —

l-s0 - 0
5q-94 — 0

<< << << <K< < <K< <C<c << << <K<K
< << <cc<L< << <K< << << <c<<< <

—79.74—-933—+ 0 —

Bttt oot oo oot oG bt o b daotd oot oo it

80.00

Consultant: Drilling Method: Rotary Core Drilling
Subcon}ratftor: Type of Rig: XY-200 (China Made)
Supervisor: Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & 89
Approved By:

BH=Borehole

N=Blows/300mm

SPT=Standard Penetration Test
USCS=Unified Soil Classification System I] Undisturbed sample REMARK:
RQD=Rock quality designation

TCR=Total core recovery l Rock sample

AFS=Averge fracture spacing

% Disturbed sample

AvA Static groundwater level
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

15
3 |§
] )
- = w
B gn @~ g ) L
-1 55 E E “,-,Is’ 2 Field Description of 3 3
ilg |E AR |z | 2 Soil/rock 2|8
el l8lg 18 |@ | & 3 2 lg
& ﬁ |8 |% i A 5 17} g |E
. 8|e |® |o |= “|lwm| D ¢ |©
i Backfill, red clay I
3-055 100 o ’
03 Medium stiff, dark to light gray high plastic silty
g-nso | - 108 150 | |6 CLAY soil latyer.
ElR Lo From 2.50 - 2.75m decomposed boulder
200—
3 [5] encountered).
=250 [-100 < —— i
200 3 300 ]
E—&un - 100 — 778711
ERTY TR
4003
Sas0 |10 {;‘75%-1 435
5003 ﬁ Very stiff, reddish brown, high plastic clayey SILT
3 2 soll layer (Weathering product of IGNIMBRITE)
6002-650 |- 100 &40
7.00 é—mn I 100 ‘r.].\]_
3 7.65
U 37375 765 S
o0 3 RS
E 350 BN
3 ZRERINN
900 3 9.15 E ZRANN
3-915 [~ 100 ® I5747g| 900 SRR
3 SRR
3 SRR
R Rl B ﬂl $tiffto hard, variegated color(dominantly brown), =Ky
Fioss |0 77 1050 low to high plastic clayey sandy SILT with occasional SR
103 weak core stone (weathering product of scoracious/ =RHRINR
E ﬁ vesiculer BASALT). SR
12003 1245 B S
21245 |- 100 - 578779 12.00 ShRIN
E = RN
12003 ﬁ SRR
= SRRRLY
135|100 - 1550 SRARY
14003 oSNNS
31430 |- 100 E R
3 E SRy
3 B AR
03 1650/ 1500 =R
E 1—1 B
1600 3 SRR
Consultant: Drilling Method: Rotary Core Drilling
Subcontractor: Type of Rig: XY-200 (China Made)
Supervisor: i . i i
Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & 89
Approved By:
BH=Borehole .
N=Blows/300mm # Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System l] Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery I Rock sample
AFS=Averge fracture spacing
Avd Static groundwater level
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

1%
-0
0 |9 ™
B eded |3 "
-1 a é E E g Field Description of 3.
-~ = B | E’ : o | B
e [E|e9Pf3g | = | 4 Soil/rock 2 |8
el (85|13 |8|5|E|EB £ |8
SIE|E |82 |2 |6|&]| 8 & |0
1608 ie1s | 100 S NN
Friesof- o ﬁ EINNR
E SRR
17063 SHRNIN
F1z30} 100 700 E :*"S‘::\:
3 SR
180651800 [~ 100 ]%%0;1 oo = R
= 8.50 SRR
3 Cont... SRR
190631900 |- 100 oy Stiff to hard, variegated color(dominantly brown), = i‘:i§i§‘§
1950 |- 100 - 9179”19, s low to high plastic clayey sandy SILT with occasional = 3:;5‘)‘;3‘;:
2003 000 weak core stone (weathering product of scoraclous/ = y;ssiiitw
1065 =y
;—20.50 | 100 - oL vesicular BASAI.T). E \:§§§§§:
21005 R AN
Fersof-m0- 2130 E NN
o EN
=g 200 ERNE
230032300 - 100 _ng o ENN
323301 93 —+ 44 =
e » Rt E\AY
Saa30f 100 73 24.00 Moderately strong to strong, dark grey, slightly to E Vv
: i@ﬁ moderately weathered, closely to moderately =AY,
=03 g fractured BASALT rock layer. ERY)
T-2565-100 0 =
260052600~ 100 =~ = v V
3 26.00=
3 00 (%
I [ N 2719 J e
3 R u Very dense, reddish brown, non to low plastic, ZRG
0003 ’ silty SAND/GRAVEL soil layer. = S
Sreseof-t0 - - *Many weak boulders encountered. =
3 E =z Y
B0 2915100 |- - 25.00 ENX
Jumé—zsas—m +- E >
2—30.65—100 -+- E S
31003100 [ 100 - 309 v
E % EM"
320033260 —160——¢ =
Consultant: Drilling Method: Rotary Core Drilling
Subcontractor: Type of Rig: XY-200 (China Made)
Supervisor: Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & 89
Approved By:
BH=Borehole .
N=Blows/300mm % Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System I] Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery l Rock sample
AFS=Averge fracture spacing
AvA Static groundwater level
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

8
3|5 .
0 ELs ] |2 g
1 35 E E °,-,|3 2 Field Description of 3|4
Elg |IE| 2R3 |2 | & Soil/Tock 2 E
slg |88 (2 |8 |s|6]|8 g (8
8 e | = 3 ] ﬁ n 7] g & |o
33.w§—3un—5s —+25 —E V
34.»05—34110—75 —+28 :glj%‘i: —; V
mé—mo—vs--o - _Evv
:m)Fz—mﬂ—ﬁ ~o3 :@&E —E v
3 623 £V Vv
ar06d-3700f- 92 54 | = Vv
= Strong to very weak, dark gray to mottled, slightly = V
30063800 (- 86 47 | to moderately weathered BASALT rock layer. = v
3 *From 40.70 - 41.80, 42.30 - 43.80m mottled = Vv
39.002—3900 93 184 appearance, llghtweight. —§
3 : *47.00 to 47.30 and 48.00 - 48.95m fault gouge? = \ Vv
3 570 *49.,00 - 49.35m brecclated rock. =
400034000 |- 76 34 » - 2V
5—40.70—71 —+0 E VV
41003 = V
4z‘ou§ E vv
423078 132 E V
‘“E—ntuo—se —+133 4289 _é V V
mm%-«nn 84 +0 E V
ﬁoé —E v
;—4550—79 —+0 - E V
46003 z V
Sr46201-86 16 = V
47.00%—47.00 o5 14 —E V
Farsoloe +o - ﬁ ﬁ = v \Y)
‘nnn: a &2 =
48,
Consultant: Drilling Method: Rotary Core Drilling
Subcon'traclztor: Type of Rig: XY-200 (China Made)
Supervisor: Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & 89
Approved By:
BH=Borehole .
N=Blows/300mm % Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System l] Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery I Rock sample
AFS=Averge fracture spacing
Avd Static groundwater level
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

GWL (m)

1)
3 |5
9 ®
~ =] ']
E g,- P 1 ) L
1 55 g E “;li 2 Field Description of 3
~ | 6 ' Ry =] i g
£ g8 x898 =4, Soil/rock %
tlEle|als |E|E|E|Q 5
1 glE[E|8 R %] g 8
48 2 8 R z
E w5t |Ditto..... 3 \ V
490654900 97 +0 = v
mag—su.un—ee T0 —z V
swé—swu 90 26 —E v V
E—sm F79 40 - E
200 ER
523094 163 - =554 z v
o IV
35335192 0~ E V V
54‘005—54‘00—92 65 —% v
5100%—5100—73 45 —E v V
56003 ® £ \
Srseaf-92 42 0V
smu; _E V
Srorsof-93 +67 :@g = VV
mu% ; V
59,0;,%-5930 83 43 —E V
aumé-so.no—m -+ A E v
saou%-sa.ou—vg 36 E V
sm%—sm—ea 36 . —E v V
t.‘lm; g v
Consultant: Drilling Method: Rotary Core Drilling
Subcoqtracftor: Type of Rig: XY-200 (China Made)
Supervisor: Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & 89
Approved By:
BH=Borehole .
N=Blows/300mm B Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System l] Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery I Rock sample
AFS=Averge fracture spacing )
AvA Static groundwater level
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

Field Description of
Soil/rock

Core run(m)
TCR(%)
RQD(%)

Casi: Diameter
11%mm)
Hole Diameter
(mm)

AFS(%)

SPT N—value
Sampling
uUscs
Graphic Log
GWL (m)

@
>

6425

o
S
I
T
o
1

Ditto.....

)
o

650087 115

'3
o

-6615~83 +0 =

67,0098 40 L] 3&@
67,

6800175 <34

8 3 : : g
?IIII|IIII$IIII|IIII%IIHIIIﬁIIIIlIIII$IIIIIIII

]

690060 -0 -

ool
< <

~
S
=

7000 - 83 84 70.0

ETARTTRI NI RTRT  IYRTI RARRU (R TARTRRU FRTTRR U IRTRURRTRY (R TARTIRI RUUTRTIC] FRRTARTART ANRTANIO RS (RRTUNTIN:

Consultant: Drilling Method: Rotary Core Drilling
Subcon'tracltor: Type of Rig: XY-200 (China Made)
Supervisor: Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & 89
Approved By:

BH=Borehole

N=Blows/300mm

SPT=Standard Penetration Test
USCS=Unified Secil Classification System I] Undisturbed sample REMARK:
RQD=Rock quality designation

TCR=Total core recovery | Rock sample

AFS=Averge fracture spacing

#) Disturbed sample

|7 Static groundwater level
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

19
% |4
- ]
~ 3 &
£ E» ER 1 ) o
"t 55 E 5 °;|>’ 2 Field Description of 3.
Ple B (23838 |=| 3 i Soil /rock 7 E
el (8|8l |8 |5|8|8 & |8
Sle |2 (8|8 |2 |6|8&| 5 & |v
000 =
E Backfll - Asphalt follwed by herd core E s
100 é‘"’“ 100 Medium stiff, dark grey, high plastic silty
3 18 CLAY soil layer. =
3 20| |0 =
2005200 [-100 50 205=
o
3350 |00
E 4,00
4005400 1100 7 mﬁ Stiff to very stiff, reddish brown, high plastic
ERETY 0 clayey SILT soil layer (weathering product
5003500 [- 100 of GNIMBRITE)
3525 |- 100
Fs70 |10 5571;77')1-:%':
603 il
650 100 670
700 3
ER 750 Very stiff, light gray, high plastic clayey SILT with
ER /30 little sand (Weathering product of IGNIMBRITE).
9 i Lo *From 8.55 -9.15m IGNIMBRITE boulder Is
g—&ss - 100 850 encountered.
900 3 =
3920 |- 100 us =
T | el
3 SRR
10001418 = 1§ 3 1000 IR
10 %—m]u - 100 - 7171907%- l0.90 _z %‘3@'
3 :EE Very stiff to hard, variegated color , low to high g:;:“:h:
120031200 [~ 100 - plastic sandy SILT with occasional weak core stone z gis\é%
Fieso| 1 1%55{? " (Weathering product of vesicular BASALT). E :‘;‘”
3 o
e E EX
3 SN
1360 - 100 - SRR
140021405 (- 100 516%% = RIRR
' ZRER
1405 |0 SRR
1500 PN
SRR
| ZHEY
Consultant: Drilling Method: Rotary Core Drilling
Subcoqtra(ftor: Type of Rig: XY-200 (China Made)
Supervisor: Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & B9
Approved By:
BH=Borehole ’
N=Blows,/300mm % Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System l] Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery I Rock sample
AFS=Averge fracture spacing
v Static groundwater level
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

1)
S lu
v |9 "
6 Eded |2 »
1 a g ﬁ 5 °;|>’ ¥ Field Description of I
Ele |8 ¥ B3R | = | 2 Soil/rock 2 g
<> | B o | ¥ 21 m [
tlElglals [E|IR|E|S g B
-aé ElE]8|2 |9 @ 0 8 5 |0
16.08— 166 TR
ERa ik 5 TR
E 17.00] 1&>° Ditto.... N
l7.w;—l7.00 100 = . = i: a‘\:\
EITm . Very stiff to hard, variegated color , low to high IR
agee 1790100 - 8.0 plastic sandy SILT with occasional weak core stone = ;\5
o L (Westhering product of vesicular BASALT), =
3 18.80[ 18,50 . R
1o0oT 1880 [ 100 571570 R i:\:
200652000 - 100 PR AN
320351100 10 =
T2065[-100 1 60 = V
20 o5 |10 0 - 3 = V
F-a1a01-90 42 4 E v V
2206 E
g—aam—ss “+13 = v
23003
g—em—sa -0 é
cat 3240 &3 L 20 » Moderate:ymmtomdnrkgay.ﬂ[ghtlyb z
3 llwdel!bev weathered, VEIVdOSe l'lmﬂdy =
W fractured BASALT rock layer. E
E R B *From 20.00 - 24.00m vesicular BASALT and E
3 *From 24.00 - 26.00m Amygdaloidal BASALT. =
2600260044 -0 *29.00-30.15 Scouracious basalt joints filled with -
3 fine soll. E
27003270083 73 *From 31.15 - 33.60 vesicular BASALT. =
eémé-esmo 90 62 - E
es‘oog-egnn og +0 - ;@g =
fe9s0i-100 10 =
300033000 |- 100 -0 : vv
mé—:w.ao—n —+0 E v
3315 |88 — 35 = V
vV
Consultant: Drilling Method: Rotary Core Drilling
Subcon'tracl:tor: Type of Rig: XY-200 (China Made)
Supervisor: Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & 89
Approved By:
BH=Borehole .
N=Blows/300mm {5 Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System l] Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery I Rock sample
AFS=Averge fracture spacing
AvA Static groundwater level

MSc Thesis Page 152



Site specific Ground Response Analysis at South - Western part of Addis Ababa

1%
-
- AAE
g e |3 , inti ¥
1 55 E s $ E Field Description of 3.
ilg B wiAIR = |2 Soil/rock 2 )
elEle|5(5 |8 (5|88 £ |5
8 8 = (g o 5 [ 7] g {'_1‘, [T]
3208 =
3324083 57 — :Eljf = V V
330633300 85 36 30 = V
34,002—34.00 F7t 10 o z V
- Vy
Z-3s401-75 10 = V
360633600 80—+ 47 Cont... E
E Moderately strong to strong, dark gray , slightly to EVV
03700 5 <54 moderately weathered, very close to moderately =
3 fractured BASALT rock layer. E\%
:m;'““' 95 T *From 31.15 - 33.60 vesicular BASALT. = v
E 5250 *From 33.60 - 34.00 vesicular Basalt crushed into  =[\/
E sand but binded by day. ENA"
39.003-39.00 (100 - 60 = V
3 250 E Vv
40.00—3—40.00 90 53 - ] —E V V
an E\Y
;—41.50 les +18 - ; V V
42.00% ; v
T sl so 57 - jﬁ]oin E\
43003 2.V
3 3250 =V
“mé—mes—aq 68 - ; v
4500% 448058 — 47 _% V
3 250 = Vv
mmé E v
4630191 54 E V
0 J:ﬁﬁ 2\ \4
18003400 250 R
Consultant: Drilling Method: Rotary Core Drilling
Subcontractor: Type of Rig: XY-200 (China Made)
Supervisor: Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & 89
Approved By:
BH=Borehole .
N=Blows/300mm #y Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System H Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery l Rock sample
AFS=Averge fracture spacing
AvA Static groundwater level
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

1%
R
7 ES] |3 ®
1 55 E E °:I>’ 2 Field Description of 3.
ilg |8 AR = | 2 Soil/rock 2 &
slg (5|8 (8|8 |c|E|8 ¢ (8
| §|E [®|S |= R 5 |o
w50 E
SH49.301-86 53 = V V
smg—sa.no - 100 = 47 Cont... —E V
3 Moderately strong to strong, dark gray , slightly to ;v
592 510 Loy L1y moderatelgwea;hmverydosemmodamly E V
E fractured BASALT rock layer. E
3 *From 49.45 - 51.10 Brecclated BASALT is encountered. = V
5206552001~ 90 -0 - = V
smg-sm—as 28 —E V V
54‘0é-5mo—1m 40 32350 —E V V
5500%—55.00—&3 —+39 —E v
moé L4 _E V
2—55,00 88 1 39 3251 E V
7003 *From 60.00 -63.00 very week, variegated color, = vV
Fo7300 95 20 highly weathered to decomposed vesiculer besalt =V
sstos-senl- 3¢ -5 | (Breccision observed). : VV
3 *From 63.00 - 65.10m very week vesicular BASALT. E V
59003590010 -0 = v
3 325 E \’
600036000 - 100 +0 ERY
61.00%—51.00 100 oo+ —E V V
6180100 98 A E V
sa‘ug—saao—nw 97 z VV
s:mu; —% v
QUE S0 —106——9% =
Consultant: Drilling Method: Rotary Core Drilling
Subcor{lratlztor: Type of Rig: XY-200 (China Made)
Supervisor: Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & 89
Approved By:
BH=Borehole .
N=Blows/300mm % Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System l] Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery I Rock sample
AFS=Averge fracture spacing
A4 Static groundwater level
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

73.00

2
8

73.00

76.00

77.00

78.00

79.00

80.00

1-7300(- 95 - 46

-74.50( 100 - 100 |80

7530100 T-38 |- 87 -

76301100 - 48 [-75

77401~ 100 100 [~ 73

78201100 131 [-81

-7965100 172 |90

]
‘g' EE E E ?; Field Description of 3|4
Ele B 29898 | = E Soil /rock 2 |E
1R 1
64,00 gle |® S |= <|u|8]8 5 (o
E-sm bor 1+ \ V
65003
Difto... v
s6ar=-e600f-95 - \%}
E \Y
67.”—5-“‘75_ 100+~ A V
E \’
es.wi 68001100 +— V V
es.ooé-ss.ou Lo+ A Vv Vv
Sreosores — v
""““';‘7“-” 7T *From 65.10 - 66.75m very stiff, variegated color, Vv
3 non plastic, sandy SILT with gravel (weathering Vv
710037100 |- 100 46 product of vesicular BASALT).
37150} 100 - 46 »
72003 *From 66.75 - 68.00m strong, dark gray, slightly

weathered, closely fractured BASALT.
*From 68.00 - 71.50m very weak, light brown to
light gray, highly weathered, closely fractured Basalt
*From 71.50 - 85.00m very strong, light gray, fresh
to slightly weathered BASALT.

c<<c<c< << < < <
c c s < e < < < <

Pt b veetoebe gt bnteoe b b tedotoofotoe oo oot oot

<

N=Blows/300mm

SPT=Standard Penetration Test
USCS=Unified Soil Classification System
RQD=Rock quality designation
TCR=Total core recovery

AFS=Averge fracture spacing

Consultant: Drilling Method: Rotary Core Drilling
Subcon}rac;tor: Type of Rig: XY-200 (China Made)
Supervisor: Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & 89
Approved By:

BH=Borehole

$ Disturbed sample

|] Undisturbed sample

I Rock sample

Ava Static groundwater level
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

80.00.

Field Description of
Soil/rock

Casi Diameter
u7m.m)

Hole Diameter

(mm)

AFS(%)

SPT N—value

Sampling

GWL ()

Core run(m)
Uscs

TCR(%)
RQD(%)

%III|III§IIII|IIII%IIIIIIII

III|IIII$IIII|IIII

:

70.00

7100

72.00-

73.00

74.00

75.00

76.00

77.00

78.00

79.00

g

Ditto...

-80.7586 — 90 4

8200 93 —- 72

8365 94 —1— 94

< <<<<<<<< << Graphic Log

85,00 100 + 85 End of Borehole

3
n

Jontod b votonbetnoguebinhtin IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIfllIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

Consultant: Drilling Method: Rotary Core Drilling
Subcon.lratftor: Type of Rig: XY-200 (China Made)
Supervisor: Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & 89
Approved By:

BH=Borehole
N=Blows/300mm

SPT=Standard Penetration Test
USCS=Unified Soil Classification System |] Undisturbed sample REMARK:

{y Disturbed sample

RQD=Rock quality designation

TCR=Total core recovery I Rock sample
AFS=Averge fracture spacing

AvA Static groundwater level

Figure C- 2:Kirkos borehole logs
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

c. Kolfe keranyo

EE| |8
= 3 5
g g ?E ] Field Description of % Core Photographs
g€ |2 RIR 2§ 2 Soil/rock 2
= e | (-
g5 |3 (2|E[E 5 vE
glg[8]2]%[aR 5|8
o I hid
Light geey to dark brown ~ =F=1 31
- 100— —— ST 10 medium stiffhigh = [
el lo medium plastic CLAY - =} oo
stlt [SILTY clay) Sl
300 = pye
L 100! 3.0 ——
$718 Dark grey smered brown stff = Peal
345 | 345 1o medium s CLAY il et
- 100— ISILTY clay]) B ek
Py
50050 Lo Shn
el $1o11 p.00 = -u—; Deptly i -5 45m
o7 et Black wery stiff 10 stft high vo Zfas] v
4 medium plastic CLAY st = :_:%L
L 10— [SILTY ¢lay| z 6.00
6.8 :
L 100~ 7.50 | 730 Light to dark brown snft lmcrygL
479 st high to medivin plastic =
7.95| 995 CLAY Al ESIETY clay | =
890 E
e 9.50 | ha g
227§ =
TS| 9.95 =
1201 100 §
100 3 11300 11,3 =
E +5() =
11.78 11.73 —;
Eh & Depth: 11.ae-17.14
Consultant: Drilling Method: Dry boring
Subconlractor: Type of Rig : ROTARY
Supervisor: g ; i
Bit Type: Tungsten Carbide, Diamond
Logged By: Anteneh Getachew Bit diameter(mm): 108, 868
Approved By:
BH=Borehole
N=Blows/30cm Rock sample
CPT=Cone Penetration Tesl
USCS=Unified Soll Classification System /| REMARK.
RQD=Rock Quality Designation Undisturbed sample
TCR=Total Core Recovery é bed
AFS=Averge Fracture Spacing e D
Rpe ik wory §/ Static groundwater level
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

Field Description of

o

A Core Photographs
Soil /rock 3

&

1

[C

Casing Dia(mm)
Hole Dia.(mm)

SPT N-values
/300mm
Sampling

TCR(%)

RQD(%)
AFS(%)
GWL

-
%Core run(m)

=
=

t=0.59 -+ 100~

160+ 100 Lt brown 16 yellow ywedium
dense to dense low lo mednam
plstic SANDY silt [SANDY
0301 100 chuy | with occasional gravel

0401 100—

0504 100—{

g

=3
=

200

g
T
z
+
g
1
|
|

shossatesrelanspoanabioiatosrelignatianelpangaiaged

B

Depth, 17,10 2me

=3 = El N
= >
unllulhnlhnllnulnnl|n|l1n||hullnnlunlnnhlnlnulnnl||n|unlnulnnllannnlln

g

g

= = =
s s s

2
=

ot b oon boonoon bbb e bbb bt b e b s bt ootene b o gt e bt

Consultant: Drilling Method: Dry boring
Subcontractor: Type of Rig : ROTARY
Supervisor BIL Type: Tungsten Cerbide, Diamond

logged By: _ Anteneh Gelachew Bit diameter(mm); 108, 86
Approved By:

BH=Borehole

N=Blows/30cm H Rock sample
CPT=Cone Penetration Test
USCS=Unified Soil Classification System
RQD=Rock Quality Designation
TCR=Total Core Recovery

AFS=Averge Fraclure Spacing
Re=Rock core

Vi
Undisturbed sample

% Disturbed sample

7 Static groundwater level
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

B |8
o | 1E]E] |8
~E: a i F gl @ Field Description of Core Photographs
g8 ] AR zé 2 Soil /rock
et o T
JHEHEH LR
000 e
: 0704 100 Ru
T 4 100 — ~—4
1005 T Dark brown to grey silf
3 1o medion sHlF high o
2140 + 100 medium plastic CLAY silt
b= [SILTY clay)
0504 100—
a0 B 280k
E 150 350
-E..uo.,.wn- ._‘927‘*] g
3 395 s
E e Varrgated colour of siler and ':':{{
EH‘N T % yellow dense to mediun dease [T
303 s0ls Jow Lo medium plastic SANDYZ | ew
0504 109— —l ) SINSANDY ehay ] drived fron v
i E IH17 l*‘ tughty wheathend rock W
3 595] 595 6.00]
m-f 7.50 | 7
g»—w--lmd '_'" T %
80 3 7.95|7.95 [8.10
E
Fam- 100 .‘Z.iﬂ.%
3 015/
= 959,95
- 11,501,350
e 1m0— 72770
e (11941195
E»—la1r—ll'—'
1303
3 1300
080+ 100—
et 13.95
110 4 10—
|sm—§ Ol%)
-0904- 100
E [ S]15.95 Depth: 1158 1400w
Consultant: Drilling Method: Dry boring
Subcontractor: Type of Rig : ROTARY
Supervisor: Bit Type: Tungsten Carbide, Diamond
Logged By: _ Anteneh Getachew Bit diameter(mm). 108, 86
Approved By:
BH=Borehole
N=Blows/30cm Rock sample
CPT=Cone Penetration Test
USCS=Unified Soil Classification System [ i
RQD=Rock Quality Designation Undisturbed sample
=Total Core Recovery é
=Averge Fracture Spacing ek
Revilook tom 7 Static groundwater level
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

| lElE] I
E 78| |5 3
< & | s ? w Field Description of Core Photographs
E gl |2 8 g zg % Soil /rock 2
- | o =
1 AHE 1§ 4
3 4 g1S5|= N @ 5| ©
1607 ===
i
1703 =
m-.g._umm- o Silver colour dense o very
3 f dense Jow to medium phistic
3 SANDY silt
1903120 1 100
- 200 S
#n0S-nza-t 100 - 20,04 - =3
;:. ~|Yr:lluu Atrong (U very strong é
nn—g boulder of |gnbrite rock _g Dol s ke
s =
- E
m-'g —§
o E
2603 2
m—i —i
e
au—i é
-3
m-i -§
Consultant: Drilling Method: Dry boring
gu“bco;i:nctor Type of Rig : ROTARY
A Bit Type: Tungsten Carbide, Diamond
Logged By: Anteneh Gelachew Bit diameter(mm); 108, 86
Approved By:
BH=Borehole
N«Blows/30cm Rock sample
CPT=Cone Penetration Test
USCS=Unified Soil Classification System ] NRMARK-
RQD=Rack Quality Designation 4 Undisturbed sample
TCR=Tolal Core Recovery é
AFS=Averge Fracture Spacing oo T 2
Romliods Sone 7 Static groundwater level
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

a -~
H
RNHUE ouon ot | 3
=] a é t E g Field Descnpllon of b ccre Photographs
P 7 lg 2 % [zE 2 Soil /rock 3
G ik
e 3 ® |© N & G|®
E—ﬂﬂm- 100—
1003
a.ao—z-m -+ 100— i
w—é-uﬂ -+ 100 3.0 | 30
3 346
3 345|345
400190 < 100—
sm—f-e.m»-m-{ 300 § 340
3 R Dark brown 1o red s61F (o
E 545|545 miedium stiff’, high to mediom =
603 plastic CLAY silt mixed with = [ w7700
= > - g
E back fill material whichis  =[=5mal
é ! | ] yellow Jow plistic CLAY =
" g‘—m o=y sill with occasiondl gravel
200 .é»-m 1 i
g 900 | 9.00
im—g.-m#wn-‘ I_‘)Ilvlké
E 9.45 | 945
mn-g,-m - 100~
wio 3
nm—fpam.hlw—
é |2“l\
; i3 1300 '
mo_s..m --m«{ o
3 W 1
P 1349 13.4
M—E-w«m-‘
§ Depth: 13.0-17.30m
Consultant: Drilling Method: Dry boring
::bc::m?m Type of Rig : ROTARY
W SAR0: Bit Type: Tungsten Carbide, Diamond
lnucdegyhy Anteneh Getachew Bil diameter(mm): 108, 86
Approv :
BH=Borehole
N=Blows/30cm Rock sample
CPT=Cone Penetration Test
USCS=Unified Soll Classification sy'tm 4 RENARX:
RQD=Rock Quality Designalion Undisturbed sample
TCR=Total Core Recovery %
AFS=Averge Fracture Spacing Gletatte eonple
i o 7 Static groundwater level
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

ElE| |
g TlE| I3 8
] 8|1 >l w Flld Description of | % Core Photographs
E g lR i SIE =E ;§_ Soil /rock z
s v | >
EE|g|5[2|E B85 g E
- 3 ;E. g8 |= N oa 7]
?-"”-Tl“— é‘:',:,..
l7a—§ 280 100— Yellow 10 light brown with ..;‘—:::‘
£l white mollied ash st W veny=[=o4
E ST Jow plastic o mediom S|
1800601 100 plastic SILTY clay drived fromE s
2 pp0—+ 10— Wheatherd rock 2
1905 -
0801 100 E
m—i—m-w 106~ 200 E
m'; _; Depth: 1,10-20.50m
a e
m-i —f:
2 :
oE 3
272 =
v .
m_i ;::'
200 -5 é
a2 E
Consuitant. Drilling Method: Dry boring
Subcontractor: Type of Rlg - ROTARY
Supervisor: BIt Type: Tungsten Carblde, Diamond
Logged dByBy Anleneh Gelachew Bil diameter(mm): 108, 86
Approve: 5
BH=Borehole
NeBlows/30cm |:| Rock sample
CPT=Cone Penetration Test
USCS=Unified Soil Classification System [ REMARK:
RQD=Rock Quality Designation % Undisturbed sample
:g::::::l‘ec:;:cmv;;y“m % Disturbed sample
Roslick o {7 Static groundwater level
-
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

'E -
3| | [E[E] B
‘E’ als ?s 2 Field Description of E Core Photographs
gl AR Iz § z Soil/rock 2
~— 1] b4 [-9
AHEHE R £|8
w OB |& O] N slo
3 Back filled with yellow o~ = kY
0601 100— light brown sofumedium St
100 2y t0 high plastic . CLAY silt =Pt
= < — ¥,
3 Diark rown stIT o mediun stiT= b s ]
2002140 4- 10— 1o hiigh ko medium plastic CLAY SHE F i o]
E ISILTY whay) E o
E 3.00 = Py
30024100 - 190— A .00 e
3 354 e
E 348 | 345 Dark grey smered inside H art
4004100 - 100 migment with yellowdhlack = Lplx
3 ST o medium il dighto  =farms
3 500 | 5400 mediim plistic SILTY Clay [
30054100 4 109 o JCLAY sil) = :.{: Depily o545
= LAl [T
FomL o0 1 [5as] sas PO :
600 =
- 7 ) =
700 4130 4- 100 ﬁl,il.l =
E et Grey smered inside pigment =
108 4 10— 745 7.45 with yellow &black stilf 10 =
800 <0401 100 medium sUiY, high to medium =
20704 100— plastic . SILTY clay [CLAY =
e 3 9.00 silt) =
108 1 100 m E
3 9.43 E
1000100 L. 10— 10, =
3 11.00f 1,00 :
1003 118 4 10— 50712 X . =
3 b —d d Grey smered yellow highw =
lw—E 1149 1145 medium plastic SILTY ¢lay =
= 0| |CLAY sil) drived from highly =
3 E 13000 13,00 wheatheted [eabrite rock =
nmf 1454 100 9 13,68 i
E hililg 2
3 3 3.4 =
i 1345 13.43 z
20354 100 5
15002143 - 100 =
§ § AN, Depth: 1ise-1aoim
Consultant: Drilling Method; Dry boring
:ubcon_lnt.:tor. Type of Rig : ROTARY
upervisor: Bit Type: Tungsten Carbide, Diamond
I;oucd:y:sy Anteneh Gelachew Bit diameter(mm); 108, 86
pprov :
BH=Borehole
N=Blows/30em Rock sample
CPT=Cone Penetration Test
USCS=Unified Soil Classification System [ REMARK:
RQD=Rock Quality Designation Unciinshnd: s
TCR=Total Core Recovery @ "
AFS=Averge Fracture Spacing S pnee
Re=Rock core &
7/ Static groundwater level
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

3 (8] |8
€ 7 |& 2 . . g
5 a4 ? Bl = Field Description of % Core Photographs
g g8 |2 AlE = 5; Soil/rock 2
t |8 |3 |3 B |E8| & dl §
o § g|18|= N 8 5| o
E NToS SUS el
o WP S 17.00 b=y
= 121 =[Fa
3 17.45 e
1E8 41,00 = 100 A Red, s0MT W medinm <iT T =50
3 o medium plastic CLAY il S)Fass
3 [SILTY ol Shee
190100 -1 109 ——Hlﬂlll:. 13400 Ll B
c 1735 19.45 B
R R ol 20.0 = B
an—; —; Depth; 16,5520,
o E
. E
m—i —E
= E
o603 2
CIE =
"
29 3 2
E £
e —_E‘f
Consultant: Drilling Method: Dry boring
Subcontractor: Type of Rig : ROTARY
Supervisor: Bit Type: Tungsten Carbide, Diamond
Logged By: Anteneh Cetachew Bit diameler(mm); 108, 86
Approved By:
Bi=Borehole
Ne«Blows/30cm I:I Rock semple
CPTwCone Penetration Test
USCS=Unified Soil Classification System [} ERMARK:
RQD=Rack Quality Designation % Undisturbed sample
TCR=Total Core Recovery %
APS=Averge Fracture Spacing THetched: Jucpin
Pemjiach {7 Static groundwater level
T

Figure C- 3:Kolfe keranyo borehole logs
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

d. Lafto-1
5] E L~
g | B 3 |ee 8 | - | g | ¢
= o = = =
< gE T 492 Legend Strata Description i o £
5 0~ & K2 58 5 <} &
o ° E *z z = x
[a) T g
0o 0.5 100
1 100
1 1
08 1.6 100
2 DS 7 2 100
3 Stiff, dark gray, Silty CLAY (Blackcotton soil), 2';' g 188
with some backfill materials at the top. 4 100
4 DS 10 445 100
5 5.1 100
6 100
6 DS 17 645 100
7 6.8 100
75 100
8 8 100
24 845 100
9 Soft, light gray to white, Clayey SILT '9 100
ASH/TUFF. 95 100
10 10 100
29 10.45 100
1 11 100
5 e 1.5 100
34 20 12 100
13 B ene s 1245 100
Q(\;QO(SQO( 13.5 100
14 GO0 14 100
Ds 24 ’QQQ 000 14.45 100
) o IR
16 o fibay By
41 QQQ YQOQ G 16.45 100
17 BRI 17 100
GGCSQOCS & 17.6 100
18 OO0 18 100
DS R AR
OQ OQ G 18.45 100
19 OC}QGOQOC 19 100
RO YRR 19.6 100
20 QQO QQQO Dense, light gray, Sandy GRAVEL with some 20.5 100
21 QOQQOQO(' clay mixed with rock boulders. The material 21 100
DS OZ0ZY; 0’70 is a complete weathetered product of the 22 100
22 QQQ QQQ ;Q underlying rock material.
DS 45 G000 2245 100
23 bt 225 100
O Q'QOQ e 23 100
24 OO 233 100
GO0 24 100
25 % G % O % 25 100
s 255 100
26 ROGOG 26 100
COIEGO 26.4 100
27 v QQQ :QQQ; O 27 100
CoROTR0 27.5 100
pe DS QGCSOOCS = 28 100
29 OQQ QQO Q 29 100
30 PReR 0 | 100
BH BOREHOLE DS DISTURBED SOIL SAMPLE

(Nc)  CONE PENETRATION TEST
SPT  STANDARD PENETRATION TEST UD UNDISTURBED SOIL SAMPLE
N BLOWS/30cm RK ROCK SAMPLE

w WATER SAMPLE

NGL  NATURAL GROUND LEVEL R REFUSAL

RQD  ROCK QUALITY DESIGNATION

TCR  TOTAL CORE RECOVERY

v STATIC GROUND WATER LEVEL
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

E 'E LA
= © 8 | = 2E - s ¥
E Ee & ag i S e s
= 8E o E T Legend Strata Description 28 b=t o E
2 e~ 2 &7 &3 o g 4
8 £ 8 wnz =
0 108 0.5 100
1 1 100
2 100
2 7} 245 100
3 3 100
Stiff, dark gray, Silty CLAY (Blackcotton soil), 4 100
4 DS 7 with some backfill materials at the top. 4.45 100
5 5 100
6 100
8 14 645 100
7 7100
8 100
8 DS 16 845 100
9 9 100
Soft, light gray to white, Clayey SILT 10 100
it DS 24 ASHITUFF. 1045 100
11 114 100
12 12 100
DS 28 GOOGC 12.45 100
DO 13 100
000800 14 100
14 OO0
050080
15 91 060,00 16 100
16 OGO
DS 32 QQQ;.Q O0 16.45 100
17 Co060: 175 100
BT
18 %-Q’ %Q -% 18 100
34 QQ QQ =4 18.45 100
000l 19 100
19 GGt
252 HD 20 100
20 DS 38 QQ QQ -~ Dense, light gray, Sandy GRAVEL with some :
ORORO lignt gr Me 2045 100
BN clay mixed with rock boulders. The material
21 s : : : 2114 100
GG:0:6-0 isacomplete weathetered product of the 2 100
29 QQQ underlying rock material.
42 O G 2245 100
23 OGC 23 100
b 231 100
b4 0 236 100
46 G0 24 100
2 O 2445 100
OO0 25 100
2 e 253 100
GG 26 100
27 DS QQQ'-; 2645 100
o 27 100
e QOQQ_'- 28 100
b o 29 100
30 o 30 100
BH BOREHOLE DS DISTURBED SOIL SAMPLE
(Nc) CONE PENETRATION TEST
SPT STANDARD PENETRATION TEST UD  UNDISTURBED SOIL SAMPLE
N BLOWS/30cm RK ROCK SAMPLE
w WATER SAMPLE
NGL NATURAL GROUND LEVEL R REFUSAL
RQD ROCK QUALITY DESIGNATION
TCR TOTAL CORE RECOVERY
v STATIC GROUND WATER LEVEL
Figure C- 4:Lafto-1 borehole logs
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

e. Lafto-2

|z o
E E o . .
= 5 | E 3 Field Description of 2 Core Photographs
Elslg |2 |8|ls |2l Soil/rock =
RSNk 215 | & CEl=s £ | 4
el€|§ |2 |3 |2 28] & g2
|l |g |o [T [<[?% a 6|0
¢ 3 Black to dark gray, soft to medium =[+-
E stiff, high plastic silty CLAY with =
1003 1.00 - 100 100 | trace of sand =
= Grayish, medium densc to dense, =
= clayey GRAVEL with occasional =
20031204100 | 556 cobble =
E Yellowish, medium dense =
3 250 to dense, claycy SAND =
3002100100 with occasional cobble l_f
é 340 [+ Brownish, stiff, high plastic silty E
3 " CLAY with trace of sand and =
4.00-3~1004-100 — occasional cobble =
E ZH Depth 0.00 - 5.00m
500=4- 1.00 4~ 100 —| 500 =[ =
3 69111 =[RS
=045 4100 — FE =+
E Reddish brown, stiff, low plastic = {7}
6.00-3-0551-100— 9% clayey SILT/ silty CLAY with someZ fz4= £}
= sand and trace of gravel = ‘L‘
3 -
7.00 41,00 1100 —| (100 | =]~
EN i 710M1 ST F
- 0.45 - 100 I =R
3 745 =[r &
8.00 =~ 0.55 4-100 — 8 =
3 Grayish, stiff, non-plastic clayey =[]
E SILT with some sand = _*i*’{
= L 100—| 200 ] 200 =
E 11419 Grayish. stiff to very stiff, =
S 040100 945 non-plastic clayey SILT with =
10004085 4-100 — 10,00} some sand (derived from highly = Depth 5.00 - 10.00m
3 -| weathered and fractured very
3 weak Pumice Tuff =l 44
00— 1.00 4100 — =l
11.00 3 oy
3 =+
E =]
12,0034~ 1.00 4~ 100 — =| =+
E iy
3 gl
E i
13,004~ 1.00 4~ 100 — _:_*::_—f_
3 Grayish, stiff, high plastic clayey =[]
= SILT with some sand SR
14.00=—1.00 4~ 100 — ==
= =R
3 Shig
15.00-31.00 - 100 1] 15.00 = -."_." Depth 10.00 - 15.00m
3 ol 16/18/22] = }_‘_:F'
E 1545 3 f‘_%_
- =l b
Consultant: Drilling Method: Dry boring
Subcoqtractor: Type of Rig : ROTARY
Supsrisor: Bit Type: Tungsten Carbide, Diamond
Logged By: Nebil Nurahmed Bit diameter(mm): 110, 96
Approved By:
BH=Borehole
N=Blows/30cm Rock sample

CPT=Cone Penetration Test
USCS=Unified Soil Classification System
RQD=Rock Quality Designation
TCR=Total Core Recovery

AFS=Averge Fracture Spacing

Re=Rock core

REMARK:

Undisturbed sample

Disturbed sample

(< © s

Static groundwater level
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

E = ')
£ | E [ . iy
z FlE 2 Field Description of o Core Photographs
= ~ |06 |8 |~ |2 2 i -
c g 3 o |0 |8 |z E £ Soilfrock E
ol Sla|s|2|a|-o| g s | d
L % g lfl2|L|ag E o2
8 el (6] I < |02 gy 0] 0
15.00
E =]
E e
16003055 - 100 — =F]
3 = _+{ﬁ
= =l
17005120 1100 100 4 ="
= 18123123 = -f_ n
S-0454-100— = LT
3 ‘ S
180054055 1- 100 —;;_‘*_}t
3 SR
3 1000 Grayish, stiff, high plastic clayey = _;}+
190021001100 — p— SILT with some sand e
3 12126027 el ive
0451100 = =L
3 z ;71-_+ Depth 15.00 - 20.00m
3 = [T
2003035 1-100— ==
3 i
E iy
21003100100 2100 —"L;i"
3 o 12126/ =k =
045100 e v 4
E = _}
= =
200308 - 100 4 = _“_{-‘f
3 I
3 Spt)
2003100 4100 | 2300 | 2300 = "ﬁ}*’
E 1221125 SR S
3045 - 100 il
E 7% =F %
4003056 1100 5 =
B I
3 ] St -
3 o il Depth 20.00 - 26,00
10910 Reddish brow, st bigh plastic =% e
3 clayey SILT with some sand =
2&00—3— 100 100~ é
2700100 4100~ E
3 2780 =
28,003 1,00 4100 — =
3 Dark gray to gray, coarse grained, =z
E highly weathered and fractured =
20,003 1.00 4100 =
3 ! B0 weak welded Tuff =
o 210 Lo R 00| 400 3$|:‘,: Depth 25.00 - 30.00m
Consultant: Drilling Method: Dry boring
2””“’”."’““#0" Type of Rig : ROTARY
Upervisor: Bit Type: Tungsten Carbide, Diamond
Logged By: Nehil Nurahmed Bit diameter(mm): 110, 96
Approved By:
BH=Borehole
N=Blows/30cm Rock sample
CPT=Cone Penetration Test 7
USCS=Unified Soil Classification System ) REMARK:
RQD=Rock Quality Designion Undisturbed sample
TCR=Total Core Recovel
i ) @ Disturbed sample
AFS=Averge Fracture Spacing
Re=Rock core .
\vi Static groundwater level
—
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

E = '3
£ |E 2 , -
£ -g % § . Field .Descnpnon of E, Core Photographs
5 = g ) 6|8 3 E % Soil/rock 2 )
= | a s |2 | kS [
I 5 g 2 o | L (a9 E g |2
Sle|g |8 |T|< |22 § 510
= + =+
Black to dark gray, soft to medium =
100 Lo 100 stiff, high plastic silty CLAY with _5
’ trace of sand =
1.7 =
120 4 100 Grayish, medium dense to dense, _=|
clayey GRAVEL with occasional -~ =
250 cobble =
1.00 4100 —| Yellowish, medium dense
to dense, clayey SAND
350 | with occasional cobble
1.00 4100 — Brownish, stiff, high plastic silty
CLAY with trace of sand and
oceasional cobble Depth 0.00 - 5.00m
1.00 4~ 100 —|
00
1.00 -4 100 —|
6 =
6] E
voo Lo 700 Reddish brown, stiff, low plastic =
T 1115 clayey SILT/ silty CLAY with somz
045 100 — TE sand and trace of gravel =
055 1 100 — =
&40 Dok brown To brown, stlTTo very =
1004100 9.00 o.00- stiff, non-plastic clayey SILT with
508112 some sand
0.45 4100 — 7
056 4100 — =
Grayish, stiff, non-plastic clayey =
SILT with some sand =
1.00 4100 | 1100 | .
358 | 1150 B
0.45 4100 — == o =
T 125 Grayish, stiff to very stiff, =
j250k non-plastic clayey SILT with =
100 some sand (derived from highly | =
1.00 4100 — po— weathered and fractured very | =
045 1100 — T weak Pumice Tuff z
0.55 21— 100 — _E
100 L 100 i 15.00 = Depth 10.00 - 15.00m
812125 =
045 4100 — e z
Consultant: Drilling Method: Dry boring
gu bcontraqtor: Type of Rig : ROTARY
upervisor. Bit Type: Tungsten Carbide, Diamond
Logged By. Nebil Nurahmed Bit diameter(mm): 110, 96
Approved By:
BH=Borehole
N=Blows/30cm Rock sample
CPT=Cone Penetration Test 7
USCS=Unified Soil Classification System ) REMARK:
RQD=Rock Quality Designation Undisturbed sample
TCR=Total Core Recovel
v . % Disturbed sample
AFS=Averge Fracture Spacing
Rc=Rock core
\v4 Static groundwater level
-
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

E = 0
£ [3 3 ; G
7 g % _; . Field .Descnptlon of g Core Photographs
Slelg |2 |8 |8 |2E| € Soilfrock 2
ol ¥ la |5 |2 |o ksl & 5| g
el |5 |2 |35 | |ag| E g3
Sl |eg |o|T|[<|22] & 5|0
15.00
E| il
= =
= = 5
16003 1.00 - 100 | :
11.m_§-1.oo__1oo— 1700
3 57112
1 0.45 4~ 100 T
- 0.55 - 100 — j 5 e )
Grayish, stiff, high plastic claycy
SILT with some sand
L-1.00 1100 | 1900
3 10112018
E—DAS--WO— ]
200034055 4-100—]
21 ooé-mo--too-— L0
3 J 1911918
30451100 T
2003 055 L 100 B »
22.00=-0.55 4100 —| 00
3 Red to Reddish brown, stiff to very
3 2% stiff, non-plastic clayey SILT with
23003100 4- 100 2300 | 23.00|trace of sand -
3 12123126|  23.50 -
E-0.45__100— T z
2600-3-055 4100 — 2% 2
3 Varicgated color(yellowish), highly = '-,_ -
25,00—=f~ 1.00 4-100 — 2200 weathered and fractured very weak = =l
3 26027R[ 2550 Pumice Tuff ] nem
E—OAE-—100— e 5
26700—;—0‘55--100— 240
27,0010 4- 100 | 27.00 | 270 B e
3 30R =
_:_-0.45--100— —— ==
28,0005 4~ 100 | ===
= Dark gray to gray, coarse grained, =T
3 highly weathered and fractured =
o106 Lo weak welded Tuff =
3 ===
s000-3- 1204100 L] - =2 Depth 25.00 - 30.00m
Consultant: Drilling Method: Dry boring
gubcon.tratl:tor: Type of Rig : ROTARY
UPEINISOF: Bit Type: Tungsten Carbide, Diamond
Logged By: Nebil Nurahmed Bit diameter(mm): 110, 96
Approved By:
BH=Borehole
N=Blows/30cm Rock sample
CPT=Cone Penetration Test )
USCS=Unified Soil Classification System " REMARK:
RQD=Rock Quality Designation Undisturbed sample
TCR=Total Core Recove!
i z @ Disturbed sample
AFS=Averge Fracture Spacing
Re=Rock core )
\V4 Static groundwater level
—
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

=Y
8

E = ']
£ £ 2 . -
£ | E E Field Description of ) Core Photographs
= ~ a8z 12 2 i I
Szl |3 |6 |8 |2E| € Soilfrock 2
IS5 |8 e |alog] 2 £l2
2 5 g 8|2 |ag] 5 |3
glelg | |T|< 2§ 5|0
Black to dark gray, soft to medium 1
100 Lo stiff, high plastic silty CLAY with B
trace of sand -]
120 4-100— 1 Grayish, medium dense fo dense, =
clayey GRAVEL with occasional =
E 2.70cabble E
= | 100— Yellowish, medium dense =
E to dense, clayey SAND
3 with occasional cobble
= 3.
4003 10— 4204, Brownish, stiff, high plastic silty
CLAY with trace of sand and
occasional cobble Depth 0.00 - 5.00m
1,00 4- 100 —
Reddish brown, stiff, low plastic
100 100— 600 clayey SILT/ silty CLAY with some
6 10/8/0 50 sand and trace of gravel =
0.45 4-100—~ 55
055 - 100 —| 4 7.00 =
Dark brown to brown, stiff to very =
w0 Lo ™ 00 2221 1:(;1:‘;Jplasnc clayey SILT with =
6/12/10
045 4100 — i B 850
055 4100 —|
100 100 | 10.00 | Depth 5.00 - 10.00m
e | 1950
045 1100 T
055100 —| “
12.00
100 4-100—~ PP Grayish, stiff, non-plastic clayey
045 4-100— e SILT with some sand
055 4100 —
1004100 00 |
17R
| 100—| T
= 1100 —| ]
Consultant: Drilling Method: Dry boring
Subcontractor: Type of Rig : ROTARY
Supervisor Bit Type: Tungsten Carbide, Diamond
Logged By: Nebil Nurahmed Bit diameter(mm): 110, 96
Approved By:
BH=Borehole

MSc Thesis

N=Blows/30cm

CPT=Cone Penetration Test
USCS=Unified Soil Classification System
RQD=Rock Quality Designation
TCR=Total Core Recovery

AFS=Averge Fracture Spacing
Re=Rock core

Rock sample

Undisturbed sample
Disturbed sample

Static groundwater level

< & s

REMARK:
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

g = ]
EE 2 ) -
z Ll E 2 Field Description of 2 Core Photographs
= ~ | B g | ~ | e i -
Slalg|5|a (8|28 & Soilfrock o
= [ < £ o 5)- - a -5 |
glZ|g |2 |2 |t (ag| & g2
Sl |g |0 | |< |22 & 6|0
15.00.
g =
16005100 4 100 — 16001 16
3 16/21/33| 1150
045 4-100 — A5
3 Yellowish brown to brown, =k
170020585 - 100 — 1200 non-plastic, clayey SILT with somé=L % ~ 4
3 sand and trace of gravel =t
18003100 - 100—
é 4Tk gray fo gray, coarse grained,
3 16.904 highly weathered and fractured
1500 3 160100 —l weak welded Tuff
3 = ; Depth 15.00 - 20.00m
20003100 4100 | 20.00 | Grayish, stiff, high plastic clayey =F+]
E ; ’ -
3 2330 SILT with some sand =i +
3045 4100 e+,
E 7045 g
210034055 - 100 | 2100 b
3 d 2150 =+
= ¢ ==t
3 - Gray to dark gray, stiff to very stiff, = ._—'F —3
22,003~ 1.00 4 100 —| 1 2% non-plastic clayey SILT with some = {5__{
E 2R ! = i
3045 {100 — — sand Eky
3 L] Hress
za.oo_z_ 085 4-100— z i tf_
3 =+
E 2400 5.
#1010 R Reddish brown, stiff, high plastic g
§-045 4100 e clayey SILT with some sand F y
26,00 055 100 E iy
03 =l
E =F-
E 25, Sjimeas
26,00—4 1.00 4100 —| =
27'00_5_1‘00"100_ Dark gray to gray, coarse grained, =
3 highly weathered and fractured =
3 weak welded Tuff =
28.00-31.00 4100 =
3 280 =
29.0031.00 4100 - =
3 2800 [ gog0 = T
E Grayish, stiff, high plastic clayey =} 5| Depth 25.00 - 30.00m
30'00“5_ 1004100~ 1 30‘00--| SILT with some sand =
Consultant; Drilling Method: Dry boring
:uhcon_lrar#or: Type of Rig : ROTARY
UpervIsor: Bit Type: Tungsten Carbide, Diamond
Logged By Nebil Nurahmed Bit diameter(mm): 110, 96
Approved By:
BH=Borehole
N=Blows/30cm Rock sample
CPT=Cone Penetration Test )
USCS=Unified Soil Classification System , REMARK:
RQD=Rock Quality Designation Undisturbed sample
TCR=Total Core R
0lal -0re Reovery , Disturbed sample
AFS=Averge Fracture Spacing
Re=Rock core
\v4 Static groundwater level
-

Figure C- 5: Lafto-2 borehole logs
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

f. Lafto-3

" E E Fleld Description of g Core Photographs
I qE
uE :
g_u)-—m . |L 030 G % X
“'E""""" T 7T | T Dark gray, wﬁ,fnd-v(wpsdlé -
w;i_un--m 4 4 140 i_—
mé-—m__m —+ =+ 2/3/4 | 3.00 —E —_
m_g—m-—m -+ =+ 4% _g__ Depth 0.00-5.00m
m—g—m-—m —“+ T B3R _g_—
m—é—m o+ T _i |
70 —E—im-—m—-— T 3/5/5 7.00 —E__
) E_m-_m + 4 % % —§__
E 8.0 g
E - Light gray, stiff to very stiff, fat =|
w e T Clay (residual soll) =]
= = Depth 5.00 - 10.00m
m—;—‘ﬂ =100 —1— —; —
"m—i—m w4 T 4/8/8 _i ]
winlel | sy
Mé—m 10+ 4+ 5/717 (13.00 -§ —_
“"’—;—'m T4 4 17.00 E Depth 10.00 - 15.00m
m_g_un_—un 16:0 =
Consultant Driling Method: Dry boring
Subcontractor: Type of Rig : ROTARY
Supervisor: Bkt Type: Tungsten Carbide, Diamond
Logged By: BX diameter{mmk 110
Approved By:

N=Blows/30cm |:| Rock sample
CPT=Cone Penetration Test
USCS=Unifled Sol Classification System
RQD=Rock Quallty Designation
TCR=Total Core Recovery

AF8=Averge Fracture Spacing
Re=Rock core

Y| Undisturbed sample e
@mm
\/ Static groundwater level

PLEASE MAKE SURE THIS IS THE CORRECT ISSUE BEFORE USE
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

£ 5 E Fleld Description of g O
§ 1 1F
wd | :
E_m__|m_ 1o om M*GWM ; Z
m—é—m-—m -4 < = M”'mmm(mpm:g __
m—i—m-_m — 140 E__
“"—E“‘“ o 2r3/4 | 3.00 _E__
wiwlal | & 1
: = Depth 0.00 -5.00m
m—z-w--m e B/3/3 —i |
m—i—m 0+ + _E ]
0 —E-m-_m_— N3 55 - _E__
200 —E-m-_m “+4 4 [ % _% __
3 8.00 Z —
800 —E-m-—m—— -+ Clay (residualsoi i
E =— Depth 5,00 - 10.00m
10005190 10— T El
nm—i—m H10—— 4/8/8 _E ]
M—E-m ti0—— | _E__
wodmw o 6717 (13,00 El
“"—g-m ST % _2_— Depth 10.00 - 15.00m
i 160 i
Subcontrector Drlling Method: Dry boring
Supervisor: ' Type of Rig : ROTARY
: B Type: Tungeten Cartide, Dismond
Logged By: BX diameter(mm}: 110
Approved By:

N=Blows/30cm H Rock sample
CPT=Cone Penetration Test
USCS=Unifled Sol Classification System
RQD=Rock Quallty Designation
TCR=Total Core Recovery
AFS=Averge Fracture Spacing

Re=Rock core

'2 Undisturbed sample REMARK:
@mm
\/ Static groundwater level

PLEASE MAKE SURE THIS I8 THE CORRECT ISSUE BEFORE USE
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

£ S Fleld Description of g B
? 9 E i E E E Soll/rock g rotographs
wl b 1 LK
ERTAI 4“: 0 Made Ground s z
|m—'§"ﬂ.--|ﬂ—4— - MW:”&“WI”“;—
3 130 H
w—i—m--iw Al [ § U5 E—_
w—i—m--m-- -+ 4m _E .
wdufl | []| @ B
E I — Depth 0.00 - 5.00m
m—;-m-_m b el _; B
Iﬂé—iﬂ 4400 —— -+ 4/4/8 _E _—
0 -é—im--m_— -+ —E—_
1) -E-m--m 4 4 ' 355 —E .
: Light gray, stiff to very stif, fat g—_
W S-mm— T Clay (residualsol) 2"
g [l ey
oo L1 T+ 458 _; B
mn—i—m Jo—+4+ + —E__
mn—i—m Lo L 3441200 —E —_
T 13,00 -
il P
3 T = E Depth 10.00 - 15.00m
M—E-m-—m B
Subcontracior: Drilling Method: Dry boring
Supervisor . Type of Rig : ROTARY
: Bit Type: Tungsten Carbide, Dismond
Logged By: Bit diametsr(mm): 110
Approved By:

BH=Borehole

N=Blows/30cm H Rock sample

CPT=Cone Penetration Test

USCS=Unified Soll Classification .

RQD=Rock Quaity Designaion s Undisturbed sample REWARK

TCR=Total Core Recovery
AFS=Averge Fraciure Spacing @ Disturbed sample
- {7 Static groundwaier level

PLEASE MAKE SURE THIS I8 THE CORRECT ISSUE BEFORE USE
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

= § E Fleld Description of g Core Photographs
P g F E E Sollfock
TN HE
“: =
i Cont...Light gray, stiffto very £
b R e il oxR S, ft Cay(residunlsol) = __
3w 17.65) 17.00 A4
3 . RIT Light gray lightly weatheredto =}, </
80310100 fresh, closely to moderately =
E o 17.90 spaced, weak toweded tuf. = V<
|m—§-1m--m—— 4 19.00r E \q <
3 E\\ Depth 15.00 - 20.00m
an sl B0 z b
EN
ﬂﬂ—E—MO--m—— = _E N
3 =N\
20310110 22,00 ZN N\
3 » E N
E @ N
80-2- 10—+ 123.00 =\
3 Varlegated color, very stiffte = W\
3 hard, sty Sand withlocally =
=R T containing sightly welded tuft = t :
E g E NN Depth 20.00 - 25.00m
2010010 z
E =\
E EN
M-LE'—-MI)--m—— . 26.00 -’—é N\
3 ZNN
ﬂ.ﬂ—;—‘m——m—'— - % ; \ \
3 21.00 SN\
E g \ D:\G0 Enghawrhg PLC\AGhog Fle\ibe S\ Sta Photos\28.pg
B0 S-100 10— i=
= = \
= =\ \
2051010 - =N\

E E{ANAN Depth 25.00 - 30.00m
Consuttant Drlling Method: Dry boring
Subcontractor: Type of Rig : ROTARY
Supervieor: B Type: Tungsten Carbide, Diamond
Logged By: Bk diameter{mm}. 110
Approved By:

BH=Borehole
N=Blowa/30cm H Rock spla
CPT=Cone Panetration Test
USCS=Uniled Sol Classiicaton System -
RQD=Rock Qualky Deeignation Undisturbed sample i
TCR=Total Core Recovery
AF8=Averge Fracture Specing % Died sapls
g \V/ Static groundwater level
PLEASE MAKE SURE THIS IS THE CORRECT ISSUE BEFORE USE
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

Fleld Description of
Soll/rock

RQD(%)
Casing Dia{mm)
Hole Dia.(mm)

AFS(%)

100

E

Lo ot et et ot oo teed et fes e B ot oot e e foe e i

020 Made Ground

Dark gray, soft, fat Clay {top soll)

!
|

4100 —<4—

(<l em

120
100 -
100 1100
100

d100 4+

100 {100 4

+100 ——

Light gray, stiff to very stff, fat
Clay (residual solf)

+4-100 —+—

4100 —4—

1100 { 400

100 ——

13.00

14.00

Depth 0.00 - 5.00m

Depth 5.00 - 10.00m

Depth 10.00 - 15.00m

Drilling Method: Dry boring

Type of Rig: ROTARY

Bit Type: Tungsten Carbide, Dismond
Bit diameter(mm}: 110

|:| Rock sample
/
@Dﬁmm

7 Static groundwater level

Undisturbed sample

PLEASE MAKE SURE THIS IS THE CORRECT ISSUE BEFORE USE
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

z 5 S i Field Description of 8 Core Photographs
s o Solirock
HH R i
1890 =
3 51 Z
m%-m__m —100 ] 'E B
nmé—m-um——m- 3/6/8 :;tfnl.gy‘t(’mm:)m -E__
M—E-m-rm—-—m— —E il
§_1m-uu--| . E |
""’: o e 1%"' Em Depth 15.00 - 20.00m
mé-w.hm__u-- 20,00 2000 : <
ME 190+ . 5 Eﬂ ]
R E
E E R
ME—Lﬂ—y-. —_— - R —E q
ARNERMENE N
201018 1 =
3 " [ Light gray sightly weatheredto =\, </
E R [23.00 fresh, closely tomoderately =
u—g-m—-n—- - 24.J spaced, weak to weided tuft. _E <
3 " 0 ENA Depth 20,00 - 25.00m
N R R EY A\
E . 24.30 = N
R 26.00 = 7 g
3 =
205 ¢ 07.00 = v
E-m-m - 27 54\q
i e et I | Varlegted color,vanystiite P \
3 hard, sitty Sand withlocally =]\ \
200100 10—+ -+ containing slightly weided tuff =\ \ Beph 25,00~ 30.00m
3 (tuff depostt) E NN 00 - 30.
20007100 Lo = T}
Consuftant Driling Method: Dry boring
Suboontrackor: Type of Rig: ROTARY
Supervisor: Bit Type: Tungsten Carbide, Diamond
Logged By: Bit diameter(mm): 110
Approved By:
BH=Borehole
N=Blowa/30cm H Rodkamyls
CPT=Cone Penetration Test
USCS=Unified Soil Clasaification System 7
RQD=Rock Qualty Designaton | Undmated sergle -
TCR=Total Core Recovery Disturbed
AFS=Averge Fracture Spacing % a—_—
Rosfodkoore \/ Static groundwater level

PLEASE MAKE SURE THIS IS THE CORRECT ISSUE BEFORE USE

Figure C- 6: Lafto-3 borehole logs
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

g. Lideta-1
'
E 'E' ? Field Desoription of 3
T | & -3 | = E ol rock ﬁ
-1 ﬁ 2
1HHH s
i = o
i Bacldil, red clay “‘EE 2
] Medium stiff, dark to light gray high plastic sty e
- g L0 | |8 CLAY soil latyer. e
AL From 2.50 - 2.75m decomposed boulder E
ountered).  erters
of | e E=
il a0 |- B73 S
L T

= 0] =)

Very stiff, redcish brown, high plastic clayey SILT =
5 soil layer (Weathering product of IGNIMBRITE) 2
= il T. -f
- Fi el i
S
ot =
335 [0 = E
a ] e N = *ﬁtﬁsﬁ
E! Ry
i m e
PRk EL
Eio
.30 SHIY to hard, variegated colordominantly brown), giiﬁ&%
o Eﬁ'IEﬁ[\lF low to high plastic dayey sandy SILT with occasional éii“ﬁ e
=y weak core stone (weathering product of scoradious/ Sttt
am vesicular BASALT). ;.EE%
1265 | Ei;h&-r
el [T E (B
EEE%@.
el 45 et
8 S
l&ﬁu_![l[ :tlﬁg‘g
=i
M Ejfit
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

Hel |,
i lald |4 g
2 5§ 5 ] ¥ Field Description of
5 B Ei slAERE ! 5 Aoll rock 4
Elals s |F i B
HHHSHEE: :
" ST T BRGNS
L iesn ) m - ) SRR
: N
171 Sk
1A 1 il é'}\ !?eh:;f
E a0 B
i ERFd RS
3 il Cont... ZHARN
oo | o gﬁn §tiff to hard, variegated color(dominantly brown), = '&\‘g%%‘
é_,m o ol low to high plastic clayey sandy LT with occasional ég%i%%
- weak core stone (weathering product of scoracious/  Spihas
E o vesicular BASALT) Speb
EPi 0L vesicu ALT). iﬁ}\‘eﬁg
il 2130 SR
é-ﬂﬂﬂ 10l < R 3 &) 23\};“&:?
E f htuaid
= = E
@20 - ] Eﬁﬂ[ —:3&@@
Fenanl o + 4 R
E & 1324 2V V
Emé_m;- 0 - 75 - Bl Moderately strong to strong, dark grey, slightly to _§ V
E g4 moderately weathered, closely to moderately = V v
=93 p fractured BASALT rock layer. ERY
S5m0 - =
et = R EE T ;V V
; it
e 274 £ =
ol m - =
= i i Very dense, reddish brown, non to low plastic,  ZE¥
e ' silty SANDYCRAVEL soil layer.
- Gl e s *Many weak boulders encountered.
E 0
ﬁm}am - =2
" ﬂé-E'SLEE- mt-
ECT= R
amdanlmt-
3 3140
3 it
3 ALl
ol BT TH T

Figure C- 7: Lideta-1 borehole logs
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

h. Lideta-2

8
5 |4 .
0 E s | 2 g
- =8 B f - Field Description of I .
§ WCER i |8 o |E
Pl IRIR Al BONE I -} Soil/rock 3 |2
~ a | = Q = n [}
L1 |28l |3 |E|E B g |E
- §le | |a]o |T n | p =3 G |O
E Backfill material - silt, sand and gravel soil. 030 SAXXXX
= =+ o+ o+
3 1.00 ShheTt
1003100 {100 — = S
= w7e =0
= =+ + +
3 . . =k o+ + 4
202 |10 2 Stiff, dark grey, Fat CLAY soil. =S
= 2.5 = A
= =L+t
3 300 | |0 A0
300-3-3.00 {100 — 108 =L
E =0
= =L+
= =k 4 4 4
4003400 =100 7 o 38 Sfwm NIL
E S[RN
3 4.5 SRRRER
E ZRINWY
500-={-5.00 {100 55}'2,05 '|5?0 =R
3 ' SRR
3 BN
6003600 {100 0 SR
3 650 | |5 SRRNRR
3 I7373[65 SRR
7.00 =-7.00 {100 | = Egﬁ?:ﬁ\;
3 S vekavhod
3 Medium stiff to stiff, light yellow, Elastic SRS
800 a0 {100 - L SILT with sand/SILT soil. SN
3 3 SRR
o 3 5 SRR
00 3-900 {100 S RN
3 950 | 900 RN
3 - SRt
E 47578 SR
10.00=10.00 - 100 — ZRRRER
3 SRR
3 ENSAY
E 11.00 =Rl
11.00 = 1100 {100 — 89 SRR
E 37576 Shny
E L S SRR
3 SRR
P I ol SN
3 250 SRRN
E SRR
13.00=-13.00 { 100 — = gg:lg:‘?\(‘&
3 - - - 1330 Spusboss
3 Weak to medium strong, light grey, slightly = |
140031400 100 = - —-10 14R'00 to moderately weathered, closely to widely ~ Z l
3 jointed IGNIMBRITE rock. =
1500F 1500 F oo - 13 From 13.30 - 17.00m moderately to highly = |
3 weathered, very closely jointed = |
Y I . IGNIMBRITE. =31
Consultant: Drilling Method: Rotary Core Drilling
Subcontractor: Type of Rig: XY-200 (China Made)
Supervisor: Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & 89
Approved By:
BH=Borehole
Disturbed sample
N=Blows/300mm s P
SPT=Standard Penetration Test
USCS=Unified Soil Classification System |:| Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery I Rock sample
AFS=Averge fracture spacing
v Static groundwater level
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

"
3|
—~ g B g ol
g AR ] . - 9
1 EEE R | w Field Description of A
AP LEEL B . o |E
ElR B8 | 2»9R38 |# |42 Soil/rock 3 [
1 EHE I HEIRE |
8 gle|a|d = < % 8 =) 5 |©
1600 = l
170021700 100 - - -7 Weak to medium strong, light grey, = l

3 1t slightly to moderately weathered, closely ~ =| |
16001800 1 95 - 90 456 17,60 to widely jointed IGNIMBRITE rock. = l

E |1f|3|?5 From 13.30 - 17.00m moderately to = l

3 1870 i joi z
o330 -0 | 760 }?HO ?Cl,g]l;:]\(/l \gflila.lt_lgered. very closely jointed E

3 19.30 ' = l |
20002000 |90 - 75 - 82 %2, T
awo—i—et.un - 100 1211093 é: N

é 21,90 é + ++++-¢
ee,uoé—ee.no 100 Igg[lm é " :*:*:

3 =kl Very stiff, light brown, Elastic SILT/SILT soil. - Z|.*.*.*,
ea.ou—z-as.uo—mu— é: : :":
e«uu—i-a«a.no - 100 8 13}41;[2)9 5 é: e

é 2450 é + +++*+
es.uo—z—as.no - 100 — |2§L0 ; :*:*:*:

é §+++++++

3 S+ o+ o+
26.005-26.00 - 100 — I

3 26.50 ,‘:,,E+++"‘+“*

E L2 =

00270095 <0 —10 . . =
mo_; Weak, light grey, slightly to moderately = l

3 weathered, closely jointed IGNIMBRITE rock. =| |
2800542800 89 ~ 10 - 39 5 I

E EB.TIE
29003-2900 - 90 - 15 - 42 —;: :*:*:

= £9.50 E+ S

E 3000/ |0 2l
3000-3-3000 {- 100 5710715 30.00 Very stiff, brown, Elastic SILT soil. fe

E §+*+++:+
310023100 1 100 =R

3 3150 E+ +++++

3 Sttt
32005_32.3” . o+ o+ o+

Consultant: Drilling Method: Rotary Core Drilling
Subcontractor: Type of Rig: XY-200 (China Made)
Supervisor: Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & 89
Approved By:
BH=Borehole .
N=Blows,/300mm {5 Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Scil Classification System |:| Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery I Rock sample
AFS=Averge fracture spacing

AvA Static groundwater level
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

Core run(m)

TCR(%)

RQD(%)

SCR(%)

Casing Diameter
tmm)

Hole Diameter
(mm)
%)

SPT N-—value

Sampling

USCs

Field Description of
Soil/rock

GWL (m)

w
n
=3

ITNRTRNNN]

WICK o
= 2

w

w

o

o
W—w

33.00-=~33.00 {~ 100 —

i

34.00—34.00 - 100 —

8

W
N
o
Ol

35.00
871071

w
ol
o

-35.00 - 100

w
o~
=

-36.00 +- 100 —

5

36,53
071177

W

3

5
X!
o
ul
O

-37.00 - 100

38.00
R

w
®
=

I-38.00 - 100 —|

Tul|I||||T||||I||||T||||I||||T||||I||||ﬂ|ulm

w
0
=1

39.00 +- 100 —

&

39.5(
R 13950

40.00=- 40.00 1 100 | 89

100 4

41,00
R

4%5;%{@

42.50

42.00—-42.00 1~ 100 |

43.00—43.00 - 100 <

e
N
=1

- 44.00 - 100 —

44,00
R

B
o
=

-45.00 - 100

4350
1I7137)S

47,00 |8
107137547 00

|||I||||ﬂ|l||||||Eﬁ|||I||||;]:’||||I||||;n|||I||||'T||||I||||'T||||I|

+-46.00 — 100 —

B
=~
=

- 47.00 — 100 —

vy

48,005

T
+ + + 4

+,Y Graphic Log

Very Stiff to Hard, brown,Sandy Elastic
SILT/SILT with sand (weathering product
of scoriaceous basalt) soil.

33.50=Fr

Very stiff, reddish brown, Elastic SILT/SILT soil.

S
kS
P
1=

vohnobuoton aoloohoohgponalbooboon volnabootoolooloo oo oo oo lao oo e oo oo loalooadom
1
225
2%

450 166

Consultant:
Subcontractor:
Supervisor:
Logged By:
Approved By:

Drilling Method: Rotary Core Drilling
Type of Rig: XY—200 (China Made)
Bit Type: Tungsten Carbide & Dimond
Bit diameter(mm): 108 & 89

BH=Borehole

N=Blows/300mm

SPT=Standard Penetration Test
USCS=Unified Soil Classification System
RQD=Rock quality designation
TCR=Total core recovery

AFS=Averge fracture spacing

{y Disturbed sample

|:| Undisturbed sample

I Rock sample

AvA Static groundwater level
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Site specific Ground Response Analysis at South - Western part of Addis Ababa

8
K .
0 E% 2 ¥
1 55 £ E ‘;;3 @ Field Description of A A
PR [BIR wAASR (2 |2 Soil/rock 2 g
c1E(5|E|a|3 |8 |5 |68 2 g
S|le |& | @ S|2 |2 |6 |8 |83 & |o
4800
3 48.50
3 971471
49,005 49.00 - 100
su,ou—z—sn.un - 100 — 95200/01
510035100 | 100 - Ve:ry stiff, reddish brown, Elastic SILT/SILT
3 5150 soil.
E 10710715
3 22.00
52.00-5-52.00 - 100 —
3 0
3 53,00 >
530035300 100 579714
54.00%-5430 - 100 —
55.00%-55.00 - 100 — oS00
560035600} 100 89
3 56.50
57un—§ 5700 9/11/”57 00 Very stiff to hard, brown to reddish
R D T 5 brown, SILT with Sand and boulder Soil
3 sg.00l 270 (weathering product of basalt).
580038001~ 100 R from 55.90 - 59.60m basalt rock
= encountered.
59,00 59.00 - 100
3 59.50
E R
60-00—;~60'UD 100 |
61-00—5—61.00 - 100 — 9%'10/01, 50'80—: ++++++
; ; + :++ +
6200216200 [~ 100 25 Very stiff, reddish brown, Elastic SILT soil. 2} /+7+7+]
3 07127} E SRS
63,003 63001 100 - g 0 S|
é = é + + + H
64003400100 64.00*>>° S A
Consultant: Drilling Method: Rotary Core Drilling
Subcontractor: Type of Rig: XY-200 (China Made)
Supervisor: Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & 89
Approved By:
BH=Borehole .
N=Blows,/300mm { Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System H Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery I Rock sample
AFS=Averge fracture spacing
AvA Static groundwater level
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8
T |8 o
0) Ede | |2 ¥
= AE E £ g | w Field Description of SN
=] [y —~ E 6 E —~ | E 3 L E
ElR [B|R|wR3E |7 |3 Soil/rock 3 [
11 HEBHEHE 1k
5|8 |2|8|8|2 |2 |k |8 |8 5|8
640 § ér +:¢:+
p =} + + ¢
3 64,80 =14+ 4
650056500~ 95 = V
66006600 90 E Vv
67 M
67006700 - 60 —- 30 — 30 [ = V
3 67.30 = V
68006800} 85 170 73 6840 =
3 6815 EY
690026900 - 65 27 - 38 —E V
o ERNY
700077000 - 79 - 64 - 72 70,00 =
Frs0t9e +- - Med , %V
noanolos Lo La fedium strong to strong, light grey, z V
E slightly to moderately weathered, closely =
ElN T to moderately jointed BASALT rock. ;V
72007200189 - -6 o 8 From 70.00 - 73.00m light brown, highly ~ =| \)
F7240+86 - - - =
3 weathered to decomposed, gravely SILT ELV;
730037300 76 - - (weathering product of basalt). =
74.00%-74.00 70 45— 49 E V
3 747 =
750027500 F 40 20 - 26 R 3V
3 753 =
3 (11 = V
E 75,50 =
76007600 - 90— 75— 79 5 V
o v
77.005-77.00 - 86 - 70 - 76 7679 = V
3 778 E
78.003-78001- 83 —- 60 - 65 el - V
i © v
730027900 - 88 —- 66 —~ 70 | ' =
i v
8000 -enen 95— 0| oo : Erd-of Borehole ol V
Consultant: Drilling Method: Rotary Core Drilling
Subcontractor: Type of Rig: XY-200 (China Made)
Supervisor: Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & 89
Approved By:
BH=Borehole .
N=Blows,/300mm {y Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System |:| Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery I Rock sample
AFS=Averge fracture spacing
AVA Static groundwater level
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g
® |8 o
0 EJs | |2 g
= 55 £ E ? ¥ Field Description of P
—~ e .
PR |[RIE [P |= |4 Soil/rock 2 £
e B |E(5 (8|8 12 |5 |88 A
MR S|E |< |v |& | B 5 |o
. -] . . . = VVVVVVV
3 - SMVYVYVY M
Joso Lo Backfill material - silt, sand and gravel. 050 SRR
100100 | 100 4 100 E B0
ol 37374 Medium stiff , dark grey, Elastic SILT soil. E S
E :50 E+ 4*§§+
E 2.00 E! + + o+
E.Ol]—z-E.OU 100 17375 E?Ul 2,00 =1 ‘+‘++
E é" 41* +
3 3.00 S
300-3-300 {100 1 108 17575 =} .:; .
= =
3 400 | |3 Stiff, light brown to grey, Elastic SILT soil. Shia
g grey +
4.00—:-4.00 100 o S7676] 4.00 =k Lt
Has0 |10 4.3 =300
3 | Shi
5003500 | 100 - =
= 5.0 E" +*+'+
= =% + + +
3 600 Shoaar
e.uu—;—e.uu - 100 | 57877 6.00 ;+'+:+:+
é EQ f’§+
| =F + + +
7.00 =-7.00 {100 | =0
3 7.50 Lt
=750 100 =0
3 37575 Shh
800 =800 100 - =000
5 = +
3 = + + +
3 900 | |0 B
900 =900 {100 372731900 =000
= g - +
3 =F + +
3 0.00 E+:+:+:+ y—
10,00 =-10.00 100 — s . . . . . “k +] 1000
3 10.50 Stiff, light yellow, Elastic SILT with sand soil. ~ =[+7+7+"
100 100 374751050 from 6.00 - 10.00m light grey to dark brown, =}*,*,*,
1,00 S-1100 100 89 =00
E = +:+‘+
3 12.00 E
120031200 - 100 17375 53000
3 =
= - +
= =k o+ o+ +
13.003-13,00 - 100 o =kt
3 = +
=-13.50 100 o 4135'52 =
3 =F + + +
140031400 - 100 4.00 Zhretet
3 = + o+
E EI' Q"i“i'
3 1500 |8 Zh
150051500 100 57576/ 15,00 = 4:+'
3 =k + +
= - +
3 ZH o+ o+ o+
16,00 S-36:06-—166- = +
Consultant: Drilling Method: Rotary Core Drilling
Subcontractor: Type of Rig: XY-200 (China Made)
Supervisor: Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & 89
Approved By:
BH=Borehole .
N=Blows/300mm #y Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System |:| Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery I Rock sample
AFS=Averge fracture spacing
AvA Static groundwater level
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]
2 s
0 |0 o
0l 5,\ ° E g
e 55 £ E ? ¥ Field Description of P
e
R EIR | =383 |= |2 Soil/rock 2 £
o ¥ |E |8 |3 |¢ |& |e 8 &
SE|B(2 |82 |5 |F |48 HE
S| & o | n w0 =] <
16,00 —F
3 16550 SR
1650 - 100 775 E e
170021700 {100 1700 =
1a,ou—§—1a.oa 95 120 - _z l
3 670 Very weak to weak, dark grey, slightly to =
190021900 88 - 75 - 70 I moderately weathered, closely to widely = I
3 a0 jointed IGNIMBRITE rock. = I
E it From 17.00 - 18.00m highly weathered =1
2000-3-20.00 - 83 —- 80 —- 78 — 50 =
3 rock. E|
3 20.40 =
210022100 - 52 —- 90 —- 90 = l |
3 2150 S+
= =K + + +
220052200 40 —- 25 20 533‘,05? =k +:* +
3 2250 ENOE
3 =R o+ o+ 4+
23.003-23.00{ 100 |E§[|]0 =R
2350} 100 £3.50 ESans
E R 779711 =Lttt
24,00=-24.00 - 100 - 89 Very stiff to hard, dark brown, Elastic SILT soil. =[,*,*,*,
3 §+:+:+ +
25.00 SO0
100 4 5] = IR
=p +:4 +
Sk o+ o+
100 < R +++ +
| 100 2%50 E
Sk oo+
27.003-27.00 - 100 =
3 |27 ijg =m ++-¢ +
E 5 §+ + o+ 4+
EEI.UU—E-EB.OD 100 28.00 §+ +*+ +
3-28501 100 2p50=ft *+ *
29003290030 10 - =
: 5 :
swsoanm L Leo L a0 59,70 Weak, light grey, slightly to moderately = l
N R weathered, closely jointed IGNIMBRITE rock. =| |
E 3070 =
31003100 - 86 52 — 20 —| =
E 3100 {-86 52 — 20 2130 = l l
3 3140 = |
32,003-32.60-—76——5+——56 =
Consultant: Drilling Method: Rotary Core Drilling
Subcontractor: Type of Rig: XY-200 (China Made)
Supervisor: Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & 89

Approved By:

BH=Borehole

N=Blows/300mm

SPT=Standard Penetration Test
USCS=Unified Soil Classification System
RQD=Rock quality designation
TCR=Total core recovery

AFS=Averge fracture spacing

5 Disturbed sample

|:| Undisturbed sample

I Rock sample

AvA Static groundwater level

REMARK:
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8
2 |8 o
-~ E t = ]
) ~ &~ = . o Q
1 a E E E B olw Field Description of P
PR |RIE [ 2283k | = 2, Soil/rock 3 &
ez 215 (25|25 |f 8 2B
gl la|e |8 | |4 |8 |8 |3 & |o
3200 = l
E 3250
3 =+ + + 4
33.005-33.00{- 40 —22 —15 | 633‘0101 =00
p= | = + +
3 33.50 SRR
= =|* + + H
34,005 34.00 - 100 — L?LO =00
3 3450 7 E IR
5-34.50—100— 777714 E RN
3 = B
3300-3-35.001- 100 Very stiff, reddish brown, Elastic SILT soil. ~ =|*,*,*,
= S|+ ¢+ + 4
— = + o+ 0+
= =t * * 1
36.00336.00- 100 73?0[}? = DO
3 = ‘&‘0‘+*
3 =+ o
37.005-37.00{ 100 | ré 0 =00
E 37.50 Sttty
5-34.00 100 — 1875713 37.50 E RN
38.00538.00 - 100 =+ +:§ 4
3 Sl o+ o+ 4
g 39 00 E + 0"" H
39.003-39.00 - 100 e Tl 39,00 =g
4000} 40,00 }- 100 89 _E
%- 40,50 - 100 — 40'50“ ;
410034100 - 100 I% 0 = 4100
E 42,00 50 Very stiff to hard, brown, Elastic SILT =
4200542001100 T07157]7 (weathering product of basalt) soil. =
430054300 - 100 =
543501100 4330 =
44002 4400 100 - E
450054500 1 100 4500
46003-46.001 100 46.00
246501100 9‘}?5?4
470034700 - 100
EDR 48.00
480024606100 B7T7TS
Consultant: Drilling Method: Rotary Core Drilling
Subcontractor: Type of Rig: XY-200 (China Made)
Supervisor: Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & 89
Approved By:
BH=Borehole .
N=Blows,/300mm {5 Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System |:| Undisturbed sample REMARK:
RQ@D=Rock quality designation
TCR=Total core recovery I Rock sample
AFS=Averge fracture spacing
AvA Static groundwater level
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1
3 |5
3 )
- =}
: AR | . :
1 RE|5E g | w Field Description of i
g <o [CE2E - |1 |2 - o |E
Fle |RIE | =P4R |2 |4 Soil/rock 2 |2
olEF |22 |3 |2 |® |= |8 | B o g
‘6 o 0|9 o ¢} =3 & o (75} =
gle |a|& S | |4 |8 |4 5 5 |
4800 =
49.00—2—4930 - 100 o
5-49.50 - 100 < 13?129 5
5o.uo—z-su.uu - 100 —
510035100 [~ 100 9511§0L6
52005} 52.00 |- 100 ISZ% 0
3 52,30
E-sa.so—luu— 7T3/T555 50
53.003-53.00 {- 100 o
54005—54 00} 100 400 ; ;
= S7T071p Very stiff to hard, dark to light brown,
3 Elastic SILT soil.
55.003-55.00 - 100
55501100 35?'35,?
56,005} 56.00 - 100 89
57.00-2-57.00 - 100 105,7139 6
58.00=}-58.00 - 100
58301100 115,81'350 7
590035900 {100
E I P
6100-3-6100 |- 100
6150 - 100 b
3 62.00
62.00=62.00 {~ 100
3 0
3 62,50
6300-3-63.00 - 100 12:/3120 5
64-005-%98 106
Consultant: Drilling Method: Rotary Core Drilling
Subcontractor: Type of Rig: XY—-200 (China Made)
Supervisor: Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & 89
Approved By:
BH=Borehole .
N=Blows/300mm { Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System |:| Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery I Rock sample
AFS=Averge fracture spacing
AvA Static groundwater level
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g
- ~
-~ E 3 E
"]
g ~ e~ ] . s Q
1 A E £ E ? ¥ Field Description of S =
—~ = . Q
P |[RIR | «=83w |= 2 Soil/rock 5 ]
olZ |25 |5 (2|8 |x [E]8 BE
o
» gle|a|a |8 |z |< |d |48 |5 5 |o
g R ok
3 64.50
S-6450(- 100 - T
65.00=-65.00 - 100 |
66.003-66.00{- 100 oo 66,00 ;
67.00=-67.00 - 100 | s =
3 67.50 =
Z67.501 100 1= =
E| /1671667.50 =
68.00=68.00 - 100 | Very stiff to hard, light brown to yellowish, =
3 Elastic SILT with sand soil. =
69.003-69.00 - 100 7%%%—;
70.00=70.00 {- 100
3 70,50
7050 100 R 7060
71.00=-71.00 1 100 —
3 72,00
72.00=-72.00 - 100 — 89 ET7 /T

|

73007-73.001- 100 3 Very stiff to hard, dark brown, Elastic SILT soil.
3 7350 | 5]
=} 73.50¢ 100 - 8757157550

74,007 74.00 - 100 —

uli

75.00%—75.00 + 100 03155;0?
760037600 |- 100 -
3 76.50
3 3720730
77.00-5-77.00 - 100 — 77.00— V
78003 7800 100 - - «%f—w Weak, light grey, moderately weathered, z V
3 TR very closely to closely jointed, BASALT rock. = \/
7900379001 100 -7 - - from 77.00 - 79.00m (weathering product of = V
3 basalt). = V
80003 o000l 70| 0| 45 End-of Borehole P
Consultant: Drilling Method: Rotary Core Drilling
Subcontractor: Type of Rig: XY-200 (China Made)
Supervisor: Bit Type: Tungsten Carbide & Dimond
Logged By: Bit diameter(mm): 108 & 89
Approved By:
BH=Borehole .
N=Blows,/300mm #y Disturbed sample
SPT=Standard Penetration Test
USCS=Unified Soil Classification System |:| Undisturbed sample REMARK:
RQD=Rock quality designation
TCR=Total core recovery I Rock sample

AFS=Averge fracture spacing

E. Static groundwater level

Figure C- 8: Lideta-2 borehole logs
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Appendix D

Correction to field SPT-N values

Table D-1: Corrections to Field SPT-N Values (Martin, et al., 1999)

Factor Equipment Variable Term Correction
Overburden Pressure Cn
(Pa/ 0" v0)05
04<Cn< 2
Energy Ratio Safety Hammer Ck 0.60to 1.17
Donut Hammer 0.45 10 1.00
Automatic Trip 09to1.6
Hammer
Borehole Diameter | 65 mm to 115 mm Cs 1.0
150 mm 1.05
200 mm 1.15
Rod Length** 3mto4m Cr 0.75
4mto6m 0.85
6mtol0m 0.95
10mto30m 1.0
>30m < 1.0
Sampling Method | Standard Sampler Cs 1.0
Sampler without 1.2

liners
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Appendix E

Site Categories

a. ES EN 1998:2015 site categories
Table E-1: ES EN 1998:2015 site categories

Ground Description of stratigraphic Vs, 30 SPT-N
type profile (m/s) (blows/30cm)

Cu
(kPa)

Rock or other rock-like
geological formation, including at
most 5 m of weaker material at
the surface.

A > 800 —

Deposits of very dense sand,
gravel, or very stiff clay, at least
B several tens of meters in

thickness, characterized by a
gradual increase of mechanical
properties with depth.

360 — 800 >50

> 250

Deep deposits of dense or
medium-dense sand, gravel or
C stiff clay with thickness from 180 — 360 15-50
several tens to many hundreds of

meters.

70 - 250

Deposits of loose-to-medium
cohesiveness soil (with or without
D some soft cohesive layers), or <180 <15
predominantly soft-to-firm

cohesive soil.

<70

A soil profile consisting of a
surface alluvium layer with Vs
E values of type C or D and

thickness varying between about
5 m and 20 m, underlain by stiffer

material with Vs > 800 m/s.

Deposits consisting, or containing
a layer at least 10 m thick, of soft <100
S1 clays/silts with a high plasticity (indicative) —
index (PI > 40) and high water

content.

10- 20

Deposits of liquefiable soils, of

52 sensitive clays, or any other soil

profile not included in types A - E
or S1.
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b. NEHRP provisions

Table E-2: Summary of site categories in NEHRP provisions

Shear Wave
Site Class b ot Velocity Standard Pen. | Undrained
or escription Vs Resistance Shear
Soil Profile Top 30m N or Neo Strength
Type (m/sec) (blows/ft) Su (kPa)
S-A/A Hard Rock > 1500
S-A/B Rock 760 - 1500
S-A/Cand | Very dense soil
S-B/D /soft rock 360 - 760 >50 > 100
S-B/D Stiff soil 180 - 360 15-50 50 - 100
S-E Soft soil <180 <15 <50
Special soils
requiring site-
specific
S-C/F evaluation --- - ---
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