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ABSTRACT

Highly erodible lands which contain dispersive soils are one of the main geotechnical hazards
for highway construction. Dispersive soil is one of the problematic soils which erodes or
dislodges easily in the presence of flowing water due to the presence of a high percentage of
exchangeable sodium ions in the soil particles. This study aspires to investigate erosion
related hazards and treatments of highly erodible lands considered as geotechnical hazards in
highway construction by taking Adama — Km 60 expressway project in case study. To achieve
the objective of the study both field investigation and laboratory experiment approaches were
utilized. Field investigation revealed that the project under study is suffering from serious
erosion related problems. For this study totally 75 crumb tests were conducted together with
engineering property tests for eight dispersive soil samples along with pumice and gypsum
soil blend samples. All eight soil samples showed dispersive property with dispersive grade-4.
One soil sample collected from cut section of the expressway proven to be dispersive and
highly sodic soil by double hydrometer and chemical test with a value of 80% and 24.41 ESP
respectively. The suitability of gypsum and pumice as a treatment options was checked by
using crumb test. According to crumb test results specimen treated by gypsum and pumice
with different proportions showed dispersive nature and it is proven that gypsum and pumice
are out of the treatment options. According to crumb test and engineering property test results
there is no relation between soil dispersiveness and engineering properties like atterberg limits
and CBR value. From field investigation, scoria material blended with 30% of dispersive soil
found to be suitable for soft shoulder and median earth ditch erosion protection. Crusher
waste material also proved to be suitable by artificial rain simulation experiment when
blended with 50% of dispersive soil. For high fill embankment and cut slops protection, stone
pitching construction was suggested based on literature review and previous experiences. Rip
rap armor was suggested for natural stream bed and low fill embankment slope protection and
gabion walls found to be efficient to protect the sides of the gullies from erosion and scouring

at the water crossing structures approaches.

Key Words: Erodible lands, Soil Erosion, Dispersive Soils, Treatments of Erodible

Lands, crumb test
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CHAPTER ONE

INTRODUCTION

1.1. Background of the study

Problematic soils can cause serious engineering problems, damage and failure on roads and
other civil infrastructures when used as construction material, foundation to civil structures
and found in the areas of construction activities like a road construction (ERA, 2013).
Problematic soil group include but not limited to expansive clays, collapsible soils, dispersive
soils and compressible soils. These soils will cause serious geotechnical hazards especially
when they contact with water; by eroding, expanding and collapsing. In most of the cases
such changes associated with the altering of soil properties (ERA, 2013). Therefore, special
attention should have to be given in identification and treatments of these problematic soils
during investigation, design and construction phase of civil infrastructures like a road, dams,

irrigation channels etc.

In relation to this dispersive soils are one of the main types of problematic soils and the
existence of these clays not known until in the early 1960°s (Sherard, 1976). According to
Sherard, 1976 the existence of these soils first identified by agronomists on agricultural fields.
However in the field of geotechnical engineering, dispersive soils identified in early 1970s.
Even though the existence of highly erodible dispersive soils known lately relative to the
damage caused by these soils in civil infrastructures, the belated widespread recognition that
certain clays exist in nature in their dispersive state is an important and fundamental
contribution to geotechnical engineering (Sherard, 1976). These dispersive clays which
cannot be differentiated from ordinary erosion resistant clays by the routine civil engineering
tests erode rapidly in slow moving or even quiet water by individual colloidal clay particles

going in to suspension (Sherard et al, 1977).
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After knowing dispersive fine grained clay soils are creating serious engineering problems on
earth works and earthen structures like earth dam embankments, a symposium on dispersive
soils and treatments presented at seventy ninth annual meeting of ASTM at Chicago, 27 June
— 2 July 1976 (ASTM, 1976). During the meeting many researchers presented their findings
on identification, treatment and management of dispersive soils and this event can be
mentioned as a milestone in recognition of dispersive soils in the field of geotechnical
engineering (ASTM, 1976).

When dispersive clay comes in contact with water, the clay fraction behaves more like a
single-grained particle with a minimum electrochemical attraction and there by does not
adhere or bond with the other soil particles (Decker & Dunnigan, 1977). According to Decker
& Dunnigan, 1977 the inter particle force of repulsion (Electrical surface forces) exceed those
of attraction (Van der Waals attraction) and as such when the water flows, the detached clay
particles are carried away and piping occurs. Dispersivenes of these clay soils is mainly a

function of the concentration of sodium ion with in the soil particle (Zhang, 2015).

Dispersive soils can cause serious engineering problems to earthen structures like earth dams,
road and railway embankments, and irrigation canals which can be the main reason of failure
for civil infrastructures (Vakili et al, 2024). Failure modes of dispersive clays include surface
and sub-surface erosion, erosion through internal cracks leading to piping, tunnel erosion and
jugging (Ozturk & Turkoz, 2022).

Researchers studied about identification and treatments of dispersive soils by focusing on
stabilizing these problematic soils with different types of stabilizers. For instance Hassan et al,
2013 found that dispersive soils can be identified by using field investigation and laboratory
experiment approaches while Sherard, 1976 indicated that dispersive soils can be identified by
using pinhole test in laboratory. On the other hand Gao et al, 2023 studied about
modifications of different types of dispersive soils using EICP through comparative analysis
with traditional modification materials similarly, Moravij et al, 2018 revealed dispersive soils

can be stabilized by means of biological precipitation. However their study was limited to
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the application of dispersive soils in earth dam and embankment construction. Although for
Ethiopian context Yohannes, 2016 conducted a study on investigation and treatments of
dispersive soils, and found that lime treated dispersive soils can be used as embankment

material in railway construction.

Until now the writer of this thesis found no relevant study conducted in Ethiopian context on
geotechnical hazards of highly erodible dispersive soils on a highway construction except
(Yohannes, 2016) study for railway embankment construction. In addition to this, erosion
protection method statement submitted by the contractor indicated that there is a limitation on
how to treat eroded and defective fill and cut slopes and unpaved roadway surfaces that are
suffering from surface and sub-surface erosions (JMC-LRBCL JV, 2024). Therefore, it is
important to study how to identify these highly erodible lands on the field scale and how to
manage them in order to protect earthen structures built from these problematic soils during
road construction. Besides, considering the above mentioned issues it is vital to study erosion
related hazards of erodible lands and possible ways of treatment and management techniques
on a highway construction. Especially the need of such study more pronounced when serious

erosion related problems identified at field scale.

Therefore this study tries to investigate the Adama — Km 60 Expressway road project soil

erodability causes and their appropriate remedial.

1.2. Statement of the Problem

Highly erodible lands which contain dispersive type of soils will create serious geotechnical
hazards in civil infrastructures, if they are not identified during investigation, design and
construction phase (Lakshmy & Emy, 2020). Due to their high erodible nature these types of
soils will erode easily even in stagnant water which can cause the failure of earthen structures
like earth dams, embankments of road and railway sections, exposed cut slope faces, and any

unprotected earthen structure constructed with these soils (Hassen et al., 2023).

The project under study (Adama —Km 60 Expressway Road Project) traverses through highly

erodible lands which contain erodible soils. The predominant soil type on the study area is
ASTU M. Sc. Geotechnical Engineering
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highly erodible in nature and it is the only locally available borrow material almost in all
borrow areas. Since there is no other choice of better material to utilize on site works these
erodible soils that have been utilizing for embankment, capping layer, unpaved soft shoulder
and median earth ditch construction are suffering from serious erosion related problems (see
figure 1.2). On the other hand exposed excavation faces like cut slops are facing dangers of
erosion which can lead to the collapse of cut slopes (see figure 1.3). Besides, deep and wide
gullies are already formed on natural stream lines along the expressway alignment and the
span of these gullies are increasing time to time because of high erodible nature of the lands
and scouring effects of the storm water. During identification of the problem at study area,
failure of the bridge abutment on old railway lien observed at Km 34+240 of the expressway
alignment due to high erodible nature of the gullies (see Figure 1.1). The same erosion related
hazards are imminent on the water crossing structures of the expressway if proper

investigation and treatment methods are not implemented.

Furthermore the erodible soils located at study area, which are obtained from potential,
borrow areas of the project termed as suitable, because they fulfill ERA, 2014 specification
requirements for embankment fill and capping layer construction works. However, the
properties of dispersive soils not easily determined by using ordinary soil index property tests.
Hence the existence of dispersive soils only can be known through detailed investigation of
their properties on field scale and by conducting additional laboratory tests like crumb, double

hydrometer and chemical tests.

FIGURE 1.1: FAILED ABUTMENT OF THE OLD ETHIO — DJIBOUTI RAILWAY BRIDGE DUE
TO SOIL EROSION
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FIGURE 1.2: SOIL EROSION ON CONSTRUCTED CAPPING LAYER AND SOFT SHOULDER

OF THE EXPRESSWAY

S
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FIGURE 1.3: ERODED CUT SLOPE FACES AT ADAMA - KM 60 EXPRESSWAY PROJECT
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1.3. Objective of the research

1.3.1. General Objective
The main objective of this study is to investigate erosion related problems considered as

geotechnical hazards for highway construction and to give possible ways of treatment and

management techniques.

1.3.2. Specific Objectives

& To investigate the properties of highly erodible soils at Adama — Km 60 expressway in
field and laboratory scale

&% To investigate the relation between atterberg limits of a soil and degree of
dispersiveness

& To investigate the relation between CBR of a soil and degree of dispersiveness.

& To suggest possible remedial actions for erosion related problems at Adama — Km 60

Expressway road project

1.4. Significance of the study

This study was aspired to investigate possible ways for treatments of highly erodible lands
considered as geotechnical hazards on a highway construction by taking a case study of
Adama-Km 60 Expressway project which is currently under construction. This study will
have significance for the project under study and similar projects which are exposed for
erosion related problems since it gives insight on practical dangers and applicable treatment

techniques of erodible soils during a road construction.

On the other hand this study will give an alert for future road construction projects in erodible
soil zones by indicating real erosion induced hazards on highway construction. Furthermore
the proposed study will address the research gap on erodible lands and highway construction
at Ethiopian context and will serve as a foundation for future researches on soil erosion,

dispersive soils and road construction.
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1.5. Scope and Limitation of the Study

The research was bounded on investigation and treatments of soil erosion related problems on
Adama — Km 60 expressway road project and it was limited to the project area. The study was
focused on the first 40 km of the expressway for the reason that the remaining 20 km of the

project alignment was not accessible due to security issue.

The scope of this research was limited to erosion related hazards of erodible lands in road
construction and it doesn’t address erosion related dangers on other civil infrastructures.

Agriculture related land and soil erosions also out of the scope the study.

On this study suggestion of erosion protection structures was made by based on literature
review and previous experience and design of these protection structures for particular

application was out of the scope of the study.

The study only focused on erosion related hazards for embankment and cut slops constructed
with dispersive soils and it didn’t involve the impacts of dispersive soil on slope stability.
Slope stability analysis for embankment and cut slops constructed with dispersive soil was out

of the scope this study.

During the study the suitability of dispersive soil treatment options like gypsum and pumice
was only checked in the laboratory via crumb tests. Suitability of these materials not checked
on the field scale due to budget constraints and shortage of time since it requires bulk
applications of materials with at least one rainy season to determine their suitability on field

scale.
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CHAPTER TWO

LITERATURE REVIEW

2.1. Introduction

As a worldwide natural substance, soil demonstrates different physical and chemical
properties from place to place, even from point to point (USDA, 1992). Despite variations,
soil also reveals many geotechnical engineering problems, i.e., inadequate bearing capacity,
less cohesion among particles, erosion, differential settlements, slope instability, and so on
(ERA, 2013). All these geotechnical problems are raised due to various problematic soils and
the most known problematic sols are dispersive soils, expansive soils, collapsible soils,

compressible soils and organic soils (ERA, 2013).

Dispersive soils are one of the problematic soils such as swelling and collapsible soils and
they are common in many countries of the world (Zhang, 2015). Due to dispersive soils,
significant problems arise in road embankments and earth dams; therefore, the use of these
soils needs special consideration and treatment (Ozturk & Turkoz, 2022). Soils that are highly
susceptible to erosion and containing high percentage of exchangeable sodium ions are known
as dispersive soil (Dokovic et al, 2023). Dispersivity of soil is the process in which aggregate
in the soil particles break down into their component particles when the soil is at wet
condition (Goodarzi & Salimi, 2015). At this condition the soil particles will be detached
from a soil matrix and carried away by rain water. The erodability of soil depends on the inter
particle attraction and unit mass of the particles (Zhang, 2015). When dispersive soil wets, the
structure of the soil collapses and are filled by dispersive clay particles. Sodic topsoil is
proved to surface sealing when they dry, this reduces infiltration and aeration leading to poor
crop emergence, root penetration and water logging or perched water table, which creates
difficulties to treat erodible embankment and cut slope faces constructed with these soils by

vegetation cover (Lakshmy & Emy, 2020).
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2.2. Properties of Dispersive Soils

Dispersive soils are widely spared all over the world, and it will exist in different forms like
clays, silts, and sands (Bell & Maud, 2015). Due to the presence of more exchangeable (Na+)
sodium ions in their soil chemistry, dispersive soils are more susceptible to erosion when it
came to contact with water (Joga & Varaprasad, 2020). The presence of these types of soils in
construction has been leading to many failures in different parts of the world by affecting
earthen dams, embankments, channel slopes, channel beds, irrigation channels, rail and road
embankments, and other geotechnical structures (Sanaz & Masoud, 2014). Under saturated
conditions, the presence of the attractive force in this soil is very less compare to repulsive
forces, so that the soil particles will easily detach from each other and start floating under

suspension (Goodarzi & Salimi, 2015).

Because of the high content of sodium in their pore water dispersive soils deflocculate in the
presence of rain water to form colloidal suspensions and are therefore highly gullible to
erosion and piping (Bell & Maud, 2015). Such soils hold high amount of sodium in their pore
water than other soils. However, there are no significant differences in the amounts of clay
contents of dispersive and non-dispersive soils. Dispersive soils are characterized by an
unstable structure (disperse and crumb rapidly) without significant mechanical assistance in
water of low salt concentration (Hassan et al, 2013). Hassan et al, 2013 indicated that, such
soils are highly erodible in nature and tend to erode under low flow rate. Using dispersive
soils in different structures like dams, embankment and roadway may cause Sserious
engineering problems which are worldwide, and several structure failures have occurred and

reported in many countries (Hassan et al, 2013).

Dispersive clays have a preponderance of sodium cations, whereas ordinary clays have a
preponderance of calcium, potassium, and magnesium cations in the pore water (Lakshmy &
Emy, 2020). Lakshmy & Emy, 2020 indicated that when a dispersive soil is vulnerable to rain
water, clay fractions disperse and remain as suspended particles in the water. A dispersive
context means; first, infiltration rates may be radically changing in very short periods due to

swelling and deflocculation of clays; followed by shallow subsurface erosion; third, large
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gullies with substantial up-channel head cuts, including so-called bank gullies, may have
formed because subsurface pipes have collapsed; and finally, that network connectivity and
evolution may be principally internal, being effected by subsurface pipe capture network
integration (Hazel, 2013).

2.3. Origin of Dispersive Soils

Dispersive soils can originate from a number of sources, including: weathering of shale or
mudstone, from alluvium and deposition of wind-blown salts can create dispersive soils
(Heinzen & Arulanandan, 1977). Dispersive soil can be found anywhere in the arid, semi-arid
region of the world (Heinzen & Arulanandan, 1977). In dry climates, the vaporization of
water induces high sodium content in the top layer; especially in the case of low permeability
in the underlying layers (Zhang, 2015). Weathering of sedimentary rocks by different
weathering agents can also transfers sodium ions from the rock components to the soil which

contributes to the origin of dispersive soils (Zhang, 2015).

Dispersive soils are common in older landscapes where leaching and illuviation processes
have had more time to work (Nadal-Romero et al, 2009). During leaching process percolation
of sodium contained water creates sodic soils in the lower layers and illuviation accumulates
dissolved sodic soils in one area which creates deposition of dispersive soils. For formation of
dispersive soils a source of sodium also required since sodium ion in soil pore water is the
main reason for soil dispersion. Possible sources can include weathering from soil parent
material or wind-blown salt deposition (Zhang, 2015). The dispersive portion of a soil profile
is generally confined to subsoil, where soil forming processes concentrate clay minerals and
sodium; this means that dispersive soils may not be identified until they are disturbed in a way

that exposes the subsoil to running water (Nadal-Romero et al, 2009).

In Ethiopia dispersive soil exist in the rift valley, in southern and eastern low lands, Afar,
Somali and Tigray regions (ERA, 2013). These soils also have isolated occurrences in other
parts of the country. Dispersive soils tend to develop in low laying areas with gently rolling
topography and relative flat slope. Their environment of formation is also characterized by an

annual rainfall of less than 850mm (ERA, 2013).
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2.4. ldentification of Dispersive Soils

According to findings of the geotechnical engineering researchers by Sherard & Decker, 1977
field identification of highly erodible dispersive clays needs detail investigation and observing
the behavior of the soils in the field. These behaviors include; the occurrence of deep erosion
gullies on natural stream lines, worm channels and piping failure in constructed embankment
indicates presence of dispersive soils (Sherard & Decker, 1977). Erosion of road cut slops
along with ditches and gully lines and weathered rock joints with cloudy water or high
turbidity in ponds after rain is linked to the effects of highly erodible dispersive soils (Sanaz
& Masoud, 2014).

Dispersive soils can also be identified in laboratory by using standard ASTM test methods.
The laboratory tests which can be used for identification of dispersive soils include:
1. ASTM D - 6572 standard test method for determining dispersive characteristics of
clay soils by crumb test
2. ASTM D - 4647 standard test method for identification and classification of dispersive
clay soils by pinhole test
3. ASTM D - 4221 standard test method for dispersive characteristics of clay soil by
double hydrometer
4. ASTM D - 4542 standard test method for pore water extraction and determination of

soluble salt content of soils by Refractometer

2.5. Treatments of Dispersive soils

Starting from the existence of dispersive soils known in the field of geotechnical engineering
many researchers studied about the treatments of these problematic soils. For instance
Dokovic et al, 2023 showed the possibility of improving dispersive soil by adding 10-50% fly
ash. They used Pinhole test to show a decrease in dispersivity of natural dispersive soil.
Hoque, 2022 agree with fly ash can improve the dispersive nature of the soil. However, unlike
to Dokovic et al, 2023 Hoque, 2022 found out that dispersive nature of the soil changed to
non-dispersive after curing it for 28 days with 9% fly ash dosage, the researcher used crumb
test, pinhole test, double hydrometer and chemical tests on both untreated and fly ash treated

soil samples to determine degree of dispersiveness. .
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In relation to this, Gao et al, 2023 also used the modification effect of lime, fly ash, CaCl2
and enzyme induced calcite precipitation (EICP) technology on variety of dispersive soils to
improve the soil properties. They revealed that EICP technology and lime have the best
modification effect and can effectively improve the mechanical properties of dispersive soil as
compared to lime. They also indicated the EICP technology has higher efficiency in
modifying dispersive soil and is more environmentally friendly too. While, Hassan et al, 2023
revealed that potassium-rich ash (KRA) significantly reduced the dispersion and erodability
nature of clay soils by exchanging Na with K, through curing the soil for 28 days and
applying 10% - 15% KRA. Moreover, Ren et al., 2023 indicated the application of acidic
desulfurization gypsum (DG) as a modifier of dispersive soils. They found out that 3% DG
significantly decrease soil dispersibility and enhance disintegration and erosion resistance.
Furthermore, Bisrat & Mittal, 2020 showed that lime stabilizer can decrease subgrade soil
dispersibility and tried to see the improvement by conducting index properties, unconfined

compression strength and California Bearing Ratio.

Ozturk & Turkoz, 2022 found out that the application of silica fume will cause a decrease in
soil dispersiveness and an increase in strength properties of dispersive soil by using crumb
and triaxial tests. On the other hand Vakili et al, 2020 found out a decrease in dispersivity rate
of soil sample with stabilization of environmentally friendly stabilizer named non-silica by
using vertical flow of ground water simulation system. This simulation system helped them to

assess erosion capacity of non-silica treated dispersive soils.

Another study conducted by Liu et al, 2022 proposed a new dispersive soil modifier called
hydroxyl aluminum, which is a positively charged aluminum hydroxide electrolyte, to
reduced dispersivity nature of the dispersive soil. The researchers studied the modification
effect and interaction mechanism of this material on dispersive soil through indoor dispersion
discrimination, physical and chemical tests. While Moravj et al., 2018 indicated that microbial
calcite precipitation is a promising technique for stabilizing dispersive soils by creating

further bonding between dispersive clay particles to reduce erodiability potential of dispersive
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soils. They used bacteria Bacillus sphaericus for a Pinhole test to conduct biological soil

stabilization.

In addition, to the treatments of dispersive soil by stabilizing them with different types of
stabilizers researchers also studied about erosion protection mechanisms by using different
types of erosion protection structures. These structures include but not limited to gabion walls,
rip armor, stone pitching, vegetation cover (turfing), compost blanket, etc. (Peerdawood &
Mawlood Y. 2010).

2.6. Research Gap

During literature review the following research gaps are identified:

& Most researchers conducted a study on soil erosion in dam constructions and only few
researchers showed the impacts of dispersive soils on road construction and their study
is limited to road embankments. There is no relevant study found on soil erosion on
full scale highway construction, including all parts of highways that are exposed to
erosion related failure.

& The study of many researchers is limited to stabilization of dispersive soils by using
different types of chemical stabilizers in laboratory scale. There is a research gap on
field treatments of highly erodible soils in highway construction

& In Ethiopian context, even the concepts of dispersive soils not studied well yet and
more researches are needed related to soil erosion, dispersive soils and their impact on

civil infrastructures.

ASTU M. Sc. Geotechnical Engineering

13



3.1. Introduction

CHAPTER THREE

MATERIALS AND METHODS

This chapter describes about background of the study area, materials and methods which are

used to conduct this study. To achieve the objective of this study detailed site investigation

and laboratory experiments were conducted. The research studies erosion related geotechnical

problems and their treatment on Adama — Km 60 expressway project and details are presented

below.
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3.2. Background of the study area

Adama — Awash Expressway Project; Lot 1: Adama—Welenchiti — km 60 Expressway (60
km) is located in central eastern part of the country within the bounds of Afar, Oromia and
Amhara regions. The mainline length of this section of the Expressway project is
approximately 60km and starts at the exit of Adama town (which is about 13 km from Adama
post office) and it passes through Welenchiti and terminates at Melka-Jilo town. JMC Projects
(India) Ltd. In JV with Longjian Road & Bridge Co. Ltd entered into the contract with the
Ethiopian Roads Administration (ERA) to undertake Adama to km60 Expressway section
under Design and Build project delivery system and LEA Associates South Asia PVT LTD in
sub-consultancy with United Consulting Engineers PLC are giving a consultancy and

supervision service.

3.2.1. Topography, climate and geological setting of the study area

To access the topography, climate and geological setting of the study area secondary data
from Adama - Km 60 Expressway road project geotechnical investigation report is used.
According to the geotechnical report, the project under study has the following topography,
climate and geological setting.

A. Topography

The project corridor topographical feature of the Adama — km60 Expressway is dominated by
flat to rolling terrain. From preliminary data, it was seen that the elevation gradually decreases
from Adama town (starting point of the project), with an elevation of 1527masl to km60 to an
elevation of 1077masl. The project alignment is generally located at area with altitude ranging
from 1528m up to 1077m above sea level. The topographic nature of the Adama — km60 road
project predominantly traverses through flat and rolling terrain. Flat terrain accounts for 52%
of the project alignment while rolling terrain covers the remaining 48% of the project stretch
(JMC-LRBCL JV, 2022). The summary of terrain classification along the Adama-Km 60
Expressway presented on table 3.1;
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TABLE 3.1: TERRAIN CLASSIFICATION (JMC-LRBCL JV, 2022)

From To Length, m Terrain

0+000 8+200 8,200 Rolling

8+200 21+900 13,700 Flat
21+900 33+300 11,100 Rolling
33+000 44+800 11,800 Flat
48+800 57+300 12,500 Rolling
57+300 61+552 4,252 Flat

B. Climate

The meteorological information about the project area was collected from the Meteorological

Agency of Ethiopia website. The temperature and rainfall data of the project area was taken

from thirty-five (1981-2016) years’ cumulative data for Adama station. The project area is

categorized under Kolla climatic zone with annual mean temperature of 21.1°C to 31°C
(JMC-LRBCL JV, 2022). According to ERA, 2013 Site Investigation Manual, the climatic

condition of the country is classified into five zones as shown in the table 3.2

TABLE 3.2: ETHIOPIAN CLIMATIC ZONES (ERA, 2013)

Climate Zone Elevation (m) Average Average Annual
Temperature Rainfall (mm)
(’c)
Wurch (cold) >3200 <10 <800
Dega (Cool-Cold) 2300-3200 10 - 16 1000 - 200
Weina Dega (warm-cool) 1500 — 2300 16 - 20 1200
Kolla (Hot-Warm) 500 — 1500 20 - 28 600 (100 in some places)
Berha (Hot) <500 28-34 <400
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C. Rainfall and Temperature of the Study Area
According to thirty-five years (1981-2016) rainfall and temperature data collected from
Meteorological Agency of Ethiopia at Nazret stations, the mean maximum rainfall between
the months of July and September is between 100mm to 220mm. The minimum rainfall is
recorded between the months of November to January, which varies from 5mm to 10mm. The
rainy season in the study area starts in June and can continue up to the end of September. The
project area has an annual rainfall of 828mm. The maximum temperature in the study area is
recorded between April to June, with peak mean monthly value occurring in the month of

May being 31°C; and the minimum temperature is 10.8°C, which is recorded in the month of

December. The study area has an average annual temperature of 21.1°C (JMC-LRBCL JV,

2022). Based on available meteorological data, the average monthly rainfall and average

maximum and minimum monthly temperature data in the study area Summarized on table 3.3.

TABLE 3.3: AVERAGE MONTHLY RAINFALL AND TEMPERATURE OF THE STUDY AREA
(IMC-LRBCL JV, 2022)

Month |Jan. | Feb | Mar | Apr | May | June | July | Aug. Sept. | Oct. | Nov. Dec.
Rainfall | 10 20 50 60 60 63 220 | 200 100 30 10 5
(mm)
T. Max 278 | 29 30.3 | 30 31 303 | 272 | 26.8 27.9 27.8 27.2 26.9
°C
T. Min 11.8 | 13 142 | 149 152 | 159 | 152 | 15 14.5 12.2 11.4 10.8
°C
T. Avg. 197 21 222 | 224 232 | 231 | 211 | 209 21.1 20 19.3 18.9
°C

D. Regional Geological Setting of the Study Area
According to the Geotechnical report (JMC-LRBCL JV, 2022) which is based on geological
and soil maps of Ethiopia (Mengesh, 1990) the study area is covered with the following two
dominant formations:
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I. Nazret Series, Nn
This formation is the oldest and dominant lithological unit in the route corridor. It is basically
composed of ignimbrites, un-welded tuffs and ash flows with some pumice intercalations,
rhyolitic flows and trachyte. Nevertheless, it is somehow related to potential instability as it
contains low density and impervious ash/pumice alternating with the fractured ignimbrites
that is competent. The soil developed in the formation also reported to have a tendency of
high erodiability and medium collapsibility (JMC-LRBCL JV, 2022).

11. Basaltic and Ash Flows (Qbb)
The Basaltic and Ash Flow is related with pumice, spattered cone and variable pyroclastic and
constitute the first 5km of the road alignment, and associated with ground fissuring when it

relates to the ash and pumice surface and subsurface erosion (JMC-LRBCL JV, 2022).

3.3. Materials

To execute this thesis; soil materials were collected from borrow areas, cut slops and natural
stream gullies of the expressway and used to assess engineering properties and extent of
dispersiveness or erodability. Additionally red ash (scoria), gypsum, pumice and crusher
waste (scalp) materials were utilized to examine their suitability as a treatment options for
highly erodible dispersive soils which are located throughout the study area. From all the
materials utilized for this study only gypsum was brought from the commercial market and all

other materials were found from the study area.

FIGURE 3.2: RED ASH (SCORIA) MATERIAL
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FIGURE 3.3: MATERIALS UTILIZED FOR THE STUDY
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3.3.1. Material Sampling

To collect soil samples non-random representative soil sampling technique was used
according to standard methods and specifications like ASTM and AASHTO. During the study
all soil samples were collected in disturbed state. Totally nine soil samples were collected
from study area; six soil samples from borrow material sources, two soil samples from cut
sections of the expressway and one soil sample from natural stream gully around major bridge
area. All nine samples were used to investigate engineering properties and soil dispersiveness.
In addition to nine soil samples red ash (scoria), pumice, crusher scalp material, and gypsum
materials were collected from borrow sources, crusher site and commercial market to check
their potential for erosion protection and dispersive soil treatment. The following table

presented the type of material sampled, sampling depth and sampling location of sampled

materials.
TABLE 3.4: SAMPLED MATERIALS FOR THE STUDY
Type of Material Sampling Location Sampled From Sampling
Depth(m)
Yellowish Brown clayey Soil 4+600 RHS Borrow Area 0.2-3
Yellowish Brown Clayey Soil 7+800 LHS Borrow Area 0.2-3
Dark Brown Clayey Soil 8+800 LHS Borrow Area 0.2-3
Brown clayey Soil 12+600 LHS Borrow Area 0.2-3
Yellowish Clayey Soil 19+400 Borrow Area 0.2-3
Yellowish Clayey Soil 25+260 Cut Section 115
Yellowish Clayey Soil 27+050 Cut Section 24
Dark Gray Clayey Soil 34+262 Bridge Area 9.6
Dark Gray Clayey Soil 34+950 RHS Borrow Area 0.2-3
Pumice Material 3+200 Structure 0.6-1.3
Excavation
Crusher Scalp Material 29+600 LHS Crusher Site Stock
Red Ash (Scoria) 29+500 RHS Borrow Source Production
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FIGURE 3.4: MATERIAL SAMPLING

3.4. Methods
To achieve the objective of the research both field investigation and laboratory experiments
were used. This research is a hybrid of field and experimental research since it was involved

both site investigation and laboratory experiment approaches.
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3.4.1. Site Investigation

During the study detailed site investigation was conducted on the study area. This research is
focused on erosion related hazards and their treatment methods in highway construction by
taking Adama-Km 60 Expressway road project as a study area. The site investigation was
aimed to identify the extent of erosion related damages on the study area, to examine the
properties of highly erodible dispersive soils on field scale and to explore possible ways of
treatment techniques based on actual field conditions. At the time of site investigation
additional site visits also done on nearby infrastructures to know if the same type of erosion

related problem happened and how the problem was approached.

3.4.2. Laboratory Tests

Laboratory tests were conducted to assess engineering properties and degree of dispersiveness
for soil samples based on applicable standard test methods and specifications like ASTM,
ASSHTO and ERA. Tests and experiments that are conducted during the study includes
natural moisture content, moisture and density relationship, Atterberg limits, CBR, particle
size analysis, Crumb test, Double Hydrometer and Chemical tests. On this study natural
moisture content, moisture and density relationship, Atterberg limits and CBR tests were
conducted for eleven samples; nine samples were dispersive soils and two samples for scoria
and scalp material soil blends. Crumb tests were conducted on nine soil samples together with
gypsum and pumice soil blends with different proportions. To crosscheck crumb test results
with other dispersive soil identification tests double hydrometer and soil chemical tests were
conducted in external laboratories for one soil sample. Moreover to the above mentioned tests

a rain simulation experiment was conducted for one scalp material and soil blend sample.

A. Natural Moisture Content (AASHTO T-265)
This test was conducted to examine natural moisture content of a soil samples. Water content
is the ratio, expressed as a percentage of the mass of pore or free water in a given mass of soil
to the mass of dry soil ratio, expressed as a percentage, of the mass of “pore” or “free” water

in a given mass of soil to the mass of the dry soil solids (AASHTO, 2014).
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Water content can be extremely important index used for establishing the relationship
between the ways soil behaves and its properties. The consistency of finely-grained soil
depends on its water content. The water content also used in creating phase relationships of
air, water and solids in a given volume of soil. For this study natural moisture content test was

done for all soil samples.

FIGURE 3.5: NATURAL MOISTURE CONTENT DETERMINATION

B. Atterberg limits test (AASHTO T-89/90)
The Atterberg limits are an important measure of the critical water contents of a soil to find
out plastic, liquid and shrinkage limits. Depending on its water content the soil may appear in
four states; solid, semi-solid, plastic and liquid. The Atterberg limit tests were conducted in
accordance with AASHTO T-89/90.

Liquid limit (LL) is the water content beyond which the soil acts as if it is in liquid state

Plastic limit (PL) is the minimum water content at which the soil can be deformed plastically

Plasticity index (P1) is the size of the range of water contents where the soil exhibits plastic
properties. It is numerical difference between liquid and plastic limits. During the study
atterberg limit tests were conducted on all soil samples to measure critical water contents of a
fine grained soil to find out plastic limits, liquid limits and plastic index which were used
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together with soil dispersivity tests to investigate the relation between soil dispersiveness and

atterberg limits.

FIGURE 3.6: ATTERBERG LIMITS TEST

C. Specific Gravity of soil (AASHTO T -100)
The knowledge of specific gravity is required to determine soil properties like void ratio and
degree of saturation (AASHTO, 2014). It is the ratio of the density of an object divided by
density of water. In this study specific gravity test was conducted on one soil sample and the

result was utilized in double hydrometer for calculating percent dispersion.

D. Moisture and Density Relationship (AASTHO T-180)
This method of test intended for determining the relationship between moisture content and
density of soils in a given mold of given size with 4.54 Kg, rammer. Mechanical compaction
is one of the most common and cost effective means of stabilizing soils. One of important task
of geotechnical and pavement engineers is the performance and analysis of field control tests

to assure that compacted fills are meeting the required design specification.

Design specifications usually state the required density as a percentage of maximum dry
density measured in standard laboratory test. In general, most engineering properties such as

strength, stiffness, resistance to shrinkage and imperviousness of the soil mixture, will
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improve by increasing soil density through compaction. For this study moisture and density

relations of were determined for all soil samples.

FIGURE 3.7: MOISTURE AND DENSITY RELATIONSHIPS

E. The California Bearing Ratio (AASHTO T-193)
This test method serve as the way of determining California Bearing Ratio (CBR) of pavement
subgrade, sub-base and base course materials from laboratory compacted specimens. The test
method intended for but not limited to, evaluating the strength of cohesive materials having
maximum particle sizes less than 19mm (AASHTO, 2014).

The CBR value obtained from this test forms an integral part of flexible pavement design. For
applications where the effect of compaction water content on CBR is small, such as cohesion
less, coarse-grained materials, or where an allowance is made for the effect of differing
compaction water contents in the design procedure, the CBR may be determined at the
optimum water content of a specified compaction effort (AASHTO, 2014). The dry unit mass
specified is normally the minimum percent compaction allowed by using the agency’s field
compaction specification. For applications where the effect of compaction water content on
CBR is unknown or where it is desired to account for its effect, the CBR is determined for a
range of water content, usually the range of water content permitted for field compaction by
using the agency’s field compaction specification (AASHTO, 2014). In this study CBR test

was conducted to determine strength and stiffness soil samples, besides CBR test results were
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used together with soil dispersivity tests to investigate the relation between soil dispersiveness

and strength.

FIGURE 3.9: CBR TEST

F. Particle Size Analysis of Soils (AASHTO T-88)
Particle size analysis is the determination of the size range of particles present in a soil
expressed as a percentage of the total dry weight. Sieve analysis and hydrometer analysis are
the methods generally used to find the particle size distribution of soil. Wet sieving is an ideal
sample preparation process for specimens with a high fraction of granular materials and
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enough fines content present to make sieving difficult. The fines can stick together in clumps,

preventing an accurate assessment by sieving (AASHTO, 2014).

During the study, particle size analysis was carried out to group soil particles into separate
ranges of sizes and to determine the relative proportion by weight of each size range. This test
was performed to determine the percentage of different grain sizes contained within a soil.

Particle distribution affects the mechanical properties of a soil and how they act under certain
conditions. Because of this reason particle distribution analysis is an important way to

determine the proportion of soil particle which will be utilized to classify the soil (AASHTO,

2014). For this study AASHTO soil classification system was used.

F3.10: PARTICLE SIZE ANALYSIS

G. Crumb Test (ASTM D 6572)

The crumb test provides a simple, quick method for field or laboratory identification of
dispersive soils. The internal erosion failures of a number of homogenous earth dams, erosion
along channel or canal banks, and rainfall erosion of earthen have been attributed to colloidal
erosion along cracks or other flow channels formed in masses of dispersive clay. structures
(This test has been developed as a simple procedure to identify dispersive soil behavior in the
field (ASTM, 2014). Nowadays, it is performed in the laboratory. The crumb test is a relatively
accurate positive indicator of the presence of dispersiveness in soil. However, it can seldom be
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relied upon as a sole test method for determining the presence of dispersive clays (ASTM,
2014). According to ASTM in most cases dispersive soils can show non dispersive behavior
when tested in crumb test however if the soil showed dispersive property in crumb test the soil
is most probably a dispersive soil. If the soil showed non dispersive nature in crumb test it is
necessary to conduct additional dispersive soil identification tests like double hydrometer and

chemical tests especially when the soils exhibit unusual erosion patterns on the field.

Crumb test consists selecting one or more natural, irregularly shaped, soil crumbs from the
sample (method A) or preparing a cubical specimen about 15 mm from a clay soil passed
through 2mm at optimum moisture content (method b) (ASTM, 2014). In this study both
method A and B test methods were used. Both natural and laboratory prepared specimens were
carefully placed in 250 ml of distilled and rain water and gently released only after placing it
directly on the bottom of the dish. The tendency of colloidal-sized particles to deflocculate and
go into the suspension was observed within two minutes, one and six hours of an elapsed
period. In this study totally 75 crumb tests were conducted for dispersive soils and gypsum and

pumice blend dispersive soil samples.

(a) Grade 1 (b) Grade 2

(¢) Grade 3 (d) Grade 4 (e) Grade 4

FIGURE 3.11: SOIL CRUMB SPECIMENS AND ASSIGNED DISPERSION GRADES (SOURCE:

ASTM, 2014)
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According to ASTM 6572 there are four grades to classify clay soils from the crumb test.
These classifications of dispersive grades mainly relied on visual inspection of clay particle

colloids suspended and dispersed in water during the test.

Grade 1 (Non-Dispersive): No reaction; the soil may crumble, slake, diffuse and spread out
but there is no turbid water created by colloids suspended in the water (ASTM, 2014).

Grade 2 (Intermediate): Slight reaction Grade 2 is the transition grade. Barely visible colloidal

suspension causes turbid water near portions of the soil crumb surface (ASTM, 2014).

Grade 3 (Dispersive): Moderate reaction; an easily feasible cloud of suspended clay colloids

is seen around the outside of the soil crumb surface (ASTM, 2014).

Grade 4 (Highly Dispersive): Strong reaction; a dense, profuse cloud of suspended clay
colloids is seen around the entire bottom of the dish (ASTM, 2014).

FIGURE 3.12: CRUMB TEST

H. Double Hydrometer Test (ASTM D 4221)
A double hydrometer will be performed to identify the dispersiveness of soil at laboratory.
When this test is performed in conjunction with crumb test on the same soil sample, this test
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method indicates the natural dispersivity of the soil sample. The test compares the measured
percentage of clay in a sample artificially dispersed to that of a companion sample with no
artificial dispersing agent added (ASTM, 2014). In this method, two hydrometer tests will be
performed: (1) standard hydrometer test (2) hydrometer test with no mechanical agitation and
chemical dispersing agent (ASTM, 2014). The degree of dispersion is given in table 3.5, and

the dispersion calculation is expressed in Equation 3.1.

Dispersion= % clay passing 0.005 sieve without dispersing agent %100  (Equation 3.1)

% clay passing 0.005 sieve with dispersing agent

TABLE 3.5: DEGREE OF DISPERSION FROM DOUBLE HYDROMETER TEST (ASTM,

2014)
Percent Dispersion Degree of Dispersion
<30% Non-Dispersive
30% - 50% Intermediate
>50% Dispersive

i
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FIGURE 3.13: DOUBLE HYDROMETER TEST
ASTU M. Sc. Geotechnical Engineering

30




I. Chemical Test (ASTM D - 4542)
Chemical test consists of the extraction of pore water from saturated soil. This test identifies
the Exchangeable Sodium Percentage (ESP) and Sodium Absorbent Ratio (SAR) in dispersive
Soil (ASTM, 2014). As previously discussed, the dispersivity of soil is caused by excessive
repulsive forces due to the presence of Sodium. Hence, the chemical test provides a molecular
view of dispersivity (ASTM, 2014).

TABLE 3.6: RELATION BETWEEN DEGREE OF DISPERSION AND ESP (DAF, FARM NOTE

386, 2009)
Rating Exchangeable Sodium Soil Dispersion in Crumb Test
Percentage (ESP)
Non-Sodic <6 No dispersion is evident after 24 hours.

Aggregates slaked but not dispersed clay

Slightly Sodic 6 to 10 Dispersion is evident after 24 hours. Soil
aggregates slightly disperse

Moderately Sodic 10to 15 Dispersion is evident after several hours.
Soil aggregates partially disperse.

Highly Sodic >15 Dispersion is evident in less than 30 minutes.
Soil aggregates highly disperse
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CHAPTER FOUR

RESULTS AND DISCUSSIONS

4.1. Introduction

This chapter presents site investigation findings, laboratory test result interpretation and
analysis. First findings from site investigation presented then laboratory test results collected
and data interpretation and analysis was made based on collected test results. This chapter
also contains detail discussions on erosion related hazards at Adama-Km 60 Expressway
Road project with their possible ways of treatment techniques based on findings of the study

and actual field conditions.

4.2. Site Investigation Findings

The project under study found in Great Rift Valley and traverses through highly erodible
lands. The majority soil types found in the project area are finely grained dispersive clay soils
and they are susceptible to erosion. These soils erode easily even in stagnant water due to
their dispersive nature. All borrow sources of the project except red ash & black ashes (scoria)
borrow sources, are occupied by these highly erodible soils. Since there is no better locally
available material to utilize for the works these erodible dispersive soils have been utilizing
for embankment fills, capping layers, soft shoulder and median earth ditch construction along
the expressway alignment. All expressway sections constructed with these dispersive soils are
suffering from serious erosion related problems. Below all the sections and parts of the
expressway that are suffering from erosion are presented based on site investigation findings.

4.2.1. Embankments

The project under study contains low to high fill embankment. According to cross section
drawings, excluding the pavement layers the expressway has a minimum of five layers (1m)
and the maximum of fifty-eight layers (11.6m) fill heights. The borrow materials that have
been utilizing on this project are highly erodible in nature as a result embankment slops

constructed with these soils are suffering from erosion related hazards, this problem is severe
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specially in high fill embankments sections. As a treatment method the contractor tried to
protect embankment slops by vegetation cover after applying side slope compaction but the
trial was not successful since the nature of dispersive soils will not support plant growth. So
the question of embankment slope protection is still unsolved.

FIGURE 4.1: PIPING EROSION ON THE EMBANKMENT OF THE EXPRESSWAY
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FIGURE 4.2: DIFFERENT TYPES OF EROSION PATTERNS ON EMBANKMENT SLOPS OF

ADAMA-KM60 EXPRESSWAY PROJECT
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4.2.2. Cut Slops
Most of the time highway construction involves earth fill and cut excavations. Out of 61 km

of the expressway alignment cut sections will take about 1.7 km of the total length. Currently
about 41.7% length of the cut section length soil excavation done and the highest depth of the
cut excavation reach up to 26m vertically below the ground. As mentioned earlier the
expressway traverse through erodible lands and excavations like cut sections will expose the
erodible soil faces to rain induced erosion. During site investigation it is observed that the cut
slops of the expressway are experiencing serious and unusual erosion patterns which can lead
to the collapse of cut slops and failure to the pavement structure. This erosion problem will be

deadly if proper treatment measures do not taken in timely manner.

FIGURE 4.3: ERODED CUT SLOP FACES AT ADAMA-KM60 EXPRESSWAY PROJECT
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4.2.3. Soft Shoulder and Median Earth Ditch
Other expressway parts that are suffering from erosion include soft shoulder and earthen

median ditch of the expressway. According to cross-section drawings, the expressway has two
lanes each 3.6m wide, hard shoulder paved with asphalt concrete 3m and 1.5m wide on outer
and inner side respectively and 0.75m wide outer soft shoulder with capping material quality
on both right and left sides. Additionally, the expressway has 9m wide median which contains
paved and earthen median ditch. Here, on the study area both the soft shoulder and median
earthen ditches that have been constructed by using highly erodible problematic soils except
for short stretch soft shoulder which was constructed with scoria and soil blend. During site
investigation it was observed that the dispersive soils utilized for the construction of soft
shoulder and median earth ditch are eroding easily and rapidly. To overcome the above-
mentioned erosion related geotechnical hazards it is mandatory to find better erosion resistant

materials for treatments.

FIGURE 4.4: EROSION PATTERNS ON THE SOFT SHOULDERS OF THE EXPRESSWAY
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FIGURE 4.5: EROSION PATTERNS ON MEDIAN EARTH DITCHES OF THE EXPRESSWAY
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4.2.4. Natural stream channels and water crossing structures

One way of identifying the existence of dispersive soils on field scale includes the formation
of wide and deep gullies (Sherard & Decker, 1977); if unusual deep and wide gullies of
natural stream channels observed on the field it can serve as a conformation to the existence
of highly erodible dispersive lands. Natural stream channels along the expressway alignment
are very wide and deep with increasing span and depth from time to time. These gullies were
formed due to the process of high and rapid soil erosion because of erodible nature of the
lands. During site investigation it was observed that the old Ethio-Djibouti railway line water
crossing bridge abutment located at km 34+262 of the expressway alignment collapsed due to
foundation soil erosion; this type of failure is imminent on the remaining water crossing
structures of the expressway if proper erosion protection mechanisms are not implemented

efficiently.

FIGURE 4.6: DEEP AND WIDE GULLIES FORMED BY EROSION ON THE STUDY AREA
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FIGURE 4.7: CLOGGED PIPE CULVERT DUE TO SOIL SEDIMENT AT ADAMA-KM 60

EXPRESSWAY PROJECT

4.3. Laboratory Test Result Analysis and Interpretation

In this part laboratory test results will be presented then analysis and interpretation of test
results will be done based on laboratory test results and experiments. For this study natural
moisture Content, particle size distribution, Atterberg limits, Compaction test, CBR, Crumb
test, Double Hydrometer and chemical test with Rain Simulation Experiment were executed.
In the next sub section the results from each experiment presented with their analysis and

discussion.

4.3.1. Natural Moisture Content and atterberg limits

As mentioned in methodology section natural moisture content and atterberg limits tests were
conducted for eleven soil samples. According to test results the lowest atterberg limit result
was recorded for red ash material which exhibits non plastic property and the highest value
(LL=50.7, PL=32.7 & P1=17.9) was recorded for borrow material located at 19+400 LHS. For
natural moisture content the lowest result (2.96) was obtained from crusher scalp material and
borrow material soil blend and the highest result (13.63) was again recorded from borrow
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material located at 19+400. Figure 4.8 and 4.9 presents atterberg limits and natural moisture

content results for collected soil samples.

Atterberg Limits Test Results
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FIGURE 4.9: NMC OF SOIL SAMPLES
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4.3.2. Maximum Dry Density and Optimum Moisture Content

For this study moisture and density relationships were determined for all collected soil
samples. The highest difference or improvement obtained for MDD was recorded for Crusher
scalp material blended with borrow material located at 7+800 RHS. Prior to blending the
MDD of borrow material 7+800 RHS was 1.263 g/cm? and after blended with crusher scalp
material which is full of gravel and stone fragments the MDD increased to 1.78 g/cm®. The
lowest MDD (1.226 g/cm®) was recorded for borrow material located at 8+800 LHS which
has clay soil with few pumices. This result indicates that finely grained borrow materials

which has relatively low MDD can improved by crusher waste material.

In addition to this, it was observed that the compaction test result for the red ash material has
relatively low MDD about 1.345 g/cm?® but after mixed with 30% borrow material located at
34+950 which has MDD about 1.519 g/cm®, the MDD of blended material became 1.458
g/cm®. This result means clay soil can improve the MDD of red ash material while serving as
a soil binder in red ash and clay material mixture; furthermore clay material can improve
water tight properties of red ash material by filling and sealing the voids in the red ash soil
matrix. When we see the OMC results, for most of clay soil samples OMC results were closer
to each other due to their common clayey soil nature. Here the lowest OMC result was
recorded for red ash material and the highest result was obtained from borrow material
19+400 LHS. The result show that red ash material require little amount of water to achieve
its MDD due to its non-plastic nature and clayey borrow materials relatively need much water
to achieve MDD because of their highly plastic nature. Test results obtained from compaction

test presented on figure 4.10 and 4.11.

ASTU M. Sc. Geotechnical Engineering

41



MDD of Soil Samples
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FIGURE 4.10: MDD OF SOIL SAMPLES

OMC of Soil Samples
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FIGURE 4.11: OMC OF SOIL SAMPLES

4.3.3. California Bearing Ratio (CBR) and CBR swell

CBR and CBR swell tests were done to determine the strength and degree of swelling for
collected cohesive soil samples. One of the specific objectives of this study is to investigate if
there is any relation between CBR of a soil and degree of dispersiveness by using CBR test

results and multiple crumb tests as mentioned in section 1.3.2., so all collected CBR test
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results serve as an input in the process of relation creation. During the test the highest CBR
value was recorded for borrow material 7+800 LHS and crusher waste material blend with a
proportion of 70% to 30% respectively. Prior to blending the CBR value of the borrow
material was 43 with 0.58 CBR swell value but after blending the CBR value was increased
by 29.06 % and swelling potential reduced by 70.69 %. CBR test result revealed that crusher
waste material can improve CBR of clayey soil samples while reducing their swelling

potential. CBR and CBR swell results are presented on figure 4.12 and 4.13.

CBR Test Results
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FIGURE 4.13: CBR SWELL TEST RESULTS
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4.3.4. Particle size analysis and Soil Classification

To know the distribution of different size particles in the soil sample mixture particle size
analysis was done via manual; dry and wet sieving. Together with atterberg limit test results,
particle size analysis was used to classify soil samples for engineering purpose according to
AASHTO soil classification system. Additionally, grading modules was calculated for eleven
soil samples. Table 12 shows that from the tested samples the highest grading modulus result
identified as 1.8 for crusher scalp material blended with 7+800 borrow soil and the minimum
value was recorded for a soil excavated from major bridge area at km 34+262 as 0.602. prior
to blending borrow material 7+800 was classified as A-6 which can be considered as poor
material for road construction according to AASHTO soil classification system but after
blended with 30% crusher waste material the classification changed to A-2 which can be
categorized under good materials for road construction purpose. This means that crusher
waste material can improve the grading modulus and quality of finely grained clayey soil

materials since it contained stone fragments and gravels.

TABLE 4.1: PARTICLE SIZE ANALYSIS AND SOIL CLASSIFICATION RESULTS

Sampling Sieve Size | % Retained | %0 CUM | % Passing | Grading AASHTO
Location Retained Modules Soil
Classification
44600 RHS | 2mm 13.91 13.91 86.09 1.23 A-6(2)
0.425mm | 34.94 48.85 51.15
0.075mm | 11.57 60.42 39.58
7+800 LHS 2mm 15.94 15.94 84.06 12 A-6
0.425mm | 31.84 47.81 52.19
0.075mm | 8.74 56.55 43.45
8+800 LHS 2mm 3.38 3.38 96.62 0.746 A-7-5 (7)
0.425mm | 26.59 29.97 70.03
0.075mm | 11.23 41.2 58.8
12+600 LHS 2mm 6.44 6.44 93.56 0.733 A-6 (7)
0.425mm | 19.73 26.17 73.83
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0.075mm | 14.51 40.68 59.32
19+400 LHS | 2mm 16.04 16.04 83.96 11 A-7-5 (5)
0.425mm | 23.42 39.46 60.53
0.075mm | 15.41 54.81 4513
26+950 CL 2mm 10.73 10.73 89.27 12 A-2-6
0.425mm | 35.31 46.05 53.95
0.075mm | 21.75 67.8 322
34+262 CL 2mm 1.37 1.37 98.63 0.221 A-6
0.425mm | 5.69 7.06 92.94
0.075mm | 6.64 13.70 86.3
29+500 RHS | 2mm 25.86 25.56 74.14 1.341 A-2-4
0.425mm | 22.49 48.05 51.64
0.075mm | 20.59 68.64 31.06
34+950 RHS | 2mm 6.02 6.02 93.98 0.602 A6 (6)
0.425mm | 12.39 18.41 81.59
0.075mm | 17.4 35.81 64.19
29+500 & | 2mm 50.06 50.06 49.94 1.26 A-2-6
34+950 0.425mm | 13.83 63.89 36.11
0.075mm | 8.46 72.35 27.65
29+600 & | 2mm 38.75 38.75 61.25 18 A-2-6
7+800 0.425mm | 27.70 66.45 33.55
0.075mm | 8.67 75.12 24.88

4.3.5. Crumb Test Results
Crumb test was used as soil dispersiveness identification test for this study. The test is easy

and inexpensive to perform, therefore, a total of 75 crumb tests were conducted for this
research. according to ASTM D 6572 for each borrow soil samples three crumb tests were
conducted by using method A additionally three crumb test performed using method B
(ASTM, 2014). Moreover, by blending gypsum and pumice with borrow soil with different

proportions crumb tests were conducted by preparing remolded samples (method B). For

ASTU M. Sc. Geotechnical Engineering

45




borrow soil samples all crumb tests results showed that the borrow soils are highly dispersive

with dispersive grade four.

The suitability of gypsum and pumice as a treatment option was checked by using crumb test.
Gypsum crumb tests were conducted by blending gypsum with a dispersive soil by 3%, 5%,
8% and 10% proportions and 10% gypsum found to be optimum to treat dispersive soil when
the remolded specimen tested immediately after 5 minutes of preparing the specimen. This
result agrees with the finding of Yohanes, 2016 and Bisrat & Mittal, 2020 that stated lime
stabilizer can decrease subgrade soil dispersibility. However, in this research the same
specimen with optimum gypsum content as above showed dispersive property when tested
after 24 hours of sun and air drying. Therefore, this situation reveals that gypsum can’t be a
treatment option because gypsum treated dispersive soil can’t resist the real wetting and

drying cycles of the actual field condition.

Furthermore, in this study pumice also checked for its potential as a treatment option in
stabilizing dispersive nature of the soil since it is found as is abundant material in the study
area. Crumb tests were conducted for different proportions of pumice and dispersive soil
blends, the blending was started with 10% pumice by weight then followed by mixing 20, 30
and 50%. For each proportion three crumb tests were conducted on remolded specimens. Up
to 50% pumice proportion the specimens showed dispersive property with the crumb test and
adding more pumice will cause in reduction to density due to light weight nature of pumice
material and this can lead to soil collapsibility, so pumice is also out of the treatment options

for highly erodible dispersive soils. Crumb test results are presented from table 4.2 to 4.4.

TABLE 4.2: CRUMB TEST RESULTS FOR GYPSUM BLEND DISPERSIVE SOILS

Gypsum Specimen drying Crumb test result (method B) Classification
Proportion (%) | time before test

Trial-1 Trial-1 Trial-1
3 5 minutes Grade-3 Grade-3 Grade-3 Dispersive
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5 5 minutes Grade-2 Grade-2 Grade-2 Intermediate
8 5 minutes Grade-2 Grade-2 Grade-2 Intermediate
10 5 minutes Grade-1 Grade-1 Grade-1 Non-
Dispersive
10 24 hours Grade-4 Grade-4 Grade-4 Highly
Dispersive
TABLE 4.3: CRUMB TEST RESULTS FOR PUMICE BLEND DISPERSIVE SOILS
Pumice Specimen drying Crumb test result (method B) Classification
Proportion (%) | time before test
Trial-1 Trial-1 Trial-1
10 5 minutes Grade-4 Grade-4 Grade-4 Highly
Dispersive
20 5 minutes Grade-4 Grade-4 Grade-4 Highly
Dispersive
40 5 minutes Grade-3 Grade-3 Grade-3 Dispersive
50 5 minutes Grade-3 Grade-3 Grade-3 Dispersive
50 24 hours Grade-4 Grade-4 Grade-4 Highly
Dispersive
TABLE 4.4: CRUMB TEST RESULTS FOR DISPERSIVE SOIL SAMPLES
Sampling Crumb Test Results (Method A) | Crumb Test Results (Method B) | Classification
Location Trial-1 | Trial-2 Trial-3 Trial-1 | Trial-2 Trial-3
4+600 RHS Grade-4 | Grade-4 | Grade-4 Grade-4 | Grade-4 Grade-4 Highly
Dispersive
7+800 LHS Grade-4 | Grade-4 | Grade-4 Grade-4 | Grade-4 Grade-4 Highly
Dispersive
8+800 LHS Grade-4 | Grade-4 | Grade-4 Grade-4 | Grade-4 Grade-4 Highly
Dispersive
12+600 LHS | Grade-4 | Grade-4 | Grade-4 Grade-4 | Grade-4 Grade-4 Highly
Dispersive
19+400 LHS | Grade-4 | Grade-4 | Grade-4 Grade-4 | Grade-4 Grade-4 Highly
Dispersive
34+950 RHS | Grade-4 | Grade-4 | Grade-4 Grade-4 | Grade-4 Grade-4 Highly
Dispersive
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26+950 CL | Grade-4 | Grade-4 | Grade-4 Grade-4 | Grade-4 | Grade-4 Highly
Dispersive
34+262 CL | Grade-4 | Grade-4 | Grade-4 Grade-4 | Grade-4 | Grade-4 Highly
Dispersive

4.3.6. Chemical test result

To crosscheck the dispersiveness of the soil sample from crumb test results chemical test was

conducted on one soil sample. Complete silicate analysis was done to determine percentage of

minor and major oxides in the soil sample. To determine major and minor oxides Li BO;

fusion, HF attack, gravimetric, colorimetric and AAS analytical methods were used. In

addition to this to change oxide forms to elemental form conversion factors were used. These

conversion factors obtained by dividing molecular mass of elements to molecular mass of

oxides. Figure 4.14 and table 4.5-4.6 present test results and converted element form from

complicate silicate analysis for the soil sample collected from cut section at km 26+950.

According to chemical test result the soil sample was highly Sodic with Exchangeable

Sodium Percentage (ESP) value of 24.41 %. This implies that the soil is highly dispersive and

easily erodible even in stagnant water due to high ESP.

Major and Minor Oxides in the Soil Smple
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FIGURE 4.14: CHEMICAL TEST RESULTS
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TABLE 4.5: CONVERSION FACTORS AND CONVERTED RESULTS (SOURCE:
NORTH COUNTRY ORGANICS)

To Convert
From To Multiply By | Oxide form results Converted Results
Cao Ca 0.71469 2.76 1.973
MgO Mg 0.60317 0.60 0.362
Na,O Na 0.7419 2.10 1.558
K,0 K 0.83013 3.00 2.490

The estimation procedure of ESP is presented the following Eqgn.
ESP= Na (Equation 4.1)

TDS x100

Where ESP= Exchangeable Sodium Percentage
TDS= Total Dissolved Solids

Where, TDS=Ca + Mg + K + Na

TDS=1.973+0.362+2.49+1.558
TDS= 6.383
ESP=1.558/6.383*100
ESP=24.41

TABLE 4.6: RELATION BETWEEN DEGREE OF DISPERSION AND ESP (DAF, FARM NOTE
386, 2009)

Rating Exchangeable Sodium | Soil Dispersion in Crumb Test
Percentage (ESP)
Non-Sodic <6 No dispersion will occur after 24 hrs.
Aggregate can be slaked but not dispersed
Slightly Sodic 6to 10 Dispersion will happen after 24 hrs. Soil
aggregate slightly disperse.
Moderately Sodic 10to 15 Dispersion will occur within hrs. Soil
aggregate partially disperse
Highly Sodic >15 Dispersion will occur within 30 minutes.
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4.3.7. Double Hydrometer Analysis

Double hydrometer test was conducted to check the dispersibility of soil sample. This test was
done on the soil sample collected from cut section at 29+950. This soil sample was identified
as dispersive soil by field identification and crump test and additionally its dispersive
properties proven by chemical and double hydrometer test. Double hydrometer test results
revealed that the soil sample was dispersive soil with a value of 80%.

Dispersion= % clay passing 0.005 sieve without dispersing agent %100 (Equation 4.2)

% clay passing 0.005 sieve with dispersing agent
Dispersion=26.4 %100
33.0

Dispersion= 80% (Dispersive Soil)

4.3.8. Rain Simulation Experiment Findings

A rain simulation experiment was conducted to check the suitability of crusher scalp material
for treatment of erodible dispersive soils. Compacted specimen (only 74% compaction against
MDD due to difficulties to compact the specimen on the tray) was prepared by blending 50%
crusher scalp material with 50% dispersive borrow material on 0.8m? tray, then it was placed
on an inclined position with 1V:6H slope to simulate the actual median earth ditch slope
condition, after that an artificial rain with an intensity of 15L/min/0.8m? (based on available
maximum discharge amount from water source) was released from the head of 2.80 m. The
artificial rain continued for up to 48 minutes and the observations were recorded. Here 48
minutes of rain simulation experiment considered as enough due to high intensity of the rain
during simulation experiment and the study area has low annual rainfall of 828mm.
According to the observations the crusher scalp material has a promising potential to protect
the dispersive soil against erosion. For future conducting further field testes that considers the
actual condition may scale up these approaches more and will introduce new ways to stabilize

dispersive nature of the soil.
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FIGURE 4.15: (A) SPECIMEN BEFORE EXPERIMENT (B) SPECIMEN AFTER EXPERIMENT
(C) SPECIMEN INTERNAL PART AFTER THE EXPERIMENT

4.4. Relation between soil dispersiveness, Atterberg limits and CBR of a soil

In this study two of the specific objectives were to investigate the relation between soil
dispersiveness and engineering properties like Atterberg limits and CBR value. During the
study it was observed that all soil samples tested for soil dispersiveness via crumb test showed
highly dispersive property with dispersive grade four. On the other-hand Atterberg limits and
CBR values are different for all soil samples. As indicated on sections 4.3.1, 4.3.3 and 4.3.5;
from laboratory tests it was observed that soils which have different CBR and Atterberg limits
value can show the same dispersive properties with identical dispersive grades when tested
with crumb test. Here the aim of the indicated specific objectives was to show that dispersive
soils cannot be identified with ordinary soil engineering properties tests like CBR and
Atterberg limits tests. In Ethiopia context during site investigation of any road construction,
representative soil samples will be collected from sub-grade and potential borrow sources to

check their suitability for road construction. To approve the soils as suitable material ERA
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specification will use CBR value, Atterberg limits and CBR swell value (ERA, 2013). Here
on the project under study all dispersive borrow sources are determined as suitable soil for
embankment and capping layer construction since they fulfill ERA specification requirement.
However, expressway sections constructed from these soils have been suffering from serious
erosion related problems because of high dispersive nature of utilized soils. By considering
the above mentioned issues it is important to check the presence of highly erodible dispersive
soils during site investigation by using field and laboratory identification techniques, so that

proper treatment and management techniques will be implemented in timely manner.

4.5. Treatments of Highly Erodible Dispersive Lands

As a treatment options for highly erodible dispersive soils and lands suitable treatment
techniques and methods were checked by using laboratory tests and experiments, based on
previous experience, availability of materials for treatment and parts of the expressway that
should have to be treated. Below treatments options will be presented for specific parts of the

expressway according to findings of the study.

4.4.1. Soft Shoulder and Median Earth Ditch erosion protection

One of the areas of the expressway which have been suffering from high intensity of erosions
are soft shoulder and median earth ditch. To protect these parts of the expressway gypsum,
pumice, red ash (scoria) and crusher scalp material were checked for their suitability for

treatment.

The suitability of gypsum and pumice were examined through crumb tests and both materials
failed to stabilize and enhance the properties of dispersive soils which are located at
throughout the study area. In addition to negative result from the crumb test, gypsum will
harden immediately after when it contact with water this property makes the gypsum material
unsuitable for field application works, since it will create difficulties in mixing, placing and
compaction activities. Additionally gypsum is too expensive to apply it in bulk amount for

stabilization of dispersive soils in field scale.

Another treatment option considered in this study was red ash material. Red ash (scoria)

material blended with dispersive borrow material (70% red ash and 30% dispersive borrow
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material) was used by the contractor for the construction of capping layer and soft shoulder
from km 28+100 — 34+100. This stretch was constructed before two years and soft shoulder
sections constructed from these materials blend showed erosion resistant property almost for
two rainy seasons. By nature red ash material has relatively low maximum dry density, good
bearing capacity, good grading modulus and water can easily percolate within the material.
On the other hand, dispersive borrow soils have opposite properties from the red ash material.
The combination of these different materials results a material with better engineering
properties and erosion resistant character. Scoria is abundantly available in the study area and
it can be utilized as soft shoulder and median earth ditch construction material by blending
with erodible soils. For median earth ditch it will be recommended to put geo-membrane
under the layer of red ash and soil blend layer to protect the percolation of water through the

layer.

The suitability of crusher scalp material for treatment of erodible dispersive soils checked by
using rain simulation experiment. Crusher scalp material is a waste material that contains
stone fragments with a few gravels and this material will be produced on daily basis whenever
there is aggregate crushing activity. Utilization of this material as erosion protection
mechanism involves the concept of value engineering since waste material will be used for
soft shoulder and median earth ditch construction while serving as a dispersive soil stabilizer.
According to the observations from rain simulation experiment the crusher scalp material has

a promising potential to protect the dispersive soil against erosion.

4.4.2. Protection of embankment and cut slops

For protection of embankment and cut slops suitable techniques were explored based on
availability of material, previous experience and literature review. According to findings of
the study the best way to protect the slops against erosion is achieved by providing a barrier
that prevents contact between rain and slope faces. For this purpose, available options include
stone pitching, geo-membrane, compost blanket, vegetation cover and rip rap for low
embankment fill slopes. From the above-mentioned options stone pitching was chosen for cut
slops and high fill embankment slope protection due to its durability and abundant availability

of stones throughout the study area. For low fill embankment slops rip-rap armor constructed
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with scoria material and stone can be a viable option for erosion protection technique. During
site investigation it was observed that low fill embankments that are protected by scoria as rip

rap techniques serving in a good condition in terms of protecting the slops against erosion.

4.4.3. Protection of water crossing structures and natural stream gullies

During the study it was observed that deep and wide gullies were already formed by erosion
on natural stream channels throughout the expressway. Moreover, the failure of old Ethio-
Djibouti bridge abutment at km 34+262 of the expressway alignment reveals that the failure
of water crossing structures due to erosion is imminent if proper protection methods are not
implemented in timely manner. Furthermore, clogging of water crossing structures like pipe
culvert by soil sediment also one of erosion related hazards that should have to be considered
during treatment process. To overcome this problem it is necessary to clean culverts from
sediments at regular time interval. To protect water crossing structures and gullies gabion
structures and rip rap armor techniques are chosen based on availability, durability and
literature review. Around the approaches of water crossing structures gabion walls can

efficiently protect the sides of the gullies from erosion and rip rap has a potential to protect

stream channel beds from erosion and scoring.

FIGURE 4.16: CONSTRUCTED GABION WALLS ON ETHIO-DJIBOUTI HIGHWAY AS
EROSION PROTECTION MECHANISM
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FIGURE 4.17: RIP RAP ARMOR AND GABION STRUCTURES CONSTRUCTED ON
NATURAL STREAM CHANNEL AT OLENCHITI AGRO-INDUSTRY PARK FOR EROSION
PROTECTION
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CONCLUSIONS AND RECOMMENDATIONS

5.1. Summary

Highly erodible lands which contain dispersive types of soils erode easily when they contact
with rain water. Erosion of such types of lands happens even in stagnant water without any
strong flood velocity due to the presence of high concentration of exchangeable sodium
percentage (ESP) in soil particles. Dispersive soils can be identified both in field and
laboratory scale. On field scale, behaviors of these lands include; the occurrence of deep
erosion gullies on natural stream lines, worm channels and piping failure in constructed
embankment indicates presence of dispersive soils. Besides erosion of road cut slops along
with different erosion patterns and weathered rock joints with cloudy water or high turbidity
in ponds after rain is linked to the effects of highly erodible dispersive soils. In laboratory
scale dispersive soils can’t be identified with ordinary soil tests like atterberg limits, CBR,
UCS and triaxial and other soil engineering tests. Dispersive soils can be identified only with
dispersive soil identification laboratory tests like crumb test, double hydrometer, chemical test

and pinhole test.

The main objective of this study was to investigate erosion related problems considered as
geotechnical hazards for highway construction by investigating the impacts of utilizing
dispersive soils as construction materials and to give possible ways of treatment techniques of
highly erodible lands in highway construction site. To achieve the objectives of the study both
site investigation and laboratory experiment approaches were used. Findings and results from
site investigation and laboratory tests were collected, analyzed, discussed and interpreted;
finally possible treatment techniques were suggested based on findings of the study. Moreover
conclusions are drawn and recommendations for future researches are suggested based on

findings of the research.
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5.2. Conclusions

Based on findings of detailed site investigation at Adama — Km Expressway and results from

laboratory tests and experiments, the following conclusions are drawn.

R/
L X4

X/
°

>

ASTU

Site investigations findings reveal that Adama-Km 60 Expressway project which is
currently under construction is suffering from serious erosion related problems which
can be geotechnical hazards if appropriate treatment and management techniques are
not implemented.

According to crumb test results all soil samples collected from borrow areas, cut
sections and natural stream lines showed highly dispersive property with grade-4.
Moreover, one soil sample collected from cut section of the expressway proven to be
dispersive and highly sodic soil by double hydrometer and chemical test with a value
of 80% and 24.41 ESP respectively.

In investigating the relation between atterberg limits and CBR of a soil with dispersive
nature of the soil obtained from crumb and laboratory tests, it was found that there is
no relation between soil dispersiveness and engineering properties like atterberg limits
and CBR of a soil.

Gypsum found to be unsuitable to stabilize and enhance the properties of dispersive
soil. Its suitability checked through crumb test by simulating the actual field
conditions.

Up to 50% pumice proportion used to treat dispersive property of the soil, however the
crumb test result did not show any improvement towards the soil nature. e Adding
more pumice will cause in reduction to density due to light weight nature of pumice
material and this can lead to soil collapsibility. Therefore, pumice cannot be used as
treatment options for erodible dispersive soils.

Red ash (scoria) material blended with dispersive borrow material (70% red ash and
30% dispersive borrow material) was used by the contractor for the construction of
capping layer and soft shoulder from km 28+100 — 34+100. This stretch was
constructed before two years and soft shoulder sections constructed from these
materials blend showed erosion resistant property almost for two rainy seasons. Based

on site investigation findings scoria can be a best erosion protection material since this
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material is abundantly available at the study area and this approach seems directly
applicable

Crusher waste material also checked for its suitability for erosion protection through
rain simulation experiment by blending it with 50% dispersive soil. According to the
observations from artificial rain simulation experiment the crusher waste material has
a promising potential to protect the dispersive soil against erosion. Moreover, to
erosion protection application crusher waste material enhanced CBR, MDD and
grading modulus of dispersive soil.

For high fill embankment and cut slops, stone pithing structures was suggested as
erosion protection technique based on availability, suitability, durability and findings
of the study through literature review. For low fill embankment slops protection
against erosion rip rap armor can serve as efficiently to protect slope faces against

erosion.

To protect water crossing structures and gullies; gabion structures and rip rap
techniques are chosen based on literature review. At water crossing structures
approaches gabion walls can efficiently protect the sides of the gullies from erosion
and rip rap armor has a potential to protect stream channel beds from erosion and

scoring.
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5.3. Recommendations

L
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For future studies it is recommended to study more efficient and economical erosion
treatment options through practical field applications.
This study reveals that gypsum can’t be a treatment option for dispersive soil. Gypsum
is proven to be suitable to treat dispersive soil by other researches, this situation
exposed that other dispersive soil treatment options suggested by previous researchers
should have to be examined by considering real field applications scenarios.

In this study crumb test results are compared with double hydrometer and chemical
test results only for one soil sample. Further researches are needed in terms of
comparison and correlation between crumb test and other dispersive soil identification
tests.

This study only tried to investigate if there is any relation between soil dispersiveness
and engineering properties by using crumb test, atterberg limits and CBR tests. For the
future further studies should have to be carried out by involving all dispersive soil
identification test methods with other soil engineering property tests.

This study focused on erosion related hazards for embankment and cut slops
constructed with dispersive soils and it didn’t involve slope stability analysis. For the
future further studies should have to be carried out on the impacts of dispersive soil on

slope stability by using slope stability analysis approaches.
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APPENDICES

[ ... | _ Particle Size Analysis |
TIPS AHANET? APH.P27A ha3e Title (Hydrometer)
bt Gondwana Engineering PLC. Document No.: Revision No. Effective Date:
LAB-F-014 0 10/01/2013
TEST METHOD : AASHTO T - 88
Project:- Adama Km 60 Express Way
Client:- Biruk Abera
Station:- 26+950 Cut section
Sample of:- Disturbed Samples (With out dispersing Agent)
Description of Sample:- Light gray fine silty SAND (Fine Ash)
Depth Sampled:- -
Lab. Number:- AEW. DS. Hydrom. 1/2025
Date Tested:- 11/04/25
Date Issued:- 16/04/25
CUMULATI
AST(":AS')EVE VE% |%PASS
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75.0 0.0 100.0
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Particle Size Analysis |
TILPS WRIETT APT.PI0 03 e Title (Hydrometer)
g Gondwana Engineering PLC. Document No.: Revision No. Effective Date:
LAB-F-014 0 10/01/2013
TEST METHOD : AASHTO T - 88
Project:- Adama Km 60 Express Way
Client:- Biruk Abera
Station:- 26+950 Cut section
Sample of:- Disturbed Samples (With dispersing Agent)
Description of Sample:- Light gray fine silty SAND (Fine Ash)
Depth Sampled:- -
Lab. Number:- AEW. DS. Hydrom. 2/2025
Date Tested:- 11/04/25
Date Issued:- 16/04/25
CUMULATI
ASTXAE;EVE VE% |% PASS
RETAINED
75.0 0.0 100.0 l
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GEOLOGICAL INSTITUTE OF ETHIOPIA

Doc. Number:
GLD/F5.10.2

Version No: 1

Geochemical Laboratory Desk

Page 1of 1

Document Title:- Complete Silicate Analysis Report

Effective date:

Nov. 2022

Customer Name;- Biruk Abera
Sample type ;-Powder

Sample Preparation:-200 Mesh

Issue Date:- 10/04/2025

Request No:- GLD/RQ/1124/25
Report No:- GLD/RN/4637/25

Date Submitted ;- 24/03/2025
Analytical Result: In percent (%) Element to be determined Major Oxides & Minor Oxides.
Analytical Method: LiBO, FUSION. HF attack. GRAVIMETERIC. COLORIMETRIC and AAS

Number of Sample: One(01)

Collector'scode | SiO, | ALO; | Fe,0; | CaO | MgO | Na,0 K,0 MnO | P,0; TiO, Hyo | LOI weight Of
sample

B-A-01 61.52 | 13.72 | 598 | 2.76 | 060 | 210 | 3.00 | 026 | 070 | 1.24 | 341 | 608 | 1.5kg

Note:- This result represent only for the sample submitted to the laboratory.
»  LOI=Loss on Ignition

Analysts Checked By
Fasika Dereje
Abdisa Yohannes
Wedajo Gudisa
Tensae Tarekegn
Bane Abera
Shashe Haile

i

Geochemical I.aharatorv Deck B ol
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CLIENT

ETHIOPIAN ROAD ADMINISTRATION

CONSULTANT

LEA-LASA-UNICONE

CONTRACTOR

A:.’

Stook
JMC - LRBCL Jjoint Venture.

Code
©oons

Ethiopia - Djibouti Transport Corridor Project Phase I.
Design & Build of Adama - Km 60 Expressway

SOIL TESTING AND APPROVAL RECORD

SOURCE Borrow Area No.39 @04+600 RHS SAMPLEING DATE 2/3/2025
SAMPLING LOCATION Km.04+600 RHS SAMPLE DEPTH (M) 0.2to3.0m
PURPOSED TO USE For Earthwork filling
MATERIAL DESCRIPTION: Yellowish Brown clayey Soil
No, TEST PERFORMED TEST RESULTS TEST METHODS ACCEPTANCE CRITERIA APPROVAL STATUS
YES NO
MDD at 100% 1.368  g/em’ I —
AASHTO T-180 Method YES NO
a COMPACTION TEST omMC 19.2 % D/ ASTM D 1557 |:] —
YES NO
MDD at 95% 1.300 g/cm3 I: [:'
Coracss . YES NO
BR at 95% MDD 220 % > —
2 CBR AASHTO 193/ e Y —
ASTM D 1883 a YES NO
SWELL 0.45 % <
/3
5 AASHTO T-89/90/ YES NO
LIQUID LIMIT (LL) 36.5 % ASTM D 4318 <60 : ,:
- AASHTO T-89/90/ YES NO
o 9 .
3 | Atterbeig Limits [PLASTIC LMIT (PL) 3.1 % ASTM D 4318 — ) —
PLASTICITY & AASHTO T-89/90/ <30 e No
INDEX(PI) : ® ASTM D 4318 | o A
4 IL CARACT SO HTO M ke =
4 SOIL CARACTER CLASSIFICATION A-6(2) AASHTO M 145 :] :'
SoIL " YES NO
5 ORGANI(.Z CONTENT CLASSIFICATION NA AASHTO T-267-86 <3 I:] |:]
Note: Attach individual test records and data sheet
Remarks:
Consultant's Representative
; _ﬂgnnt{xre Date
PME | o | ol
{ rlm\ %
X =7 —RECSTF O




CLIENT

ETHIOPIAN ROAD ADMINISTRATION

CONSULTANT ; CONTRACTOR

W | A\

LEA-LASA-UNICONE JMC - LRBCL Joint Venture.

|

ETHIOPIA-DJIBOUTi TRANSPORT CORRIDOR PROJECT

(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

MAXIMUM DRY DENSITY AND MOISTURE CONTENT

(AASTHO T-180)
Source : Borrow Area No.39 @04+600 RHS Date of Sampling: 2/3/2025
Location: Km 04+600 RHS Date of Testing: 2/5/2025
Propose Used For Earthwork filling Sampled By: Biruk A.
Type of Method: A Tested By: Consultant Lab 'I'eam
Material Discription Yellowish Brown clayey Soil Depth (M) 0.2t03.0m
Description Testl | Testll [ Testlll TestlV | TestV
___Density Determination
Water Added % 10% 12% 14% 16%
Mass of mouild + Wet Soil (g) 9638 9850 10052 10020
Mass of mould, W5 (g) 6588 6588 6588 6588
Mass of wet soil, W7=W6-W5 (g) 3050 3262 3464 3432
Volume of mould, V (cc) 2124 2124 2124 2124
Bulk density, y,, = [(W7-W6)/V] glcc 1.436 1.536 1.631 1.616 NMC
Moisture Content Determination
Container no A-12 A-13 B-3 B-10 A-1
Mass of container + wet soil, W1 (g) 298.60 314.00 193.70 230.30 261.80
Mass of container + oven dry soil, W2 (g) 265.70 273.81 167.00 195.60 251.60
Mass of Water (g) W3=W1-W2 32.90 40.19 26.70 34.70 10.20
Mass of container, W4 (g) 47.70 44,20 28.00 34.10 52.10
Mass of Dry Soil (g) W5 = W2-W4 218.00 229.61 139.00 161.50 199.50
Content (%) W6= W3/W5*100 15.09 17.50 19.21 21.49 5.11
Dry density, y4 = y,/(100+W6)*100 (g/cc) 1.248 1.307 1.368 1.330 5.11
1.39 - - e -
137 e — —— ;A ==t - ——
135 |— ——— — ’,(- —— e e e e e
= 133 - =: tue "/ - — — ®
2 S B TR i doed PPl L2 = 2 ,k;',’,, o A0 S R END! B X
2 -
> = e = e == =
= 1.29
2
e 7;7_7;;.6{.”* === —I= = B | ] s S s 1 i3 ot e e
1.25 |gpr= —— ; —— ——
1.23 — - S
15 16 17 18 19 20 21 22

Moisture Content

1.368 (gm/cc) | OMC:

Teste By
Consultant’s

Lab Technician

Consultant's PME




CLIENT

ETHIOPIAN ROAD ADMINISTRATION

| CONSULTANT

LEA-LASA-UNICONE

CONTRACTOR

JMC - LRBCL Joint Venture.

ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

ATTERBERG LIMITS
(AASTHO T-89/90)
Source : Borrow Area No.39 @04+600 RHS Date of Sampling; 2/3/2025
Location: Km.04+600 RHS Date of Testing: 2/6/2025
Propose Used For Earthwork filling Sampled By: Biruk A.
Material Discription Yellowish Brown clayey Soil Tested By: Consultant Lab Team
Descrption g LIQUID LIMIT PLASTIC LIMIT
P Test | Test Il Test Il Test IV Test | Test Il Avg.
No of blows/Penetration (mm) 32 27 19
Container No C-13 C-16 C-15 C-50 C-6
Container + Wet soil, Wi (g) 61.35 62.28 60.02 30.18 30.15
Container + Dry soil, W2 (g) 50.59 51.1 49.15 28.3 28.29
Weight of Container (g) 20.2 204 201 20.15 20.23 23.07
Weight of water, W4= W1-W2 (g) 10.76 11.18 10.87 1.88 1.86
Weight of oven dry sample, W5=W3 - W1 (g) 30.39 30.70 29.05 8.15 8.06
Water conieni percentage, 100x(W4/W5) 35.41 36.42 37.42 23.07 23.08
- Chart Title Grain Size Analysis
Total Wt.(gm) 1366.0
N Sieve size | Wt. Ret. % % Passing
63 \ B mm (g.) Retained
@ \ 2.0 1900 | 1391 86.09
E ——————\ gé. 0.425 477.3 34.94 51.15
x \ 0.075 158.0 11.57 39.58
36 \ Pan 540.7 39.58 0.00
N
10 100
Axis Title
LL PL Pl Soil Class
36.50 23.07 13.43 A-6(2)
Comments:-

Consultant's

Lab Technician

Consultant's PME
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JMC PROJECTS (1) LTD.

ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

CALIFORNIA BEARING RATIO TEST

(AASHTO T 193)
Source : Borrow Area No.39 @04+600 RHS Datc of Sampling: 2/3/2025
Location: Km.04+600 RHS Date of Soaking: 2/6/2025
Propose Used For Earthwork filling Date of Testing: 2/10/2025
|Material Discription Yellowish Brown clayey Soil Depth (m): 0.2t03.0m
DENSITY DETERMINATION
SOAKING CONDITION 10 Blows 30 Blows 65 Blows
Before | After Before | After Before | After
MOLD NUMBER M-28 M-40 M-37
WEIGHT OF MOLD 7488 7488 7482 7482 7814 7814
WEIGHT OF SOIL + MOLD 10700 11200 10806 11270 11306 11560
WEIGHT OF SOIL 3212 3712 3324 3788 3492 3746
VOLUME OF MOLD 2124 2124 2124 2124 2124 2124
WLET DENSITY OF SOIL 1.51 1.75 1.56 1.78 1.64 1.76
DRY DENSITY OFF SOIL, 1.27 1.40 1.31 1.45 1.38 1.46
MOISTURE DETERMINATION
CONTAINER NUMBER B-6 A-8 B-4 A-21 B-13 A-17
WET SOIL + CONTAINER (g) 220.20 261.40 221.70 226.40 213.00 226.40
DRY SOIL + CONTAINER (g) 189.60 216.41 191.25 190.90 183.89 194.06
WEIGIHT OI' WATER (g) 30.60 44.99 30.45 35.50 29.11 32.34
WEIGHT OF CONTAINER (g) 28.60 32.80 32.70 39.20 32.30 37.10
WEIGIHT OFF DRY SOIL (g) 161.00 183.61 158.55 151.70 151.59 156.96
MOISTURE CONTEN'T (%) 19.01 24.50 19.21 23.40 19.20 20.60
AVG. MOISTURE CONTENT (%) 21.75 21.30 19.90
Ring Factor 0.03081 PENETRATION TEST DATA
St Load Diz'll I;.on\d Cor. Load Di?l Lioad (i) Cor. Load l)i:'\l Load (kn) Cor. Load
PENETRATION (mm) reading (1) (kn) reading (kn) reading (kn)
0 0.0 0 0.0 0 0.0 0
0.64 10.0 0.3 25.0 0.8 30.0 0.9
1.27 - 30.0 0.9 65.0 2.0 [ 750 2.3
1.96 50.0 1.5 107.0 3.3 130.0 4.0
2.54 13.54 57.0 1.8 1.7 140.0 4.3 4.2 170.0 5.2 5.0
3.18 62.0 1.9 163.0 5.0 190.0 5.9
3.81 65.0 2.0 i88.0 5.8 210.0 6.5
4.45 70.0 2.2 200.0 6.2 235.0 7.2
5.08 20.22 75.0 23 2.3 223.0 6.9 6.5 250.0 7.7 18
7.62 80.0 2.5 235.0 7.2 265.0 8.2
10.16 90.0 2.8 245.0 75 278.0 8.6
12.7 110.0 3.4 263.0 8.1 296.0 9.1
SWELL KIEADING (INITIAL) 4.72 4.27 12.65
.READING (FINAL) 5.20 4.92 13.10
iNTAGLE SWELL 0.41 0.56 0.39
CBR @ 2.54 mm 12.2 31.0 . 36.9
CBR @ 5.08 mm 11.4 321 & 374

Teste:

Consultant’s Lab Technician

Approved By
Consultant's PME
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LETHIOPIAN ROAD ADMINISTRATION
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CONSULTANT
UNICENE
=3%r1

A A1,

CONTRACTOR

JMC PROJECTS (T) LTD.

ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

CALIFORNIA BEARING RATIO TEST

(AASHTO T 193)
Source : Borrow Area No.39 @04+600 RHS Date of Sampling: 2/3/2025
Location: Km.04+600 RHS Dal¢ of Soaking: 2/6/2025
Propose Used For Earthwork filling Date of Testing: 2/10/2025
Material Discription Yellowish Brown clayey Soil Depth (m): 0.2t03.0m
MDD (gm/cc) | 13681 OMC (%) | 1921 |
5 10
| 9
8 = ===
4 ] | | SoEEEEES ,‘——-:'"‘7— SSmES
[ 1 | 7 =S
] ‘ P %
3 . EP T 5 -
2 1 o 4 7
I B #;; 3 ~ =
1 —u/ H 2 o—— = =
1 i i | H -
J/ | g | | | | | ! =
0 ¢- g e . 0 =
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
70¢ T T T T T
10 — | TTTTTT] ‘
9  —— - — X .—7 1 = — :/’ :_ ,; 60'0 1 T . || T
3 e / |
==sss St 50.0 Ly ! &3
7 e 1V
40.0 :
- = (/2] | ‘ 1
. - = 30.0 1A T
4 — = [
TR ==C ==SESES SESSSES 200
2B 10.0 : ‘
1 4 = === = SRR 1] {
0 2 - 0.0 1
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 1.00 110 120 130 140 150 160 170

Density @ 95% Compaction (gm/cc) 1.300
CBR @ 95% Compaction (%) 22.0
Swell @ 95% Compaction (%) 0.45

Consultant’s Lab Technician

roved By
Consultant's PME
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CONSULTANT

" AUNICENE

V==731pr14
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CONTRACTOR

Stock Code
soosss

JMC - LRBCL Joint Venture.

Ethiopia - Djibouti Transport Corridor Project Phase |.
Design & Build of Adaina - ¥m 60 Expressway

SOIL TESTING AND APPROVAL RECORD

SOURCE Borrow Area No.60 @7+800 LHS SAMPLEING DATE 2/3/2025
SAMPLING LOCATION Km.7+800 LHS SAMPLE DEPTH (M) 0.2to3.0m
PURPOSED TO USE For Earthwork filling
MATERIAL DESCRIPTION: Yellowish Brown Clayey Soil
No. TEST PERFORMED TEST RESULTS TEST METHODS ACCEPTANCE CRITERIA APPROVAL STATUS
= YES NO
MDD at 100% 1.263 g/em’ : [:
AASHTO T-180 Method YES NO
1 COMPACTION TEST omc 17.3 % D/ ASTM D 1557 : [:l
L=
YES NO
MDD at 95% 1200  g/em? — Y
YES NO
CBR at 95% MDD 43.0 % >5
3 b AASHTO 193/ E—
- ASTM D 1883 YES NO
SWELL 0.58 % <2 I: :
AASHTO T-89/90/ YES NO
LIQUID LIMIT (LL) 377 % ASTM D 4318 <60 : :
e AASHTO T-89/90/ YES NO
G A /
3 Atterberg Limits PLASTIC LIMIT (PL) 26.2 % ASTM D 4318 : :
PLASTICITY A % AASHTO T-89/90/ -l YES NO
INDEX(PI) ’ ASTM D 4318 = ]
SOIL 6 5 145 YES NO
4 | SOIL CARACTERSTICS CLASSIFICATION A- AASHTO M |:, [:'
YES NO
5 Grading Modules |Grain Size Analysis 1.20 As Per Era Spec >0.75 :] :,
Note: Attach individual test records and data sheet
Remarks:
IS ~Ii'gi}(esentative
) ! Date
/
P He)or
———rSTrTTY.




CLIENT

ETHIOPIAN ROAD ADMINISTRATION

CONSULTANT
V=317

LEA-LASA-UNICONE

CONTRACTOR

LN

JMC - LRBCL Joint Venture,

(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

THIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT

MAXIMUM DRY DENSITY AND MiOiSTURE CONTENT

(AASTHO T-180)

Source : Borrow Area No.60 @7+800 LHS Date of Sampling: 2/3/2025
Location: Km.7+800 LHS Date of Testing: 2/5/2025
Propose Used For Earthwork filling Sampled By: Biruk A.
Type of Method: A Tested By: Consultant Lab Team
Material Discription Yellowish Brown Clayey Soil Depth (M) 0.2t03.0m
Description Testl | Testl [ Testll TestlV | TestV
Density Determination
Water Added % 6% 8% 10% 12%
Mass of mould + Wet Soil (g) 9230 9420 9600 9600
Mass of mould, W5 (g) 6197 6197 6197 6197
Mass of wet soil, W7=W6-W5 (g) 3033 3223 3403 3403
Volume of mould, V (cc) 2303 2303 2302 2303
Bulk density, ym = [(W7-WE)V] glcc 1317 1.399 1.478 1.478 NMC
Moisture Conteit Deter i
Container no A-27 M-5 D-18 G-1 M-21
Mass of container + wet soil, W1 (g) 233.60 217.30 259.20 179.90 274.00
Mass of container + oven dry soil, W2 (g) 210.96 192.60 225.60 155.30 259.10
Mass of Water (g) W3=W1-W2 22.64 24.70 33.60 24.60 14.90
Mass of container, W4 (g) 36.60 28.00 28.60 27.20 28.40
Mass of Dry Soil (g) W5 = YVZ-W4 174.36 164.60 197.00 128.10 230.70
Moisture Content (%) W6= W3/W5*100 12.98 15.01 17.06 19.20 6.46
Dry density, g = yn/(100+W86)*100 (glcc) 1.166 1.217 1.262 1.240 6.46
17 == -
= N i Y P 13 S S, T ] f,/,}i",e'* "\3\* N I N i PO
1.25 1= ~]
e (0 - B! e ,,,,,?/_ =4 - = S e
‘; 123 = o 5 o e 5 = i
e /9/ - |
U
a 1.21 >
= 1
G - f;,/*""' - i i 5 == i
119 7
— A1 — ————1— - P
LA
117 |
‘ S AP "< (e B = ] PR [N OB (G R T x
115 L1 L
12 12 14 15 16 17 18 19 20
Moisture Content
MDD: 1.263 (gm/cc) | OMC: 173 % |

Consultant’s

Lab Technician
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CLIENT CONSULTANT CONTRACTOR
- 4 &
'AUNICENE y \ =
=31 sl S == =)
ETHIOPIAN ROAD ADMINISTRATION LEA-LASA-UNICONE JMC - LRBCL Joint Venture.
ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)
ATTERBERG LIMITS
(AASTHO T-89/90)
Siies Borrow Area No.60 @7+800 LHS Date'of Sampli 2/3/2025
Location: Km.7+800 LHS Daie of Testing: 2/5/2025
Propose Used For Earthwork filling Sampled By: Biruk A.
Material Discription Yellowish Brown Clayey Soil Tested By: Consultant Lab Team
Description LIQUID LIMIT PLASTIC LIMIT
P Test | Testll | Testlll | TestlV| Testl | Testll Avg.
No of blows/Penetration (mm) 33 27 18
Container No C-13 C-67 C-49 C-99 C-80
Container + Wet soil, W1 (g) 56.2 53.1 52.8 314 31.8
Container + Dry soil, W2 (g) 47.7 448 44.8 30.1 30.1
Weight of Container (g) 246 227 24 25 238 26.24
[Weight of water, Wd= W1-W2 (g) 8.50 8.30 8.00 1.30 1.70
Weight of oven dry sample, W5=W3 - W1 (g) 23.10 22.10 20.80 5.10 6.30
Water content percentage, 100x(W4/W5) 36.80 37.56 38.46 25.49 26.98
39 Chart Title Grain Size Analysis
Total Wt.(gm) 835.0
\ Sieve | Wt. Ret. % % Cum %
38 N size mm (g.) Retained | Retained | Passing
o N\ 20 | 1331 | 1594 | 1594 | 8406
= s 0425 | 2661 | 3187 | 4781 | 5219
= 0.075 73.0 8.74 56.55 43.45
3 \B\ Pan 362.8 43.45 0.00
Grading Modules 1.203
36 —
10 100
Axis Title
LL | PL | Pl | Soil Class
37.65 | 26.24 | 11.41 | A6
Comments:-
Tested B
Consultant's
Lab Technician Consultant's PME
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ETHIOPIAN ROAD ADMINISTRATION

CONSULTANT

=31 r

-EA A UnNICERNE

LEA-LASA-UNICONE

CONTRACTOR

P 1N

JMC PROJECTS (1) LTD.

r 2 4
r o4

Stook Code
e

ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

CALIFORNIA BEARING RATIO TEST

(AASHTO T 193)

Source Borrow Area No.60 @7+800 LHS Date of Sampling: 2/3/2025
Location: Km.7+800 LHS Date of Soaking: 2/6/2025
Propose Used For Earthwork filling Date of Testing: 2/10/2025
Material Discription Yellowish Brown Clayey Soil Depth (m): 02t03.0m
DENSITY DETERMINATION
SOAKING CONDITION 10 Blows 30 Blows 65 Blows
) Before I After Before l After Before After
MOLD NUMBER M-32 M-9 M-17
WEIGHT OF MOLD 7195 7195 7011 7011 7054 7054
WEIGIIT OF SOIL + MOLD 9912 10606 10088 10630 10374 10785
WEIGIHT OFF SOII. 2717 3411 3077 3619 3320 3731
VOLUME OF MOLD 2243 2243 2243 2243 2124 2i24
WET DENSITY OF SOIL 1.21 1.52 1.37 1.61 1.56 1.76
DRY DENSITY OF SOIL 1.04 1.30 1.17 1.38 1.34 1.50
MOISTURE DETERMINATION
CONTAINER NUMBER D-42 A-69 M-4 M-6 C-100 F-20
WET SOIL + CONTAINER (g) 226.10 233.70 239.60 257.50 204.60 269.90
DRY SOIL + CONTAINER (g) 197.50 204.22 208.87 224.26 178.92 235.70
WEIGH T OF WATER (g) 28.60 29.48 30.73 33.24 25.68 34.20
WEIGHT OF CONTAINER (g) 28.50 29.20 27.60 27.80 27.00 34.50
WEIGITT OF DRY SOIL (g) 169.00 175.02 181.27 196.46 151.92 201.20
MOISTURE CONTEN'T (%) 16.92 16.84 16.95 16.92 16.90 17.00
AVG. MOISTURE CONTENT (%) 16.88 16.94 16.95
Ring Factor 0.03081 PENETRATION TEST DATA
Std. Load [)i:‘|l l:lnnd Cor. Load Dial Load -(Ke) Cor. Load Diznxl Load (kn) Cor. Load
PENETRATION (mm) reading (kn) (kn) reading (kn) reading (kn)
0 0.0 0 0.0 0 0.0 0

0.64 16.0 0.5 23.0 0.7 45.0

1.27 1 22.0 0.7 49.0 1.5 — 105.0

1.96 37.0 1.1 67.0 21 200.0

2.54 13.54 46.0 1.4 1.6 91.0 2.8 33 380.0 10.5

3.18 59.0 1.8 115.0 3.5 437.0

3.81 70.0 2.2 145.0 4.5 465.0

4.45 81.0 2.5 185.0 5.7 500.0

5.08 20.22 99.0 3.1 2.7 252.0 7.8 6.0 550.0 16.0

7.62 105.0 3.2 263.0 3 562.0

10.16 114.0 3.5 271.0 8.3 574.0

12.7 125.0 39 286.0 8.8 581.0
SWELL READING (INITIAL) 3.60 3.66
SWELL READING (FINAL) 4.65 4.35
PERCENTAGE SWELL 0.90 0.59
CBR (@ 2.54 mm 12.0 24.4
CRR @ 5.08 mm 13.4 29.7

W DEL
%B'\ “Ap| rovcd%-By
Consultant’s Lab Technician Consultant's PME
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CONSULTANT
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CONTRACTOR

e

Code
Goonss

JMC PROJECTS (I) LTD.

ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

CALIFORNIA BEARING RATIO TEST

(AASHTO T 193)
Source : Borrow Area No.60 @7+800 LHS Date of Sampling: 2/3/2025
Location: Km.7+800 LiS Date of Soaking: 2/6/2025
Propose Used For Earthwork filling Date of Testing: 2/10/2025
[Material Discription Yellowish Brown Clayey Soil Depth (m): 02t03.0m
MDD (gm/cc) | 1263] OMC (%) [ 1730 ]
5 12
7 10 —
‘ o o o B 2
T 8 =
3 1 i |
WK = 6 ~/ A
1 . i /4.
Y
L amE=y SEEE
i 2 0 2 4
4
ﬁ:;f H- | = 0 P ib ;:} """"" -
5 6 7 8 9 10 11 12 13 14 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1200 e
20 = —E=F EEEEER 110.0 ‘
R B ESSSS=SS=Soo=soesoaRsnas 100.0 -EE——oE=EE
16 ’ - = 1= e mew 90'0 e ———
=SEE 80.0 =
14 = ="3 !
12 700 +—
o | - - 60.0
== prt 2 e 50.0 ==
. ==E = 40.0
. : 300 =
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2 L 10.0 &
o § 4 =
0 - 0.0
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 090 100 110 120 130 140 150 1.60

Density @ 95% Compaction (gm/cc)

1.200

CBR @ 95% Compaction (%)

43.0

Swell @ 95% Compaction (%)

0.58

Consultant’s Lab Technician

Consultant's PME
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A\

JMC - LRBCL Joint Venture.

CONTRACTOR
vz
4

Ethiopia - Djibouti Transport Corridor Project Phase I.
Design & Build of Adama - Km 60 Expressway

SOIL TESTING AND APPROVAL RECORD

SOURCE Borrow Area No.40 @08+800 LHS SAMPLEING DATE 2/3/2025
SAMPLING LOCATION Km.08+800 LHS SAMPLE DEPTH (M) 0.2t03.0m
PURPOSED TO USE For Earthwork filling
MATERIAL DESCRIPTION: Dark Brown Clayey Soil
No. TEST PERFORMED TEST RESULTS TEST METHODS ACCEPTANCE CRITERIA | APPROVALSTATUS
YES NO
MDD at 100% 1226  g/em’ ]
AASHTO T-180 Method YES NO
4 3
1 | COMPACTION TEST omC 17 % D/ASTM D 1557 = =
Bt ae e}
YES NO
MDD at 95% 1.165  g/em’ i m—
CBR at 95% MDD 5.6 5 Ll b
BR at 95% MD! 45, % >
, o ARSHTO 199/ 1 =1
ASTM D 1883 YES NO
SWELL 117 % <2 . —
AASHTO T-89/90/ VES NO
LIQUID LIMIT (LL) 45 % AEra DA <60 - —
T 5i i AASHTO T-89/90/ YES NO
3 Atterberg Limits PLASTIC LIMIT (PL) 319 % ASTM D 4318 [: l:
PLASTICITY 6 . 5 AASHTO T-89/90/ — YES NO
INDEX(PI) ' ¢ ASTM D 4318 —/1
<OIL CARACT! B HTO M 145 e NO
4 IL CARACTER CLASSIFICATION A-7-5(7) AAS| 145 = [ e
6 i SOIL = . YES NO
5 | ORGANIC CONTENT | \ccci-ation NA AASHTO T-267-86 <3 o C—

Remarks:

Note: Attach individual test records and data sheet

Sigﬁlmrg

PME
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CLIENT

ETHIOPIAN ROAD ADMINISTRATION ; LEA-LASA-UNICONE '

CONTRACTOR

L

JMC - LRBCL Joint Venture.

(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT

MAXIMUM DRY DENSITY AND MOISTURE CONTENT

(AASTHO T-180)

Source : Borrow Area No.40 @08+800 LHS Date of Sampling: 2/3/2025
Location: Km_ 08+800 LHS Date of Testing: 2/6/2025
Propose Used For Earthwork filling Sampled By: Biruk A,
Type of Method: A Tested By: Consultant Lab I'eam
Material Discription Dark Brown Clayey Soil Depth (M) 021t03.0m
Description Testl | Testll | Testlll TestlV [ TestV
Density Determinaticii
Water Added % 8% 10% 12% 14%
Mass of mould + Wet Soil (g) 9264 9473 9640 9600
Mass of mould, W5 (g) 6582 6582 6582 6582
Mass of wet soil, W7=W6-W5 (g) 2682 2891 3058 3018
Volume of mould, V (cc) 2124 2124 2124 2124
Bulk density, y, = [((W7-W6)/V] glcc 1.263 1.361 1.440 1.421 NMC
Moisture Content Determination
Container no B-1 A-6 D A-12 A-2
Mass of container + wet soil, W1 (g) 188.70 327.90 358.20 328.70 346.60
Mass of container + oven dry soil, W2 (g) 170.00 293.14 315.32 283.20 327.30
Mass of Water (g) W3=W1-W2 18.70 34.76 42,88 45.50 19.30
Mass of container, W4 (g) 30.30 ©5.40 68.90 47.80 65.70
Mass of Dry Soil (g) W5 = W2-W4 139.70 227.74 246.42 235.40 261.60
Moisture Content (%) W6= W3/W5*100 13.39 15.26 17.40 19.33 7.38
Dry density, yy = y/(100+W86)*100 (a/cc) 1114 1.181 1.226 1.191 7.38
124 |——— - V'[ - e
122 = T o —-
o — e = 4~ & i \'\ : =
> G| st e - _._7/, i b 55N S __>>o. B 1
2 1.18 — = ——
2 == = o e e
g 1.16 v -
114 >
A — — :
B = pa - o o ([ m—; 7 O "
110 — 1 1 — - — -
13 14 15 16 17 19 20
Moisture Content
MDD: 1.226 {gm/cc) | OMC: 17.4 % !
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Consultant's PME
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CLIENT

ETHIOPIAN ROAD ADMINISTRATION

CONSULTANT

"AuNICHNE

k!

=3

LEA-LASA-UNICONE

CONTRACTOR

JMC - LRBCL Joint Venture.

ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

ATTERBERG LIMITS
(AASTHO T-89/90)
Source - Borrow Area No.40 @08+800 LHS Date of Sampling: 2/3/12025
Location: Km.08+800 LHS Date of Testing: 2/7/2025
Propose Used For Earthwork filling Sampled By: Biruk A.
Material Discription Dark Brown Clayey Soil Tested By: Consultant Lab Team
Desérivtion LIQUID LIMIT PLASTIC LIMIT
P Test | Test Il Test iil Test IV Test | Test Il Avg.
No of blows/Penetration (mm) 34 26 17
Container No c-21 C-22 C-23 C-50 C-6
Container + Wet soil, W1 (g) 55.1 64.2 58.8 26 27.8
Container + Dry soil, W2 (g) 459 52.47 48.15 27.2 26.81
Weight of Container (g) 248 26.1 247 247 237 31.92
Weight of water, W4= W1-W2 (g) 9.20 11.73 10.65 0.80 0.99
Weight of oven dry sample, W5=W3 - W1 (g) 21.10 26.37 23.45 2.50 311
\Water content percentage, i00x(W4/W5) 43.60 44.48 4542 32.00 31.83
i Chart Title Grain Size Analysis
= Total Wt.(gm) 652.1
\ Sieve size | Wt. Ret. % % —
mm (g.) Retained | €
© \ 2.0 22.1 3.38 96.62
E : 04418 0.425 173.4 26.59 70.03
i 0.075 73.2 11.23 58.80
44 v \ Pan 383.4 58.80 0.00
10 100
Axis Title
LL PL Pl Soil Class
44.48 31.92 12.56 A-7-5(7)
Comments:-
T%stei By
Consultant's
Lab Technician Consultant's PME
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CLIENT

FTHIOPIAN ROAD ADMINISTRATION

CONSULTANT

LEA-LASA-UNICONE

JMC PROJECTS (I) LTD.

ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

CALIFORNIA BEARING RATIO TEST

(AASHTO T 193)

Source : Rorrow Area No.40 @08+800 LHS Date of Sampling: 2/3/2025
Location: Km.08+800 LHS Date of Soaking: 2/10/2025
Propose Used For Earthwork filling Date of Testing: 2/14/2025
Material Discription Dark Brown Clayey Soil Depth (m): 02t03.0m
DENSITY DETERMINATION
SOAKING CONDITION 10 Rlows 30 Blows 65 Blows
Before [ After Before I After Before l After
MOLD NUMBER M-44 M-46 M-4
WEIGIHT OF MOLD 7386 7386 7698 7698 7674 7674
WEIGIHT OF SOIL + MOLD 10056 10636 10602 11228 10822 11208
WEIGITT OF SOII1. 2670 3250 2904 3530 3148 3534
VOLUMi: OFF MOIL.D 2124 2124 2124 2124 2124 2124
WIST DENSITY OFF SOIL 1.26 1.53 1.37 1.66 1.48 1.66
DRY DENSITY OF SOIL 1.07 1.22 1.16 1.36 1.26 1.38
MOISTURE DETERMINATION
CONTAINER NUMBER A-1 A-12 A-26 A-1 A-21 A-7
Wiil' SOIL + CONTAINER (g) 180.80 271.10 298.70 288.50 181.80 309.80
DRY SOIIL + CONTAINER (g) 159.78 225.30 264.41 245.30 160.68 265.30
WEIGHT OFF WATER (g) 21.02 45.80 34.29 43.20 2112 44.50
WEIGH'T OF CONTAINER (g) 37.60 47.80 68.50 52.10 39.30 45.00
WEIGHT OFF DRY SOII. (g) 122,18 177.50 195.91 193.20 121.38 220.30
MOISTURE CONTENT (%) 17.20 25.80 17.50 22.36 17.40 20.20
AVG. MOISTURLE CONTENT (%) 21.50 19.93 18.80
Ring Factor $.03081 PENETRATION TEST DATA
i oad Di;.ll Load Cor. Load [)i:\l Load (kn) Cor. Load l)if\l ¥ onidfed) Cor. Load
PENETRATION (mm) reading (kn) (kn) 1eading (kn) reading (kn)
0 0.0 0 0.0 0 0.0 0

0.64 30.0 0.9 40.0 1.2 60.0 1.8

127 650 | 20 90.0 2.8 150.0 46

1.96 83.0 2.6 130.0 4.0 291.0 9.0

254 1254 95.0 2.9 3.0 165.0 5.1 49 350.0 10.8 11.0

3.18 107.0 33 187.0 5.8 430.0 13.2

3.81 113.0 3.5 205.0 6.3 485.0 14.9

4.45 120.0 T 220.0 6.8 530.0 16.3

5.08 20.22 125.0 3.9 4.0 233.0 1.2 71 591.0

7.62 120.0 4.0 248.0 7.6 650.0

10.16 40.0 4.3 262.0 8.1 750.0

12.7 155.0 4.8 285.0 8.8 810.0
SWELL READING (INITIAL) 16.12 17.40
SWELL REEADING (FINAL) 17.65 18.47
PERCENTAGE SWELL 131 0.92
CBR @ 2.54 mm 22:1 36.2
CBR @ 5.08 mm 19.5 351

Consultant's Lab Technician
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CLIENT
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CONSULTANT
"AUNICENE
| EAR EEaa

LEA-LASA-UNICONE

CONTRACTOR

A\ Z

JMC PROJECTS (I) LTD.

Cooass

ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

CALIFORNIA BEARING RATIO TEST

Density @ 95% Compaction (gm/ccj

1.165

CBR @ 95% Compaction (%)

45.6

Swell @ 95% Compaction (%)

117

Feéted By

Consultant's Lab Technician

(AASHTO T 193)
Source : Raorrow Area No.40 @08+800 LHS Date of Sampling: 2/3/2025
Location: Km.08+800 LHS Date of Soaking: 2/10/2025
Propose Used For Earthwork filling Date of Testing: 2/14/2025
Material Discription Dark Brown Clayey Soil Depth (m): 02t03.0m
MDD (gai/cc) | 1.226] OMC (%) | 1740 |
6 = 10
9 -
3 P2 8 1 //?___
— —%]
4 L 7 -
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Consultant's PME

XXi



CLIENT CONSULTANT CONTRACTOR

A" AUNICENE r
i tli N
ETHIOPIAN ROAD ADMINISTRATION LEA-LASA-UNICONE JMC - LRBCL Joint Venture.

Ethiopia - Djibouti Transport Corridor Project Phase I.
Design & Build of Adama - Km 60 Expressway

SOIL TESTING AND APPROVAL RECORD

SOURCE Borrow Area No.46 @12+600 LHS SAMPLEING DATE 2/10/2025
SAMPLING LOCATION Km.12+600 LHS SAMPLE DEPTH (M) 0.2t03.0m
PURPOSED TO USE For Earthwork filling
MATERIAL DESCRIPTION: Brown clayey Soil
Ne. TEST PERFORMED TEST RESULTS TEST METHODS ACCEPTANCE CRITERIA | APPROVAL STATUS
YES NO
MDD at 100% 1676  glem’ [
AASHTO T-180 Method YES NO
1 | COMPACTION TEST omC 212 % D/ASTM  D1557 . ] a—
YES NO
MDD at 95% 1592 g/em’ i | —
CBR at 95% MDD 9.5 % 5 e No
at 95% K o %5
; . AASHTO 193/ == .=
ASTM D 1883 YES NO
SWELL 140 % <2 ——
AASHTO T-89/50/ YES NO
§ %
LiQUID LIMIT (LL) 38.8 A s <60 Y
= AASHTO T-89/90/ YES NO
pa
3 Atterberg Limits  |PLASTIC LIMIT {PL) 23.9 % ASTM D 4318 ) S
PLASTICITY s % AASHTO T-89/90/ <30 YES NO
INDEX(PI) ’ ASTM D 4318 ===
4 | solLcaracT| SOIL e L
CARACTER CTASSIRCATION A-6(7) AASHTO M 145 1
5 | ORGANIC CONTENT Ul b b
ANIC CO! CLASSIFEATION NA AASHTO T-267-86 <3 F—
Note: Attach individual test records and data sheet
Remarks:
e -
/- Consulfarit's Representative
Wi Date
PME L dfor
iz
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Consultant's Lab Technician

CLIENT i CONSULTANT CONTRACTOR
; UNICENE A \ ¥ e
S -
| — ¢ P N
ETHIOPIAN ROAD ADMINISTRATION I LEA-LASA-UNICONE JMC - LRBCL Joint Venture.
ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)
MAXIMUM DRY DENSITY AND MOISTURE CONTENT
(AASTHO T-180)
Source : Borrow Area No.46 @12+600 LHS Date of Sampling: 2/10/2025
Location: Km.12+600 LHS Date of Testing: 2/12/2025
Propose Used For Earthwork filling Sampled By: Biruk A.
Type of Method: A Tested By: Consultant Lab team
Material Discription Brown clayey Soil Depth (M) 02t03.0m
Description Testl | Testll | Testlll TestlV | TestV
Density Determiiiation
Water Added % 8% 10% 12% 14%
Mass of mould + Wet Soil (g) 10480 10670 10892 10800
Mass of mould, W5 (g) 6580 6580 6580 6580
Mass of wet soil, W7=W6-W5 (g) 3900 4090 4312 4220
Volume of mould, V (cc) 2124 2124 2124 2124
|Buik density, y,, = [(W7-We)V] glcc 1.836 1.926 2.030 1.987 NMC
Moisture Content Determination
Container no D-14 D-28 A-16 D-21 A-20
Mass of container + wet soil, W1 (q) 246.40 296.60 276.20 226.42 248.80
Mass of container + oven dry soii, W2 (g) 214.75 253.60 233.90 189.34 232.10
Mass of Water (g) W3=W1-W2 31.65 43.00 42.30 37.08 16.70
Mass of container, W4 (g) 28.60 28.70 34.20 28.10 29.00
Mass of Dry Soil (g) W5 = W2-W4 186.15 224.90 199.70 161.24 203.10
Moisture Content (%) W6= W3/W5*100 17.00 19.12 21.18 23.00 8.22
Dry density, yg = yn/(100+W86)*100 (g/cc) 1.569 1.617 1.675 1.615 8.22
1.69 -
= : i
| e X
1.67
ot e o e e e PN
1.65
= . i = I N = Z
£ 18 — .~ : =N
2 = v S ) I = = ,,’;/ =i 5 I - S . W 2 £ v
& : == : e
1.59 L1
. LT .
=l
157 T -
16 17 18 19 20 21 22 23 2
wioisture Content
MDD: 1.676 (gm/cc) | OMC: 21.2 % |
Tested By Approved By

Consultani's PME
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CLIENT CONSULTANT 1 CONTRACTOR
=-9%1r | N BT
ETHIOPIAN ROAD ADMINISTRATION LEA-LASA-UNICONE I JMC - LRBCL Joint Venture.
ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)
ATTERBERG LIMITS
(AASTHO T-89/90)
Source Borrow Area No.46 @12+600 LHS Date of Sampling: 2/10/2025
Location: Km.12+600 LHS Date of Testing: 2/12/2025
Propose Used For Earthwork filling Sampled By: Biruk A.
Material Discription Brown clayey Soil Tested By: Consultant Lab team
Desciibtion LIQUID LIMIT PLASTIC LIMIT
FRen Test | Test Il Test IIl Test IV Test | Test Il Avg.
No of blows/Penetration (mm) 34 28 20
Container No C-12 C-11 Cc-19 Cc-23 C-14
Coniainer + Wet soil, W1 (g) 57.7 51.4 52.6 27.4 27
Container + Dry soil, W2 (g) 48.5 43.7 44 .4 26.8 26.46
Weight of Container (g) 236 235 239 243 242 23.95
Weight of water, W4= W1-W2 (g) 9.20 7.70 8.20 0.60 0.54
\Weight of oven dry sample, W5=W3 - W1 (g) 24.90 20.20 20.50 2.50 2.26
Water content percentage, 100x(W4/W5) 36.95 38.12 40.00 24.00 23.89
3 Chart Title Grain Size Analysis
-~ = =] . o S 2=l Total Wt.(gm) 647.8
a0 — — Sieve size | Wt. Ret. % :
mm (g.) Retained 5 Passing
o 39 Nls 2.0 41.7 6.44 93.56
: \ 0.425 127.8 19.73 73.83
338 \ 0.0/5 94.0 14.51 59.32
N Pan 384.3 59.32 0.00
; \\
1 100
Axis Title
LL PL Pl Soil Class
38.78 23.95 i 14.83 A-5(7)
Comments:-
ELL
Tcs‘.c:.i Ey ; Approved By
Consultant's
Lab Technician Consultant's PME
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CLIENT CONSULTANT CONTRACTOR
P
4 2 UNICENE / \ 2
— ] s el S Cotasa
ITHTIOPIAN ROAD ADMINISTRATION LEA-LASA-UNICONE JMC PROJECTS (I) LTD.
ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)
CALIFORNIA BEARING RATIO TEST
(AASHTO T 193)
Source : Borrow Area No.46 @12+600 LHS Date of Sampling: 2/10/2025
Location: Km.12+600 LHS Date of Soaking: 2/12/2025
Propose Used For Earthwork filling Date of Testing: 2/16/2025
|Material Discription Brown clayey Soil Depth (m): 02t03.0m
DENSITY DETERMINATION
SOAKING CONDITION 10 Blows 30 Blows 65 Blows
Before | After Before | After Before | After
MOLD NUMBIER M-27 M-46 M50
WEIGHT OF MOLD 7178 7178 7620 7620 8160 8160
WEIGHT OFF SOIL. + MOLD 11130 11442 11752 12054 12578 12802
WEIGHT OF SOIL. 3952 4264 4132 4434 4418 4642
VOLUME OF MOLD 2124 2124 2124 2124 2124 2124
WET DENSITY OF SOIL 1.86 2.01 1.95 2.09 2.08 219
DRY DENSITY OF SOIL 1.53 1.56 1.61 1.65 1.71 175
MOISTURE DETERMINATION
CONTAINER NUMBER D-28 B-8 D-22 A-1 D-14 A-27
WET SOIL + CONTAINER (g) 282.90 218.30 263.50 195.50 250.60 235.50
DRY S()Il., + CONTAINER (g) 237.75 176.80 222.48 165.30 211.60 196.30
WEIGIHTT OF WATER (g) 4515 41.50 4102 30.20 39.00 39.20
WEIGHT OF CONTAINER (g) 28.70 30.70 29.00 52.20 28.50 36.50
WEIGHT OF DRY SOIL (g) 209.05 146.10 193.48 113.10 183.10 159.80
MOISTURLE CONTENT (%) 21.60 28.41 21.20 26.70 21.30 24.53
AVG. MOISTURIEE CONTENT (%) 25.00 23.95 22.92
Ring Factor 0.03081 PENETRATION TEST DATA
Dial Load Cor. Load Dial 4 a . | Cor. Load Dial i Cor. Load
PENETRATION (mm) A Load reading (kn) (kn) reading road ) (kn) reading Lod- (k) (kn)
0 0.0 0 0.0 0 0.0 0
0.64 5.0 0.2 10.0 0.3 15.0 0.5
1.27 10.0 03 13.0 0.4 - 35.0 1.1
1.96 21.0 0.6 25.0 0.8 60.0 1.8
2.54 13.54 26.0 0.8 0.9 400 1.2 1.3 77.0 2.4 2.3
3.18 35.0 1.1 50.0 1.5 90.0 2.8
3.81 38.0 1.2 57.0 1.8 102.0 3.1
4.45 41.0 1.3 63.0 1.9 108.0 33
5.08 20.22 45.0 1.4 1.4 67.0 2.1 2.0 115.0 3.5 3.5
7.62 52.0 1.6 72.0 2.2 122.0 3.8
10.16 60.0 1.8 79.0 2.4 132.0 4.1
12.7 68.0 2.1 85.0 2.6 145.0 4.5
SWIELL READING (INTTIAL) 2.90 3.89 3.80
SWELL READING (FINAL) 4.50 5.85 5.12
PERCENTAGI SWELL 1.37 1.68 1.13
CBR @ 2.54 mm 6.3 92 17.0
CRBR @) 5.08 mm 6.7 9.6 . 17.1
E cslcg By Approved By
Consultant's Lab Technician Consultant's PME
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CLIENT CONSULTANT CONTRACTOR
T AUNICERE V4
[EATIIES =
Ny
ETHIOPIAN ROAD ADMINISTRATION LEA-LASA-UNICONE JMC PROJECTS (I) LTD.,

ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

CALIFORNIA BEARING RATIO TEST

(AASHTO T 193)

Source : Borrow Area No.46 @12+600 LHS Date of Sampling: 2/10/2025
Location: ) Km.12+600 LIS Daie of Soaking: 2/12/2025
Propose Used For Earthwork filling Date of Testing: 2/16/2025
Material Discription Brown clayey Soil Depth (m): 02t03.0m
MDD (gm/cc) | 1.676] OMC (%) [ 2119 |
3 — ; 3
I L
25 i BRE=EE Y
R [ : 1 # [ 11
2 4 n L LS | 2 e L
i - /é/ i i i |9
L1 | | 3 /
15 + == V4 i
T = o
1 | 4&/ 1 |
h 7 : / |
‘ /{f 11 ;
0.5 - ! i &
5 T
BB N s o 0 1 [ 11
0 4 i ] WEE ] o L
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
—
5 . i 24.0 =
5 1 220 -~
L= | == S==2
" ] » L L 20.0 = Eag=: B
==~ i 180 £ =
! P;/ ‘ 16.0 e gEss=ooo==c cocoommses
3 —————a’/”' EEENEE. 140 FEEEEEEEE EEEEEEE -
12,0 =
e i / 10.0 -
2 411 -
; ‘ 8.0 SeordE
6.0 71—
1177 - 4.0 S . =
S 2.0
0 } 2 0.0 i
0 1 2 3 4 5 6 7 8 9 1011 12 13 14 120 130 140 150 160 170 1.80 1.90
Density @ 95% Compaction (gm/cc) 1.592
CBR @ 95% Compaction (%) 9.5
Swell @ 95% Compaction (%) 1.40

Consultant's Lab Technician

e

Approved By
Consultant's PME
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CLIENT

ETHIOPIAN ROAD ADMINISTRATION

CONSULTANT

LEA-LASA-UNICONE

CONTRACTOR

A ¥ 2 4
A Z

JMC - LRBCL Joint Venture.

Ethiopia - Djibouti Transport Corridor Project Phase I.
Design & Build of Adaima - Km 60 Expressway

SOIL TESTING AND APPROVAL RECORD

SOURCE Borrow Area No.45 @19+400 LHS SAMPLEING DATE 2/10/2025
SAMPLING LOCATION Km.19+400 LHS SAMPLE DEPTH (M) 0.2t03.0m
PURPOSED TO USE For Earthwork filling
MATERIAL DESCRIPTION: Yellowish Clayey Soil
No. TEST PERFORMED TEST RESULTS TEST METHODS ACCEPTANCE CRITERIA | APPROVAL STATUS
YES NO
MDD at 100% 1.526  g/em® o —
AASHTO T-180 Method YES NO
1 | COMPACTION TEST omC 256 % BPASTM  DASS? —  —
YES NO
MDD at 95% 1450  g/em’ -]
CBR at 95% MDD 203 % 5 i il
at o E >
2 CRR AASHTO 193/ : :’
B SWELL 131 % i 2 s i
. <
’ o () n—|
AASH10 T-89/90/ YES NO
{ 3 %
LIQUID LIMIT {LL) 50.7 il e <60 — —
. AASHTO T-89/90/ YES NO
hara 32,
3 Atterberg Limits | PLASTIC LIMIT (PL) 027 % T S §
PLASTICITY orh % AASHTO T-89/90/ 250 YES NO
INDEX(PI) : ASTM D 4318 =] ]
% SOIL YES NO
SOIL CARACTER CASSTFRATION A-7-5(5) AASHTO M 145 ) —
5 RGANI NTENT SalL TO T-267-86 3 e i
e CLASSIFICATION o AR . — Y —

Remarks:

Note: Attach individual test records and data sheet

Consultant?s\\g\presentative

PME

e
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CLIENT
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CONTRACTOR
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| JMC - LRBCL Joint Venture.

ETHIOPIA-DJIBOUTI TRANSPORT CORRIDGR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

MAXIMUM DRY DENSITY AND MOISTURE CONTENT

(AASTHO T-180)

Source : Borrow Area No.45 @19+400 LHS Date of Sampling: 2/10/2025
Locaiion: Km.19+400 LHS Date of Testing: 2/12/2025
Propose Used For Earthwork filling Sampled By: Biruk A.
Type of Method: A Tested By: Consultant Lab Team
Material Discription Yellowish Clayey Soil Depth (M) 0.2t03.0m
Description Testl | Testll |  TestIll TestlV | TestV
Density Determination
Water Added % 8% 10% 12% 14%
Mass of mould + Wet Soil () 10254 10464 10612 10632
Mass of mould, W5 (g) 6540 6540 6540 6540
Mass of wet soil, W7=W6-W5 (g) 3714 3924 4072 4092
Volume of mould, V (cc) 2124 2124 2124 2124
Bulk dersity, y, = [(W7-W6)/V] glcc 1.749 1.847 1.917 1.927 NMC
Moisture Content Determination
Container no B-4 A1 A-13 D A-10
Mass of container + wet soil, W1 (g) 295.80 341.90 329.30 359.10 282.10
Mass of container + oven dry soil, W2 (g) 248.64 286.56 271.08 293.80 254.40
Mass of Water (g) W3=W1-W2 47.16 55.34 58.22 65.30 27.70
Mass of container, W4 (g) 29.30 52.10 44.10 67.60 51.10
Mass of Dry Soil (g) W5 = W2-W4 219.34 234.46 226.98 226.20 203.30
Moisture Content (%) W6= W3/W5*100 21.50 23.60 25.65 28.87 13.63
Dry density, yq = ¥,/(100+W6)*100 (g/cc) 1.439 1.495 1.526 1.495 13.63
154 — » . TT = - TT T T
i ] e L i 0 0 o Do - %1 i i e
152 ¢ =4 2 = e S + 1
LA~ P~
1 ™
1.50 T I ) /‘77 - L bt k"’\'i; I i
g A
éS 1.48
g A 5 I = &
140 == / 5 = = i
” ’// -
1.44 -
1.42
21 22 23 24 25 26 2 28 29 30
Maisture Content
MDD: 1.526 (gm/cc) | OMC: 25.6 % |
HEWI
Tested By Approved By
Consultant's
Lab Technician Consultant's PME

XXviii



CLIENT
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ETHIOPIAN ROAD AUTHORITY

CONSULTANT 3 CONTRACTOR
|
¥ 3 uniICENE } \ —
—_— 0 S, e

LEA-LASA-UNICONE

|

| JMC - LRBCL Joint Venture.

ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

ATTERBERG LIMITS
(AASTHO T-89/90)
Sodrce: Borrow Area No45 @19+400 LHS | pgte of Sampling: 2/10/2025
Location: Km.19+400 LHS Date of Testing: 2/12/2025
Propose Used For Earthwork filling Sampled By: Biruk A.
Material Discription Yellowish Clayey Soil Tested By: Consultant Lab Team
Description LIQUID LIMIT PLASTIC LIMIT
P Test | Test Il Test Il Test IV Test | Test Il Avg.
No of blows/Penetration (mm) 35 28 18
Container No C-8 C-12 C-13 C-15 C-16
Container + Wet soil, W1 (g) 57.3 55.2 55 28.9 28.2
Container + Dry soil, W2 (g) 46.21 445 44,58 28.08 27.32
Weight of Container (g) 23.8 23.4 243 256 24.6 32.71
Weight of water, Wa= W1-W2 (g) 11.09 10.70 10.42 0.82 0.88
Weight of oven dry sample, W5=W3 - W1 (g) 22.41 21.10 20.28 2.48 2.72
Water content percentage, 100x(W4/W5) 49.49 50.71 51.38 33.06 32.35
& Chart Title Grain Size Analysis
Total Wt.(gm 658.8
3\ Sieve size | Wt. Ret. % " b
e N ] mm (g.) Retained | * &
@ A\, sl 2.0 1057 | 1604 83.96
F il 0.425 154.3 23.42 60.53
3 0.075 101.5 15.41 45.13
50 \\ Pan 2973 | 45.13 0.00
@
49
10 100
Axis Title
LL PL Pl | Soil Class
50.65 32.71 17.94 | A-7-5(5)
Comments:-

TeSled By
Consultant's
Lab Technician

Consultant's PME
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LETHIOPIAN ROAD ADMINISTRATION LEA-LASA-UNICONE JMC PROJECTS (I) LTD.

ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

CALIFORNIA BEARING RATIO TEST
(AASHTO T 193)

Source : Borrow Area No.45 @19+400 LHS Date of Sampling: 2/10/2025
Location: Km.19+400 LHS Date of Soaking: 2/13/2025
Propose Used For Earthwork filling Date of Testing: 2/17/2025
Material Discription Yellowish Clayey Soil Depth (m): 0.2t03.0m
DENSITY DETERMINATION
SOAKING CONDITION 10 Blows 30 Blows 65 Blows
Before I After Before ] After Before I After
MOLD NUMBER M-14 M-32 M-52
WEIGH1 OF MOLD 7808 7808 7280 7280 7720 7720
WEIGHT OF SOIL. + MOLD 11296 11766 11164 11520 11835 12058
WEIGIHT OF SOII. 3488 3958 3884 4240 4115 4338
VOLUME OF MOLD 2124 2124 2124 2124 2124 2124
WIET DENSITY OF SOIL 1.64 1.86 1.83 2.00 1.94 2.04
DRY DENSITY Ol SOI1. 1.31 1.41 1.46 1.54 1.54 1.60
MOISTURE DETERMINATION
CONTAINER NUMBER B-9 D-5 B-1 D-7 A-8 D-6
WIIT SOIL + CONTAINER (g) 209.80 213.90 206.90 203.20 312.60 194.30
DRY SOIIL + CONTAINER (g) 173.61 168.00 171.11 162.56 260.06 158.16
WEIGHTT OF WATER (g) 36.19 4590 3579 T 40.64 52.54 36.14
WEIGHT OF CONTAINER (g) 30.60 27.20 30.20 27.10 56.00 27.20
WEIGHT OF DRY SOIL (g) 143.01 140.80 140.91 135.46 204.06 130.96
MOISTURIL CONTEN'T (%) 2531 32.60 25.40 30.00 25.75 27.60
AVG. MOISTURIE CONTEN'T (%) 28.95 27.70 26.67
Ring Facior 0.03081 PENETRATION TEST DATA
Srd. Load l)i:lnl l,o:\\d Cor. Load I)i?.l Load (kn) Cor. Load Di'txl Load (ks (Inr,; l.‘o:\d
PENETRATION (mm) reading (k) (kn) reading 3 (kn) reading (kn)
o 0.0 0 0.0 O 0.0 0
0.64 6.0 0.2 7.0 0.2 13.0 0.4
1.27 - 25.0 0.8 30.0 0.9 33.0 1.0
1.96 45.0 1.4 55.0 1.7 60.0 1.8
2.54 13.54 68.0 2.1 1.9 105.0 3.2 29 119.0 37 32
3.18 74.0 2.3 120.0 3.7 130.0 4.0
3.8 80.0 2.5 135.0 4.2 145.0 4.5
4.45 86.0 2.6 145.0 4.5 165.0 5.1
5.08 20.22 95.0 2.9 2.9 148.0 4.6 4.5 175.0 5.4 512
7.62 109.0 3.4 161.0 5.0 197.0 6.1
10.16 121.0 a1 176.0 5.4 216.0 6.7
12.7 136.0 4.2 188.0 5.8 234.0
SWELL READING (INTTTAL) 4.13 4.68
SWELL READING (FINAL) 5.96 6.20
PERCENTAGE SWELL 1.57 i.31
CBR @ 2.54 mm 13.7 21.4
CBR @ 508 mm 14.3 22.3

sted By
Consultant's Lab Technician

Consultant's PME
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CONSULTANT CONTRACTOR
ANF A UNICENE -
=31r1 2
i
ETHIOPIAN ROAD ADMINISTRATION LEA-LASA-UNICONE JMC PROJECTS (I) LTD.

ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

CALIFORNIA BEARING RATIO TEST
(AASHTO T 193)

Source : Borrow Arca No.45 @19+400 LHS Date of Sampling: 2/10/2025
[Location: Km.19+400 LHS Date of Svaking: ) 2/13/2025

Propose Used For Earthwork filling Date of Testing: 2/17/2025

Material Discription Yellowish Clayey Soil Depth (m): 0.2t03.0m

MDD (gm/cc) | 1.526] OMC (%) | 25.60 |
5 8
4.5 — 1 e 7 ——]
>
4 —1— —— e e B
T e EEE s . : . I
5 1= : == = =T
3 /;./_ 5 T L d
25 === 4 - -
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15 ==k /i
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& = — 1 A8 [
0.5 = = 2 S S : b A RS Lk
0 ® 2 = { 0 &= i i L lid B |
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
40.0
10 v !
5 | Ly L 0 B e
| i 4
8 1 [ ‘ 30.0 o -
|1 & | | 57
4 =y 25.0 /‘/
6 -—— ————— /4; o
b1 | ‘ 20,0
5 Y= — 1 i
4 10 ; | ] { ks 150 :,,,/,‘,A:‘
£ ‘ ¢ f
3 A f | | ! ;
Z 10.0 i
2 /]
| | 5.0
1 @ =11
0 ® = L d 0.0
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 1.10 1.20 130 140 150 1.60 1.70 1.80 1.90
Density @ 95% Compaction (gm/cc) 1.450
CBR @ 95% Compaction (%) 20.3
Swell @ 95% Compaction (%) 1.31

Tested By

Consultant's Lab Technician

Approved By
Consultant's PME




CLIENT CONSULTANT CONTRACTOR
AT BunicENE / \
wEPY NN
ETHIOPIAN ROAD ADMINISTRATION LEA-LASA-UNICONE JMC - LRBCL Joint Venture.

Ethiopia - Djibouti Transport Corridor Project Phase I.
Design & Buiid of Adamia - Km 60 EXpressway

SOIL TESTING AND APPROVAL RECORD

SOURCE Cut Section 26+900 to 27+000 FW SAMPLEING DATE 2/12/2025
SAMPLING LOCATION Km.26+950 CL SAMPLE DEPTH (M) Cut Section
PURPOSED TO USE For Suitability Cheking
MATERIAL DESCRIPTIGN: Yellowish Clayey Soii
No. TEST PERFORMED TEST RESULTS TEST METHODS ACCEPTANCE CRITERIA | APPROVAL STATUS
YES NO
MDD at 100% 1403 g/em? )
AASHTO T-180 Method YES NO
E %
1 | COMPACTION TEST omc 19.3 DIASIM. Dissy = i
YES NO
MDD at 95% 1333 g/em? e
R at 95% MDD 20.0 = ——
CBR at 95% MD g % >5
2 CBR AASHTO 193/ : :
ASTM D 1883 s YES NO
SWELL 072 % < e i
AASHTO T-89/90/ YES NO
LIQUID LIMIT (LL) 363 % ASTM D438 <60 =
5 - AASHTO T-89/90/ YES NO
3 Atterberg Limits | PLASTIC LIMIT (PL) 24.0 % ASTM 54318 :] :}
PLASTICITY HE % AASHTO T-89/90/ 255 YES NO
INDEX{P!} ; ASTM D 4318 = L —=
4 SOIL CARACTE! i A 5 - =
L CARACTER CLASSIFIGATION -2-6 AASHTO M 14 =i =
: st . As Per ERA YES NO
5 Grading Modules | Grain Size Analysis| 1.2 ShecifEatan >0.75 E 11—

Note: Attach individual test records and data sheet

Remarks:

Consultant's Representative

Siwmre Date

PME

% ¢/54/Lr

REC-5QP.01-07-01-VO
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CLIENT

ETHIOPIAN ROAD ADMINISTRATION

CONSULTANT

LEA-LASA-UNICONE

CONTRACTOR

JMC - LRBCL Joint Venture.

ETHIOPIA-DJIBOUTiI TRANSPORT CORRIDOR PROJECT

(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

MAXIMUM DRY DENSITY AND MOISTURE CONTENT

(AASTHO T-180)
Source : Cut Section 26+900 to 27+000 FW Date of Sampling: 2/12/2025
Location: Km.26+950 CL Date of Testing: 2/14/2025
Propose Used For Suitability Cheking Sampled By: Biruk A.
Type of Method: A Tested By: Consultant Lab Team
Material Discription Yellowish Clayey Soil Depth (M) Cut Section
Description Testl [ Testll [ Testll TestlV | TestV
Density Determination
Water Added % 10% 12% 14% 16%
Mass of mould + Wet Soil (g) 10075 10255 10420 10395
Mass of mould, W5 (g) 6565 6565 6565 6565
[Mass of wet soil, W7=W6-W5 (g) 3510 3690 3855 3830
[Volume of mould, V (cc) 2303 2303 2303 2303
Bulk densily, y,= [(W7-W6)/V] glcc 1.524 1.602 1.674 1.663 NMC
Moisture Content Determination
Container no 2-80 2-30 2-26 K-31 K-65
Mass of container + wet soil, W1 (g) 288.70 294.70 298.60 287.70 256.10
Mass of container + oven dry soil, W2 (g) 255.20 255.80 254.80 242.00 245.30
Mass of Water (g) W3=W1-W2 33.50 38.90 43.80 45.70 10.80
Mass of container, W4 (g) 27.60 28.90 28.00 26.90 28.10
[Mass of Dry Soil (g) W5 = W2-W4 227.60 226.90 226.80 215.10 217.20
Moisture Content (%) #6= W3/W5*100 14.72 17.14 19.31 2125 497
Dry density, yg = y,/(100+W6)*100 (g/cc) 1.329 1.368 1.403 1.372 4.97
1.42
140 ——
1, P ¥ <<
\
1 | N
= 1.38 i » [
| L | T
a pe
g 136 P
LV
LA
134
L1
‘/
132
11 15 16 17 18 19 20 21 22 23
Moisture Content
MDD: 1.403 (gm/cc) | OMC: 1931 %

Consultant's Lab Technician

i tonsultant‘s PME
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CLIENT

ETHIOPIAN ROAD ADMINISTRATION

CONTRACTOR

CONSULTANT
V"3 uniCENE By ==
— 301 e I

LEA-LASA-UNICONE

JMC - LRBCL Joint Venture.

ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

ATTERBERG LIMITS
(AASTHO T-89/90)
Soiieas Cut Section 26+900 t0 27+000 FW | pate of Sampling: 2/12/2025
Location: Km.26+950 CL Date of Testing: 1/14/2025
Propose Used For Suitability Cheking Sampled By: Biruk A.
Material Discription Yellowish Clayey Soil Tested By: Consultant Lab Team
I LIQUID LIMIT PLASTIC LIMIT
P Test | Test Il Test Il Test IV Test | Test Il Avg.
No of blows/Penetration (mm) 32 23 18
C: No C-5 C-15 C-49 C-80 C-13
Cuntainer + Wet soil, W1 (g) 56.9 59.7 54.6 28.5 29.2
C + Dry soil, W2 (g) 48.7 50.7 46.1 27.6 28.3
Weight of Container (g) 247 25.6 241 23.8 246 24.00
Weight of water, W4= W1-W2 (g) 8.20 9.00 8.50 0.90 0.90
Weight of oven dry sample, W5=W3 - W1 (g) 24.00 25.10 22.00 3.80 3.70
Water content percentage, 100x(W4/W5) 34.17 35.86 38.64 23.68 24.32
Chart Titie Grain Size Analysis
= Total Wt.(gm) 1295.(
39 Sieve size | Wt. Ret. % % Cum %
38 mm (g.) Retained | Retained Passing
2 57 e 2.0 139.0 10.73 10.73 89.27
= — N | 0.425 457.3 3531 46.05 53.95
PR e——— — NG 0.075 281.7 21.75 67.80 32.20
e Grading Modules 1.246
34 \
33
i0 100
Axis Title
LL PL Pl Soil Class
36.30 24.00 12.30 A-2-6

Corniments:-

Consultant's
Lab Technician

Consultant's PME
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ISTHIOPIAN ROAD ADMINISTRATION

CONSULTANT

LEA-LASA-UNICONE

=319

UNICSENE
'4\

L

CONTRACTOR
P

JMC PROJECTS (I) LTD.

ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

CALIFORNIA BEARING RATIO TEST

{AASHTO T 193)
Source : Cut Section 26+900 to 27+000 FW Date of Sampling; 2/12/2025
Location: Km.26+950 CL Date of Soaking: 2/15/2025
Propose Used For Suitability Cheking Date of Testing: 2/19/2025
Material Discription Yellowish Clayey Soil Depth (m): Cut Section
DENSITY DETERMINATION
SOAKING CONDITION 10 Blows 30 Blows 65 Blows
Before | After Before | After Before | After
MOLD NUMBIER M-16 M-33 M-28
WEIGHT OF MOLD 7215 7215 7210 7210 7140 7140
WEIGHT OF SOIL + MOLD 10495 11025 10790 11190 10950 11265
WEIGH1 OIF SOIL 3280 3810 3580 3980 3810 4125
VOLUME OF MOLD 2243 2243 2243 2243 2243 2243
WIET DENSITY OF SOIL 1.46 1.70 1.60 1% 1.70 1.84
DRY DENSITY OF SOIL. 1.22 1.40 1.34 1.47 1.42 1.53
MOISTURE DETERMINATION
CONTAINER NUMBER M-15 C-100 7-26 M-90 Z-80 D-12
WET SOIL + CONTAINER (g) 271.50 333.30 258.90 334.40 279.60 302.70
DRY SOIL + CONTAINER (g) 231.68 280.50 221.70 282.20 239.00 257.00
WEIGHT OF WATIE 39.82 52.80 37.20 52.20 40.60 45.70
WEIGIHT OF CONTAINER (g) 27.50 29.00 28.00 30.00 27.60 30.00
WEIGHT OF DRY SOIL. (g) 204.18 251.50 193.70 252.20 211.40 227.00
MOISTUK NTENT (%) 19.50 20.99 19.20 20.70 19.21 20.13
AVG. MOISTURE CONTEN'T (%) 20.25 19.95 19.67
Ring Factor 0.03161 PFPENETRATION TEST DATA
Std. Load l)i:‘|1 l.oad Cor. Load Dial Load (ka) (:orv. Load l)i?l Load (kn) Cor. Load
PENETRATION (mm) reading (kn) (kn) reading (kn) reading (kn)
0 0.0 0 0.0 n 0.0 0
0.64 9.0 0.3 15.0 0.5 25.0 0.8
1.27 15.0 0.5 34.0 1. 65.0 2.1
1.96 19.0 0.6 57.0 1.8 110.0 3.5
2.54 13.54 24.0 0.8 0.7 75.0 2.4 2.4 160.0 5.1 4.7
3.18 26.0 0.8 92.0 2.9 190.0 6.0
3.81 28.0 0.9 103.0 3.3 212.0 6.7
4.45 29.0 0.9 112.0 3.5 225.0 21
5.08 20.22 30.0 0.9 1.1 118.0 3.7 3.7 231.0 7.3 7.4
7.62 40.0 1.3 125.0 4.0 248.0 7.8
10.16 48.0 1.5 135.0 4.3 256.0 8.1
12.7 56.0 1.8 148.0 4.7 268.0 8.5
SWELL READING (INTTIAL) 0.52 0.45
SWELL READING (FINAL) 1.62 1.22
PERCENTAGL SWELL 0.95 £.66
CBR @ 2.54 mm 53 17.6
CBR @ 5.08 nun 53 18.2

Consultant's

Lab Technician

" Consultant's PME
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CLIENT

ETHIOPIAN ROAD ADMINISTRATION

CONSULTANT

==31r

LEA-LASA-UNICONE

CONTRACTOR

-

} \ e
f e R LYY

JMC PROJECTS (1) LTD.

ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

CALIFORNIA BEARING RATIO TEST

(AASHTO T 193)

Source : Cut Section 26+900 to 27+000 FW Date of Sampling: 2/12/2025
Location: Km.26+950 CL Date of Soaking: 2/15/2025
[Propose Used For Suitability Cheking Date of ‘I'esting: 2/19/2025
[Material Discription Yellowish Clayey Soil Depth (m): Cut Section
MDD (gm/cc) | 1.403] OMC (%) [ 1931 |
D apipe S 5
| 2
W | LT
” / - 4 - - = -
J e d
= i 3 ba }/ 8
1 - 11 Al
9’6 . i |
B b |
05 | f/IY W .
7’ 1 AAAQ,,% EESESSS
0 ko : | 0 Lk ‘
0 1 2 3 45 67 8 9 10 11 12 13 14 0 1 2 3 4:.5-6 7 89 10-11-12 13 14
60.0
| |
10 T 50.0 :
1 | { =5 /
8 P 40.0
¢ i | | A / PSR
6 1 A —— 30.0
S e T S A2 S— — 5 |
4+ i e e i S 20.0
e 1 ‘ >
2 < I 10.0 —
> l i
0 0.0
0 1 2 3 4 5 6 7 8 9 1011 12 13 14 1.00 120 1.40 1.60

Density @ 95% Compaction (gm/cc) 1.333
CBR @ 95% Compaction (%) 20.0
Swell @ 95% Compaction (%) 0.72

"ml- ......
Tested By
Consultant’s
Lab Technician

Approved By

Consultant's PME




CLIENT

ETHIOPIAN ROAD ADMINISTRATION

CONSULTANT

" AUNICENE

LEA-LASA-UNICONE

CONTRACTOR

L NS

JMC - LRBCL Joint Venture.

Ethiopia - Djibouti Transport Corridor Project Phase I.
Design & Build of Adama - Km 60 Expressway

SOIL TESTING AND APPROVAL RECORD

SOURCE Borrow Area No.06 @29+500 RHS SAMPLEING DATE 2/3/2025
SAMPLING LOCATION Km.29+500 RHS SAMPLE DEPTH (M) Production
PURPOSED TO USE For Earthwork filling
MATERIAL DESCRIPTION: Red Ash
No. TEST PERFORMED TEST RESULTS TEST METHODS ACCEPTANCE CRITERIA | APPROVAL STATUS
YES NO
MDD at 100% 1.354  g/em® — —
AASHTO T-180 Method YES NO
A 6 %
1 | COMPACTION TEST omC 10 D/ASTM D 1557 ] ==
le=——rork ———
YES NO
MDD at 95% 1.286  g/em® I
ot 955% 5 YES NO
CBR at 95% MDD 19. % >5
, o AASHTO 193/ ] =
ASTM D 1883 YES NO
SWELL 0.08 % <2 ) m—
AASHTO T-89/90/ YES NO
LIQUID LIMIT (LL) Np % el <60 e T
— AASHTO T-89/90/ YES NO
3 Atterberg Limits PLASTIC LIMIT (PL) NP % ASTM D 4318 [: ‘:
PLASTICITY - % AASHTO T-89/90/ <30 e no
INDEX(PI) ) ASTM D 4318 —/
4 | SOILCARACTER S0 2-4(0 AASHTO M 14 1 NO
T CLASSIFICATION A=2H0L A e |
GANIC CONTENT SOl 3 = i
5 | ORGANICCONTENT |\ cccarion NA AASHTO T-267-86 < s ] —

Remarks:

Note: Attach individual test records and data sheet

vy DELHL 0 |

Consulta

|
J
A 4’5 Representative

7 % ‘.>/ Si}@lurc

Date

PME

i

=) 121 24

¢

i
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CLIENT

ETHIOPIAN ROAD AUTHORITY

CONSULTANT

LEA-LASA-UNICONE

CONTRACTOR

JMC - LRBCL Joint Venture.

ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT

(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

(AASTHO T-180)

MAXIMUM DRY DENSITY AND MOISTURE CONTENT

Consultant’s
Lab Technician

Consultant's PME

Source : Borrow Area No.06 @29+500 RHS  |Date of Sampling: 2/3/12025
Location: Km.29+500 RHS Date of Testing: 2/5/2025
Propose Used For Earthwork filling Sampled By: Biruk A.
Type of Method: A Tested By: Consultant Lab Team
Material Discription Red Ash Depth (M) Production
Description Testl | Testll | Testlll TestlV | TestV
Density Determination
Water Added % 0% 2% 4% 6%
Mass of mould + Wet Soil (g) 7995 8120 8230 8250
Mass of mould, W5 (g) 5050 5050 5050 5050
Mass of wet soil, W7=W6-W5 (g) 2945 3070 3180 3200
Volume of mould, V (cc) 2124 2124 2124 2124
|Bulk density, y, = [(W7-W6)/V] glcc 1.387 1.445 1.497 1.507 MC
Moisture Content Determination
Container no A-17 A-7 A-3 A-19 A-9
Mass of container + wet soil, W1 (g) 248.66 232.32 225.44 225.07 205.59
Mass of container + oven dry soil, W2 (g) 235.50 216.75 207.38 203.48 195.06
Mass of Water (g) W3=W1-W2 13.16 15.57 18.06 21.59 10.53
[Mass of container, W4 (g) 37.10 35.71 36.98 34.79 35.53
Mass of Dry Soil (g) W5 = W2-W4 198.40 181.04 170.40 168.69 159.53
Moisture Content (%) W6= W3/W5*100 6.63 8.60 10.60 12.80 6.60
Dry density, ys = y/(100+W86)*100 (g/cc) 1.300 1.331 1.354 1.336 6.60
1.36 T T :
134 A \\\ -
/h// s
) =
B 1.32
2 7
5 //
.,/'/ i 11 il
1.30
1.28
6 8 9 10 11 12 13
Moisture Content
MDD: 1.354 (gm/cc) | OMC:
Tested By

XXXViii



CLIENT

ETHIOPIAN ROAD AUTHORITY

CONSULTANT

"AUNICENE
=31

LEA-LASA-UNICONE

' CONTRACTOR

1N

‘ JMC - LRBCL Joint Venture.

ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

ATTERBERG LIMITS

(AASTHO T-89/90)

Source | Borrow Area No.06 @29+500 RHS  |pate of Sampling: 2/3/2025
Location: Km.29+500 RHS Date of Testing: 2/6/2025
Propose Used For Earthwork filling Sampled By: Biruk A.
Material Discription Red Ash Tested By: Consultant Lab Team
N LIQUID LIMIT PLASTIC LIMIT
Description
Testl | Testll [ Testll [ Testlv Test | Test I Avg.

No of blows/Penetration (mm)

Container No

Container + Wet soil, W1 (g)

Container + Dry soil, W2 (g)

Weight of Container (g)

\Weight of water, W4=W1-W2 (g)

\Weight of oven dry sample, W5=W3 - W1 (g)

Water content percentage, 100x(W4/W5)

NP

Grain Size Analysis
Total Wt.(gm) 1438.7
Sieve size [ Wt. Ret. % % Passing
mm (g.) Retained
2.0 372.1 25.86 74.14
N P 0.425 323.6 22.49 51.64
0.075 296.2 20.59 31.06
Pan
LL PL [ Pl | Soil Class
Np NP | NP | A -2-4(0)

Comments:-

Consultant's
Lab Technician

Consultant's PME
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CLIENT CONSULTANT CONTRACTOR
2 unicENE / \ =
TN | L\
ETHIOPIAN ROAD ADMINISTRATION LEA-LASA-UNICONE JMC PROJECTS (I) LTD.
ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)
CALIFORNIA BEARING RATIO TEST
(AASHTO T 193)
Source : Borrow Area No.06 @29+500 RHS Date of Sampling: 2/3/2025
Location: Km.29+500 RHS Date of Soaking: 2/6/2025
Propose Used For Earthwork filling Date of Testing: 2/10/2025
|Material Discription Red Ash Depth (m): Production
DENSITY DETERMINATION
SOAKING CONDITION 10 Blows 30 Blows 65 Blows
Before I After Before I After Before I After
MOLD NUMBER M-29 M-34 M-37
WEIGHT OF MOLD 7465 7465 7870 7870 7895 7895
WEIGHT OF SOIL + MOLD 10365 10880 11080 11505 11295 11620
WEIGHT OF SOIL 2900 3415 3210 3635 3400 3725
VOLUMLE OF MOLD 2124 2124 2124 2124 2124 2124
WET DENSITY OF SOIL 1.37 1.61 1.51 1.71 1.60 1.75
DRY DENSITY OF SOIL 1.24 1.37 137 1.49 1.45 1.55
MOISTURE DETERMINATION
CONTAINER NUMBER B-15 A-1 B-3 A-7 B-10 A-8
WET SOIL + CONTAINER (g) 225.22 168.33 212.02 181.53 228.49 183.56
DRY SOIL + CONTAINER (g) 206.76 149.32 195.09 162.43 209.86 166.22
WEIGHT OF WATER (g) 18.46 19.01 16.93 19.10 18.63 17.34
WEIGHT OF CONTAINER (g) 29.28 37.50 32.32 36.80 34.14 32.80
WEIGHT OF DRY SOIL (g) 177.48 111.82 162.77 125.63 175.72 133.42
MOISTURE CONTEN'T (%) 10.40 17.00 10.40 15.20 10.60 13.00
AVG. MOISTURE CONTENT (%) 13.70 12.80 11.80
Ring Factor 0.19752 PENETRATION TEST DATA
. Dial Load Cor. Load Dial Cor. Load Dial Cor. Load
PENETRATION (mm) HERLows reading (kn) (kn) reading o le) (kn) reading Lont. (ko) (kn)
0 0.0 0 0.0 0 0.0 0
0.64 1.8 0.4 2.4 0.5 9.0 1.8
1.27 4.0 0.8 4.6 0.9 19.0 3.8
1.96 6.0 1.2 6.0 1.2 29.8 5.9
2.54 13.54 8.8 1.7 2.0 9.8 1.9 2.5 36.4 7.2 7.2
3.18 11.8 2.3 15.7 3 42.4 8.4
3.81 14.0 2.8 22.0 4.3 50.2 9.9
4.45 16.0 32 24.6 4.9 57.2 11.3
5.08 20.22 17.8 3.5 3.3 28.2 5.6 5.0 64.0 12,6 11.8
7.62 20.0 4.0 36.1 g5 72.4 14.3
10.16 23.1 4.6 41.2 8.1 79.0 15.6
12.7 252 5.0 46.6 9.2 85.6 16.9
SWELL READING (INITIAL) 2.95 4.28 2.02
- READING (FINAL) 3.14 4.35 2.03
PERCENTAGE SWELL 0.16 0.06 0.01
CBR @ 2.54 mm 14.4 18.5 53.2
CBR @ 5.08 mm 16.1 24.7 75 SOURN, 58.4
Tested By
Consultant’s Lab Technician

x|



CLIENT CONSULTANT CONTRACTOR
"AUNICENE y 4
AR =
== =
ETHIOPIAN ROAD ADMINISTRATION LEA-LASA-UNICONE JMC PROJECTS (I) LTD.
ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)
CALIFORNIA BEARING RATIO TEST
(AASHTO T 193)
Source : Borrow Area No.06 @29+500 RHS Date of Sampling: 2/3/2025
Location: Km.29+500 RHS Date of Soaking: 2/6/2025
Propose Used Ifor Earthwork filling Date of Testing: 2/10/2025
Material Discription Red Ash Depth (m): Production
MDD (gm/cc) | 1.354] OMC (%) [ 1060 |
6 12
11
5 S 10—~
) o £ )
4 ——% ] -
SZ6e t s
3 7 " 8 !
R 5 et %
2 W P % 4
JPei :
S d
1 2 o
G 7 b i
0 2 0 i T
0 1 2 3 4 5 6 7 8 9 1011 12 13 14 01 23 45 6 7 8 9 1011 12 13 14
80.0
30 15
70.0 .
= 60.0 /.
20 50.0 > -
18 1L - 40.0
= = /
5 o 30.0 CHHE
10 /
= 200 e RRAVE &8
== @
g Pl 0/
7 10.0 S
0 = l 0.0
01 2 3 4 5 6 7 8 9 10 11 12 13 14 1.00 110 1.20 1.30 1.40 1.50 1.60 1.70 1.80 1.90

Density @ 95% Compaction (gm/cc) 1.286
CBR @ 95% Compaction (%) 19.0
Swell @ 95% Compaction (%) 0.08

Tested By
Consultant's Lab Technician

Approved By
Consultant's PME
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CLIENT

ETHIOPIAN ROAD ADMINISTRATION

CONSULTANT

/\

LEA-LASA-UNICONE

CONTRACTOR

} \ ==
-~

i

JMC - LRBCL Joint Venture.

Ethiopia - Djibouti Transport Corridor Project Phase I.
Design & Build of Adama - Km 68 Expressway

SOIL TESTING AND APPROVAL RECORD

SOURCE MAJOR BRIDGE @34+262 SAMPLEING DATE 2/15/2025
SAMPLING LOCATION Km.34+262 SAMPLE DEPTH (M) 0.2to3.0m
PURPOSED TO USE For Earthwork filling
MATERIAL DESCRIPTION: Dark Gray Clayey Soil
No. TEST PERFORMED TEST RESULTS TEST METHODS ACCEPTANCE CRITERIA APPROVAL STATUS
YES NO
MDD at 150% 1301 g/em®  — N —
AASHTO T-180 Method YES NO
) %
1 COMPACTION TEST omcC 21.0 D/ ASTM D 1557 |:| |:|
YES NO
MDD at 95% 1236 g/em’ =1 r—1
CBR at 95% MDD 73 L = NO
at 9! D 5 % > 5
i - AASHTO 193/ e [ —
ASTM D 1883 YES NO
SWELL 1.35 % <2
’ — 1
AASHTO T-85/30/ YES NO
LIQUID LIMIT (LL) 40.1 % ASTM D 4318 <60 :] :
I AASHTO T-89/90/ YES NO
3 AT :
3 Atterberg Limits PLASTIC LIMIT {PL) 26.2 % ASTM D 4318 |:] E:
PLASTICITY T AASHTO T-89/90/ €30 YES NO
INDEX(PI) ’ ; ASTM D 4318 3 |
SOIL CARACTE b A AASHTO M 145 ‘e =
% e B CLASSIFICATION - C— ==
YES NO
5 Grading Modules | Grain Size Analysis 0.221 As per ERA Spec >0.75 : [—-———I
Note: Attach individual test records and data sheet
Remarks:
Consultan‘t;sl-']:{'e?p\resentative
o) Date
/. N
PME . e
REC-3QP.01
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CLIENT CONSULTANT CONTRACTOR

AL

ETHIGPIAN ROAD ADMINISTRATION LEA-LASA-UNICONE JMC - LRBCL Joint Venture.

ETHIOPIA-DJiBOUTi TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

MAXIMUM DRY DENSITY AND MOISTURE CONTENT
(AASTHO T-180)

Source : MAJOR BRIDGE @34+262 Date of Sampli 2/15/2025
Location: Km.34+262 Date of Testing: 2/17/2025
Propose Use For Earthwork filiing Sampled By: Biruk A.
Type of Method: A Tested By: Consultant Lab Team
Material Discription Dark Gray Clayey Soil Depth (M) 02t03.0m
Description Testl | Testll | Testlll TestlV | TestV
Density Determination
Water Added % 8% 10% 12% 14%
Mass of mould + Wet Soil (g) 9574 9700 9790 9800
Mass of mould, W5 (g) 6163 6163 6163 6163
Mass of wet soil, W7=W86-W5 (g) 3411 3537 3627 3637
Volume of mould, V (cc) 2303 2303 2303 2303
18ulk density, y, = [(W7-W6)V] glcc 1.481 1.536 1575 1.579 NMC
Moisture Content Determination
Container no D-9 J-49 D-8 D-10 D-12
Mass of container + wet soil, W1 (g) 248.20 402.90 273.60 309.90 280.50
Mass of container + oven dry soil, W2 (g) 216.30 343.80 231.10 256.90 260.30
Mass of Water (g) W3=W1-W2 31.90 59.10 42.50 53.00 20.20
Mass of container, W4 (g) 29.00 32.40 29.50 272.20 28.30
Mass of Dry Soil (g) W5 = W2-W4 187.30 311.40 201.60 229.70 232.00
Moisture Content (%) W6= W3W5+100 17.03 18.98 21.08 2307 8.71
Dry density, y4 = yn/(100+W6)*100 (g/cc) 1.266 1.291 1.301 1.283 8.71
Lty |
1.30 p= = 1 I~
= - - - | ,\\\ = B

5 V<l \\

E A RN

<} ] | re

g 1.28 %

//
!//
1.26
16 17 18 19 20 21 22 23 24

Moisture Content

Q
=2
o

MDD: 1.301 (gm/cc) | 21.0% |

Tested By

Consultant's
Lab Technician Consultant's PME
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CLIENT CONSULTANT CONTRACTOR
=31 L NSRRI
ETHIOPIAN ROAD ADMINISTRATION LEA-LASA-UNICONE JMC - LRBCL Joint Venture.
ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)
ATTERBERG LIMITS
(AASTHO 7-89/90)
Source : MAJOR BRIDGE @34+262 Date of Sampli 2/15/2025
Location: Kin.34+262 Date of Testing: 2/17/2025
Propose Used For Earthwork filling Sampled By: Biruk A.
Material Discription Dark Gray Clayey Soil Tested By: Consultant Lab Team
Description LIQUID LIMIT PLASTIC LiMi1
P Test | Test Il Test Il Test IV Test | Test Il Avg.
No of blows/Penetration (mm) 33 28 18
Container No C-70 C-100 C-3 C-49 C-13
Container + Wet soil, W1 (g) 58.4 57.94 56.96 29.15 28.8
Container + Dry soil, W2 (g) 489 48.7 474 281 27.9
Weight of Container (g) 24.17 25.64 24.28 24.02 24.53 26.22
[ Weight of water, W4= W1-W2 (g) 9.50 9.24 9.56 1.056 0.90
Weight of oven dry sample, W5=W3 - W1 (g) 2473 23.06 23.12 4.08 3.37
Water content percentage, 100x(W4/W5) 358.41 40.07 41.35 25.74 26.71
> Chart Titie Grain Size Analysis
Total Wt.(gm) 840.0
Sieve size | Wt. Ret. % % Cum %
& mm (g.) Retained | Retained | Passing
3 - 2.0 11.5 137 1.37 98.63
= a0 4005 0.425 47.8 5.69 7.06 92.94
}‘;‘ 0.075 55.8 6.64 13.70 86.30
\ Pan 724.9 86.30 0.00
39 \ Grading Modules 0.22
®
38
i0 100
Axis Title
LL | PL | Pl | Soil Class
40.05 | 26.22 | 13.83 | A-6
Comments:-
Tegted By
Consuliant's
Lab Technician Consultant's PME
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CLIENT CONSULTANT CONTRACTOR

P INE 3 LNIC —
2 EA AN\ _TF

\

\
Stook Code
Goonsa

ETHIOPIAN ROAD ADMINISTRATION LEA-LASA-UNICONE JMC PROJECTS (I) LTD.

ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)
CALIFORNIA BEARING RATIO TEST
(AASHTO T 193)

Source : MAJOR BRIDGE @34+262 Date of Sampling: 2/15/2025
Location: Km.34+262 Date of Soaking: 2/18/2025
Propose Used For Earthwork filling Date of Testing: 2/22/2025
Material Discription Dark Gray Clayey Soil Depth (m): 0.2 to 3.0m

MDD (gm/cc) | 1301] OMC (%) | 2100 |

| ) |
& . ; !
i 3 I : lel-4 l
[ 2+ T / * Lo
| BBl 5]
| % l
/
i o> /" i !
| 1 - ,/ = 5 I 1 5 |
! : L7 ! :
R ESZad i
| DT THTHT 1
| 0 & - i
E 0 1 2 3 4 5 6_7 8 9 10 11 12 13 14 6 7 8 9 10 11 12 13 i4 |
= I A e MRS B BOEt|
s S —— Np—
L ST | l' .
| s It 16.0
[ [
| a4 uE Y/’/r Wt 13.0
i | { /@’ | | 5 T B
= Buget=t T ! AGEEY 100 R
2 | | £ | | 7.0,41.,,, e | N AT
| 14+ ~2’ 0 40 e T i
| | I {
P (AP ARAED A RRERARANRAN 1o PR R
i 0 1 2 3 4 5 6 7 & 9 10 11 12 13 14 100 110 120 130 140 150 160 170
Density (@ 95% Compaction (gm/cc) 1.236
CBR @ 95% Compaction (%) 73
Swell (@ 95% Compaction (%) 35
T%steé By
Consultant's Lab Technician Consultant's PME
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CLIENT

ETHIOPIAN ROAD ADMINISTRATION

CONSULTANT

LEA-LASA-UNICONE

CONTRACTOR

A -~
A\ 22

JMC - LRBCL Joint Venture.

Ethiopia - Djibouti Transport Corridor Project Phase I.
Design & Build of Adama - Kim 60 Expressway

SOIL TESTING AND APPROVAL RECORD

SOURCE Borrow Area No.10 @34+950 RHS SAMPLEING DATE 2/15/2025
SAMPLING LOCATION Km.34+950 RHS SAMPLE DEPTH (M) 0.3to3m
PURPOSED TO USE For Earthwork filling
MATERIAL DESCRIPTION: Dark Gray Clayey Soil
No. TEST PERFORMED TEST RESULTS TEST METHODS ACCEPTANCE CRITERIA APPROVAL STATUS
YES NO
MDD at 100% 1519  g/em® e e
AASHTO T-180 Method YES NO
1 COMPACTION TEST omC 20.7 % D/ ASTM D 1557 |:I |:]
YES NO
MDD at 95% 1443 g/em® — —
Cl % MDD 22 % S = e
CBR at 95% .0 >
. o AASHTO 153/ s
ASTM D 1883 YES NO
SWELL 0.95 % <2
’ —
AASHTO T-89/90/ YES NO
; %
LIQUID LIMIT (LL) 345 3 el <60 el
iy AASHTO T-89/90/ YES NO
3 3 %
3 Atterberg Limits  [PLASTIC LIMIT (PL) 221 ASTM D 4318 :l —
PLASTICITY i o AASHTO T-89/90/ — YES NO
INDEX(PI) : ASTM D 4318 1 T—7
OIL CAR SOIL - R YES NO
4 SOIL CARACTER CLASSIFICATION A-6(5) AASHTO M 145 :I :]
SOIL YES NO
5 | ORGANIC CONTENT CLASSIFICATION NA AASHTO T-267-86 <3 -
Note: Attach individuai test records and data sheet
Remarks:
Consultan: Representative
gﬁ' 5 Date

PME P

Jr
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CLIENT

ETHIOPIAN ROAD ADMINISTRATION

; CONSULTANT CONTRACTOR

[ N AUuNICENE } A

- PDUNICONE el
SRR 4301 A A

JMC - LRBCL Joint Venture.

LEA-LASA-UNICONE

ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT

(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

MAXIMUM DRY DENSITY AND MiOISTURE CONTENT
(AASTHO 1-180)

Source : Borrow Area No. 10 @34+950 RHS Date of Sampling: 2/15/2025
Location: Km.34+950 RHS Date of Testing: 2/16/2025
Propose Used For Earthwork filling Sampled By: Biruk A.
Type of Method: A Tested By: Consultant Lab Team
Material Discription Dark Gray Clayey Soil Depth (M) 0.3t03m
Description Testl | Testll | Testlll TestlV | TestV
Density Determination
\Water Added % 8% 10% 12% 14%
Mass of mould + Wet Soil (g) 8920 9140 9310 9280
Mass of mould, W5 (g) 5460 5460 5460 5460
Mass of wet soil, W7=W6-W5 (g) 3460 3680 3850 3820
Volume of mould, V (cc) 2101 2101 2101 2101
Bulk density, y,, = [(W7-W6)/V] glcc 1.647 1.752 1.832 1.818 wMC
Moisture Content Determination
Container no F-6 F-1 r-8 F-10 F-5
Mass of container + wet soil, W1 (g) 261.44 272.00 253.10 255.50 239.40
Mass of container + oven dry soil, W2 (g) 230.18 235.20 216.48 215.48 224.78
Mass of Water (g) W3=W1-W2 31.26 36.80 36.62 40.02 14.62
Mass of container, W4 (g) 3257 37.37 29,22 38.42 37.41
Mass of Dry Soil (g) W5 = W2-W4 190.61 197.83 177.26 177.06 187.37
Moisture Content (%) W6= W3/W5*100 16.40 18.60 20.66 22.60 7.80
Dry density, ys = y/(100+W6)*100 (g/cc) 1.415 1.477 1.519 1.483 7.80
1.54 I o O it —
1.52 —— ==
150 — - - ==t S \ -
B -
E wE — L — - =
3 o > e A e | 56 = i v
z s = =
]
1.44 /
1 e // = - Z = = = i35
1.42
= B = FE ) o ey = i =
1.40 - SR S - = — e ~
16 17 18 19 20 21 22 23
Maoisture Content
MDD 1.519 (gm/cc) | OMC: 20.7 % |

Consultant's

Lab Technician

'5|;roved By

Consultant's PME

M. Sc. Geotechnical Engineering
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CLIENT

CONSULTANT
A" AUNICENE

ETHIOPIAN ROAD ADMINISTRATION

LEA-LASA-UNICONE

\ CONTRACTOR

A B

| =wesaa=—]
‘ JMC - LRBCL Joint Venture.

ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

Consultant's
Lab Technician

ATTERBERG LIMITS
(AASTHO T-89/90)
Source Borrow Area No.10 @34+950 RHS Date of Sampling: 2/15/2025
Location: Km.34+950 RHS Date of Testing: 2/1712025
Propose Used For Earthwork filling Sampled By: Biruk A.
Material Discription Dark Gray Clayey Soil Tested By: Consultant Lab Team
Deéssription LIQUID LIMIT PLASTIC LIMIT
S2E0R Test | Test Il Test Il Test IV Test | Test ii Avg.
No of blows/Penetration {(mm) 32 26 18
Container No C-44 C-33 C-62 C-49 C-55
Container + Wet soil, Wi (g) §1.2 50.81 52.43 20.63 20.58
Container + Dry soil, W2 (g) 42.39 41.81 42,92 19.87 19.73
Weight of Container (g) 16.01 16.72 16.12 16.43 15.88 22.09
Weight of water, W= W1-W2 (g) 8.81 9.00 9.51 0.76 0.85
Weight of oven dry sample, W5=W3 - W1 (g) 26.38 26.09 26.80 3.44 3.85
Water content percentage, 100x(W4/WS5) 33.40 34.50 35.49 22.09 22.08
5 Chart Title Grain Size Analysis
Total Wt.(gm) 1017.0
: ; o
\ Sieve size | Wt. Ret. s % . . Passing
” N e mm (g.) Retained
e | 2.0 61.2 6.02 93.98
f ! e N®a4lie 0.425 126.0 12.39 81.59
3 0.075 177.0 17.40 64.19
34 Y Pan
N
v Axis Title -
LL PL Pl Soil Class
34.46 22.09 12.37 A -6{6)

* p;gim{\'/ed By

Consultant's PME




CLIENT CONSULTANT CONTRACTOR
P puceE | G\ =
e ik L BT
LETHIOPIAN ROAD ADMINISTRATION LEA-LASA-UNICONE JMC PROJECTS (I) LTD.
ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)
CALIFORNIA BEARING RATIO TEST
(AASHTO T 193)
Source : Borrow Area No.10 @34+950 RHS Date of Sampling: 2/15/2025
Location: Km.34+950 RHS Date of Soaking: 2/17/2025
Propose Used For Earthwork filling Date of Testing: 2/21/2025
Material Discription Dark Gray Clayey Soil Depth (m): 03t03m
DENSITY DETERMINATION
SOAKING CONDITION 10 Blows 30 Blows 65 Blows
Before | After Before I After Before | After
MOLD NUMBER M-7 M-39 M-16
WEIGHT OFF MOLD 7620 7620 7380 7380 7520 7520
WEIGHT OFF SOii. + MOLD 11000 11420 11080 11440 11440 11660
WEIGHT OF SOII. 3380 3800 3700 4060 3920 4140
VOLUME OF MOLD 2124 2124 2124 2124 2124 2124
WIET DENSITY OF SOIL 1.59 1.79 1.74 1.91 1.85 1.95
DRY DENSITY OFF SOII. 1.32 1.41 1.44 1.54 1.53 1.58
MOISTURE DETERMINATION
CONTAINER NUMBER A-28 A-26 A-17 B-37 B-62 F-18
WIET SOIL + CONTAINER (g) 279.20 251.46 262.40 260.51 249.80 252.13
DRY SOIL + CONTAINER (g) 242.65 207.00 224.83 215.82 212.80 210.65
WLIGHT OF WATER (g) 36.55 44.46 37157 44.69 37.00 41.48
WEIGHT OF CONTAINER () 63.85 39.87 42.45 32.66 30.82 30.24
WEIGITT OIF DRY SOIL (g) 178.80 167.13 182.38 183.16 181.98 180.41
MOISTURLE CONTENT (%) 2014 26.60 20.60 24.40 20.33 22.99
AVG. MOISTURE CONTENT (%) 23.52 22.50 21.66
Ring Factor 0.19752 PENETRATION TEST DATA
s s Dial Load Cor. Load Dial Cor. Load Dial Cor. Load
PENETRATION (mm) S bond | cading (kn) (kn) reading [0 ®D | gy S (kn)
0 0.0 0 0.0 0 0.0 0
0.64 1.2 0.2 21 0.4 3.0 0.6
127 3.0 0.6 4.8 09 8.4 17
1.96 4.2 0.8 7.4 1.5 15.8 33
2.54 13.54 4.6 0.9 1.0 10.2 2.0 23 27.1 5.4 52
3.18 5.2 1.0 12.6 2.5 33.6 6.6
3.81 6.6 133 17.4 3.4 39.8 7.9
4.45 7.4 1.5 21.6 4.3 42.6 8.4
5.08 20.22 8.4 1.7 1.6 24.2 4.8 4.1 46.0 9.1 8.5
7.62 10.8 21 31.% 6.2 50.1 9.9
10.16 13.0 2.6 37.2 7.3 53.8 10.6
12.7 16.1 3.2 41.4 8.2 57.7 11.4
SWELIL READING (INTTIAL) 2.21 4.62 2.58
SWELL READING (FINAL) 3.80 6.00 293
PERCENTAGI SWELL 1.37 1.19 0.30
CBR @ 2.54 mm 7.2 17.0 38.4
CBR @ 5.08 mm 7. 20.3 &2 2
y
Consultant's Lab Technician Consultant's PME
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TTHIOPIAN ROAD ADMINISTRATION

CONSULTANT

LEA-LASA-UNICONE

CONTRACTOR
A \ =
’ -
L\
JMC PROJECTS (I) LTD.

ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

CALIFORNIA BEARING RATIO TEST
(AASHTO T 193)

Tested By
Consultant's Lab Technician

Source : Borrow Arca No.10 @34+950 RHS Date of Sampling: 2/15/2025
Location: Km.34+950 RHS Date of Soaking: 2/17/2025
Propose Used For Earthwork filling Date of Testing: 2/21/2025
Material Discription Dark Gray Clayey Soil Depth (m): 03t03m
MDD (gm/cc) | 1.519] OMC (%) [ 2066 |
4 12
11
10
3 i i ; 9 S6 5 85 0 .
e . A I
2 6 |
5 o —=
4 - o I -
H ? 3 S
) E—taf
1 radl
& [ I
0 0 v i —IK
12 13 14 01 2 3 45 6 7 8 9 10 11 12 13 14
B 50.0 — ‘
- 45.0 a2 an — -
18 - - i) :_ ! 400 1 ‘Y. ' § ‘V'll Fl,,
16 | I ‘ : ! ’ 9/ £H
A Ll 35.0 2
14 — — ;
‘ 300 -+ e S e
12 = /
E 1 | T )| =
10 g '—74f‘ 2 — = .0 =
‘7;"/ | 200 oo
8 - 212t
5 B _dENE IS 15.0 / “,
P /] 10.0 "
e o
2 5.0 5
< / .
o &2 0.0 85
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 1.00 1.10 1.20 1.30 1.40 1.50 1.60 1.70 1.80 1.90
Density @ 95% Compaction (gm/cc) 1.443
CBR @ 95% Compaction (%) 22.0
Swell @ 95% Compaction (%) 0.95

Consultant's PME




CLIENT

=
ETHIOPIAN ROAD ADMINISTRATION

CONSULTANT

LEA-LASA-UNICONE

CONTRACTOR

A.{

y 4
JMC - LRBCL Joint Venture.

Ethiopia - Djibouti Transport Corridor Project Phase I.
Design & Build of Adama - Km 60 Expressway

SOIL TESTING AND APPROVAL RECORD

SOURCE

Borrow Area

SAMPLEING DATE

2/3/2025

SAMPLING LOCATION

BA @km 34+950 RAS And
BA @km 29+500 RHS

SAMPLE DEPTH (M)

0.2 to 3.0 m & Production

PURPOSED TO USE

For Capping Layer

MATERIAL DESCRIPTION:

Dark Gray Clayey Soil with Red Ash

Blended Retio:

30% of BA @km 34+950 RHS Blending With 70% Of BA @km 29+500 RHS

No. TEST PERFORMED TEST RESULTS TEST METHODS ACCEPTANCE CRITERIA | APPROVAL STATUS
YES NO
MDD at 100% 1458  g/em’ = =
AASHTO T-180 Method YES NO
; %
1 | COMPACTION TEST omc 17.6 oot s —
YES NO
MDD at 95% 1.385  g/em’ — ) —
2 % g YES NO
CBR at 95% MDD 5 % >
5 _— AASHTO 193/ ] | —
ASTM D 1883 YES NO
SWELL 019 % <2 — 1 =
AASHTO T-89/90/ ASTM YES NO
LIQUID LIMIT (LL) 393 % 54318 <60 — —
P AASHTO T-89/90/ ASTM YES NO
3 Atterberg Limits | PLASTIC LIMIT (PL) 25.7 % 4318 — ) —-—
PLASTICITY BE % AASHTO T-89/90/ ASTM a0 YES NO
INDEX(PI) ' D4318 ) || F—=0
4 OIL CARACTER SOIL A-2-6 AASHTO M 14 o i
9 < CLASSIFICATION - SHIOMHAS —
YES NO
5 Sieve Analysis Grading Modules 1.26 As Per ERA Spesfication >0.75 o —

Note: Attach individual test records and data sheet

Remarks:

SO

’ Cbﬁﬁ?@}p(‘s Representative

EWD!

ELHI Date

) z;xmlu re

PME

<12 23

/ REC-SQP.01




CLIENT

@

ETHIOPIAN ROAD ADMINISTRATION |

CONSULTANT
"AUNICENE
=91 r1

LEA-LASA-UNICONE

JMC - LRBCL Joint Venture.

CONTRACTOR

ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

(AASTHO T-180)

MAXIMUM DRY DENSITY AND MOISTURE CONTENT

Source : Borrow Area Date of Sampling: 2/3/2025
BA @km 34+950 RHS And 2/5/2025
Location: BA @km 29+500 RHS Date of Testing:
Propose Used For Capping Layer Sampled By: Biruk A.
Type of Method: A Tested By: Consultant Lab Team
0.2 to 3.0 m & Production
Material Discription Dark Gray Clayey Soil with Red Ash Depth (M)

Blended Retio:

30% of BA @km 34+950 RHS Blending With 70% Of BA @km 29+500 RHS

Description Testl | Testll | Testll [ Testlv | TestV |
Density Determination
Water Added % 6% 8% 10% 12%
Mass of mould + Wet Soil (g) 12250 12480 12560 12500
Mass of mould, W5 (g) 8900 8900 8900 8900
Mass of wet soil, W7=W6-W5 (g) 3350 3580 3660 3600
Volume of mould, V (cc) 2124 2124 2124 2124
|Bulk density, y, = [(W7-W6)/V] glcc 1.577 1.685 1.723 1.695 NMC
Moisture Content Determination
Container no D-2 D-18 D-3 G-1 G-2
[Mass of container + wet soil, W1 (g) 314.80 307.60 325.50 290.20 260.80
Mass of container + oven dry soil, W2 (g) 279.60 268.40 278.90 245.00 242.00
Mass of Waler (g) W3=W1-W2 35.20 39.20 46.60 45.20 18.80
Mass of container, W4 (g) 28.30 28.30 28.20 27.20 26.80
Mass of Dry Soil (g) W5 = W2-W4 251.30 240.10 250.70 217.80 215.20
Moisture Content (%) W6= W3/W5*100 14.01 16.33 18.59 20.75 8.74
Dry density, ys = y,,/(100+W6)*100 (g/cc) 1.383 1.449 1.453 1.404 8.74
1.47
1.45 I = 5o ] \\“\
= // ™
1.43 a S
> v ¥ " Emm R
g 1.41 - v das N -
s P! EEERTE
a 139 = / A
137 ki =
135 D I ] LY ¢
13 14 15 16 17 18 19 20 21 22
Moisture Content
MDD: 1.458 (gm/cc) | OMC:

]
Tested By
Consultant’s
Lab Technician

Consultant's PME




CLIENT CONSULTANT ‘ CONTRACTOR
'3 unicHNE - AN ==
- =2 V=311 i S e
ETHIOPIAN ROAD ADMINISTRATION LEA-LASA-UNICONE | JMC - LRBCL Joint Venture.

ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

ATTERBERG LIMITS
(AASTHO T-89/90)
Source : SoriowAred Date of Sampling: 2/3/2025
BA @km 34+950 RHS And
Location: BA @km 29+500 RHS Date of Testing: 2/6/2025
Propose Used For Capping Layer Sampled By: Biruk A.
Dark Gray Clayey Soil with Red Ash Consultant Lab Team
Material Discription Tested By:
30% of BA @km 34+950 RHS Blending With 70% Of BA @km 29+500 RHS
Blended Retio:
Desctiption LIQUID LIMIT PLASTIC LIMIT
P Test | Test Il Test Il Test IV Test | Test Il Avg.
No of blows/Penetration (mm) 33 27 18
Container No C-18 C-16 Cc-9 C-100 C-67
Container + Wet soil, W1 (g) 57.87 55.87 54.58 30.35 30.26
Container + Dry soil, W2 (g) 48.73 47.07 45.79 29.39 28.73
Weight of Container (g) 24.79 24.59 23.99 25.65 228 25.73
Weight of water, W4= W1-W2 (g) 9.14 8.80 8.79 0.96 1.53
\Weight of oven dry sample, W5=W3 - W1 (g) 23.94 22.48 21.80 3.74 5.93
\Water content percentage, 100x(W4/W5) 38.18 39.15 40.32 25.67 25.80
o Chart Title Grain Size Analysis
Total Wt.(gm) 1678.0
Sieve size | Wt. Ret. % > ufm %
s . Retaine &
b mm (g.) Retained " Passing
< 2.0 840.0 50.06 50.06 49.94
k= 0.425 232.0 13.83 63.89 | 36.11
E \,339 p 0.075 142.0 8.46 72.35 27.65
39 Pan 464.0 27.65 0.00
\ Grading Modules= 1.86
X
38
10 100
Axis Title
LL PL Pl Soil Class
39.30 25.73 13.57 A-2-6

Comments:-

Consultant’s
Lab Technician Consultant's PME
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ETHIOPIAN ROAD ADMINISTRATION LEA-LASA-UNICONE JMC PROJECTS (I) LTD.

ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

CALIFORNIA BEARING RATIO TEST

(AASHTO T 193)
Source : Borrow Area Date of Sampling: 2/3/2025
BA @km 344950 RHS And 2/6/2025
Location: BA @km 29+500 RHS Date of Soaking:
Propose Used For Capping Layer Date of Testing: 2/10/2025
|Material Discription | Dark Gray Clayey Soll with Red Ash____[Depth (m): 0.2 10 3.0 m & Production
Blended Retio: 30% of BA @km 34+950 RHS Blending With 70% Of BA @km 29+500 RHS
DENSITY DETERMINATION
SOAKING CONDITION 10 Blows 30 Blows 65 Blows
Before I After Before I After Before l After
MOLD NUMBIEER M-3 M-19 M-5
WEIGHT OF MOLD 7010 7010 6990 6990 6804 6804
WEIGHT OF SOIL. + MOLD 10440 10814 10728 10918 10786 10888
WEIGHT Ol SOIL 3430 3804 3738 3928 3982 4084
VOLUME OFF MOLD 2243 2243 2243 2243 2243 2243
WET DENSITY OF SOIL 1.53 1.70 1.67 1.75 1.78 1.82
DRY DENSITY OF SOIL 1.29 1.43 1.40 1.47 1.49 1.53
MOISTURE DETERMINATION
CONTAINER NUMBER G-1 G-2 D-18 D-2 D-9 D-3
WET SOIL + CONTAINER (g) 240.00 237.40 287.80 276.10 296.70 303.20
DRY SOIL + CONTAINER (g) 206.50 204.10 246.60 236.70 253.40 258.90
WEIGHT OF WATER (g) 33.50 33.30 41.20 39.40 43.30 44.30
WEIGHT OF CONTAINER (g) 27.20 26.80 28.30 29.20 26.90 28.20
WEIGHT OF DRY SOIL (g) 179.30 177.30 218.30 207.50 226.50 230.70
MOISTURE CONTEN'T (%) 18.68 18.78 18.87 18.99 19.12 19.20
AVG. MOISTURE CONTENT (%) 18.73 18.93 19.16
Ring Factor 0.03081 PENETRATION TEST DATA
Dial Load < Dial Cor. Load Dial Cor. Load
PENETRATION (mm) Std. Load seadifig (kn) Cor. Load (kn) soudiiig Load (kn) (kn) seadig Load (kn) (kn)
0 0.0 0 0.0 0 0.0 0
0.64 5.0 0.2 10.0 0.3 15.0 0.5
1.27 15.0 0.5 30.0 0.9 50.0 1.5
1.96 45.0 1.4 70.0 22 100.0 31
2.54 13.54 70.0 2.2 2.8 110.0 3.4 4.0 160.0 4.9 6.0
3.18 101.0 3.1 150.0 4.6 220.0 6.8
3.81 150.0 4.6 190.0 5.9 300.0 9.2
4.45 180.0 5.5 230.0 71 360.0 11.1
5.08 20.22 220.0 6.8 5.4 310.0 9.6 75 425.0 13.1 11.0
7.62 228.0 7.0 325.0 10.0 442.0 13.6
10.16 236.0 7:3 335.0 10.3 465.0 14.3
12.7 245.0 7.5 345.0 10.6 478.0 14.7
SWELL READING (INITIAL) 5.59 547
SWELL READING (FINAL) 5.94 543
PERCENTAGE SWELL 0.30 0.22
CBR @ 2.54 mm 20.7 29.5
CBR @ 5.08 mm 26.7 37.1

Tested By
Consultant’s Lab Technician

Pp!
Consultant's PME
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CLIEN

ETHIOPIAN ROAD ADMINISTRATION

CONSULTANT

LEA-LASA-UNICONE

JMC PROJECTS (I) LTD.

CONTRACTOR

ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

CALIFORNIA BEARING RATIO TEST
(AASHTO T 193)

Source : Borrow Area Date of Sampling: 2/3/2025
BA @km 34+950 RHS And 2/6/2025
Location: BA @km 29+500 RHS Date of Soaking:
Propose Used For Capping Layer Date of Testing: 2/10/2025
[Material Discription Dark Gray Clayey Soil with Red Ash Depth (m): U210 3.0 m & Production |
Blended Retio: 30% of BA @km 34-+9500 RHS Blending With 70% Of BA @km 29+500 RHS

MDD (gm/cc) | 1458] OMC (%) | 1760 |
10 15
14
9 13
8 3 12
7 % SE==s o < o | @
> bl
6 = 9 -
8
5
o/ 7
4 /| 6
= A 5 |
3 % = !
- A 4 W
2 T 3 £
/4> 1 2 /
1 = 1 /v
0 &* e 0 &=® k¢
0 1 2 3 4 5 6 7 8 9 1011 12 13 14 0 1 2 3 4 5 6 7 8 9 1011 12 13 14
50.0
16 == 45.0
/’— = Y
14 —4 . 400 ——
> | 4
12 e 2 35.0
- ¢ 2 30.0
8 / }
. - ( 25.0 -
" Z3 200 +——
5 ( - 15.0
o &% P 10.0
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 1.10 1.20 130 1.40 1.50 1.60

Density @ 95% Compaction (gm/cc)

1.385

CBR @ 95% Compaction (%)

30.5

Swell @ 95% Compaction (%)

0.19

Consultant’s Lab Technician

Consultant's PME




CONSULTANT CONTRACTOR
" AUNICENE ) \ =
£ —er N
ETHIOPIAN nuaD AuvulISTRATION .
LEA-LASA-UNICONE JMC - LRBCL Joint Venture.
Ethiopia - Djibouti Transport Corridor Project Phase I.
Design & Build of Adama - Km 60 Expressway
SOIL TESTING AND APPROVAL RECORD
SOURCE BORROW AREA SAMPLEING DATE 2/18/2025
SAMPLING LOCATION BA 7+800 LHS & Scalping material 29+600 LHS  [SAMPLE DEPTH (M) BA ('0.2-3.0) & Stock
PURPOSED TO USE
MATERIAL DESCRIPTION: YELLOWISH BROWN SOIL WITH STONE FRAGMENTS
Blend Scalping Material (50%) With BA 7+800 LHS (50%)
No. TEST PERFORMED TEST RESULTS TEST METHODS ACCEPTANCE CRITERIA | APPROVAL STATUS
YES NO
MDD at 100% 1780  g/em® I —
AASHTO T-180 Method YES NO
1 COMPACTION TEST omMC 134 % D/ ASTM D 1557 ]
. YES NO
MDD at 95% 1691  gfem® [ —
B YES NO
CBR at 95% MDD 555 . % >5
, o AASHTO 193/ o —
ASTM D 1883 YES NO
SWELL 017 % <2 I —
AASHTO T-89/90/ YES NO
LIQUID LIMIT (LL) 27 % ASTM D 4318 <60 — —
- AASHTO T-89/90/ YES NO
3 Atterberg Limits PLASTIC LIMIT (PL) 20.3 % ASTM D 4318 — —
PLASTICITY BE % AASHTO T-89/90/ <30 YES NO
INDEX(PI) ’ ASTM D 4318 I
SOIL CARA SOIL 5. YES NO
4 L CARACTER CLASSIFICATION A-2- AASHTO M 145 I:' | —
YES NO
5 Sieve Analysis Grading Modules 1.80 As Per ERA Spesfication >0.75 l:l I:l
Note: Attach individual test records and data sheet
Remarks:
%3 -
Const_l_[t_qrp,lﬂ;L_R;dJﬁ;?sentatwe
Si%;ﬁ?e/ Date
PME
<)124 29

REC-5QP.01
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CLIENT

ETHIOPIAN ROAD ADMINISTRATION

CONSULTANT CONTRACTOR

"AUNICENE
Y==7917r1

LEA-LASA-UNICONE JMC - LRBCL Joint Venture.

ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

MAXIMUM DRY DENSITY AND MOISTURE CONTENT
(AASTHO T-180)

Source : BORROW AREA Date of Sampling: 2/18/2025
Location: Date of Testing: 2/18/2025
Propose Used Sampled By: Biruk A
Type of Method: A Tested By: Consultant’s Lab Team
|Material Discription Scalping Material (50%) With BA 7+800 LHS (50%) |Depth (M) BA ('0.2-3.0) & Stock
Description Test| | Testll [ Testlll TestlV | TestV
Density Determination

Water Added % 6% 8% 10% 12%

Mass of mould + Wet Soil (g) 10630 10845 11190 11200

Mass of mould, W5 (g) 6565 6565 6565 6565

Mass of wet soil, W7=W6-W5 (g) 4065 4280 4625 4635

Volume of mould, V (cc) 2303 2303 2303 2303

Bulk density, y,, = [(W7-W6)/V] glcc 1.765 1.858 2.008 2.013 NMC

Moisture Content Determination

Container no T-55 M-100 C-40 T-60 Z-80

Mass of container + wet soil, W1 (g) 390.40 357.80 342.90 297.20 326.70

Mass of container + oven dry soil, W2 (g) 359.20 324.60 306.50 261.68 318.10

Mass of Water (g) W3=W1-W2 31.20 33.20 36.40 35.52 8.60

Mass of container, W4 (g) 2830 28.70 27.00 27.40 27.20

Mass of Dry Soil (g) W5 = W2-W4 330.90 295.90 279.50 234.28 290.90

Moisture Content (%) W6= W3/W5*100 9.43 11.22 13.02 15.16 2.96

Dry density, y4 = yn/(100+W6)*100 (g/cc) 1.613 1.671 1.777 1.748 2.96

1.80

Dry Density
=
&

14 15 16

Moisture Content

MDD:

1.780 (gm/cc) | OMC:

Consultant’s
Lab Technician

Appl:‘:oved By

Consultant's PME
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CLIENT

ST
AL

ETHIOPIAN ROAD ADMINISTRATION

CONSULTANT

LEA-LASA-UNICONE

CONTRACTOR

JMC - LRBCL Joint Venture.

ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT

(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

ATTERBERG LIMITS
(AASTHO T-89/90)
Soiiice s BORROW AREA Date of Sampling: 2/18/2025
Location: BA 7+800 LHS & Scalping material 29+600 LHS [p,¢e of Testing: 2/19/2025
Propose Used 0 Sampled By: BIRUK A.
Material Discription YELLOWISH BROWN SOIL WITH STONE FRAGMENTS  |Tiosied By: Consultant Lab Team
Description LIQUID LIMIT PLASTIC LIMIT
P Test | Test Il Test Il TestIV | Testl | Testll Avg.
No of blows/Penetration (mm) 33 28 18
Container No C-8 C-14 C-5 C-16 C-49
Container + Wet soil, W1 (g) 196 56.2 58.8 315 32.1
Container + Dry soil, W2 (g) 159.8 48.36 50.18 30.45 30.7
Weight of Container (g) 254 243 247 25.1 24 20.26
Weight of water, Wd= W1-W2 (g) 7.84 8.62 1.05 1.40
Weight of oven dry sample, W5=W3 - W1 (g) 134.40 24.06 25.48 5.35 6.70
\Water content percentage, 100x(W4/W5) #VALUE! 32.59 33.83 19.63 20.90
i Chart Title Grain Size Analysis
i N Total Wt.(gm) 1650.0
) \ Sieve size| Wt.Ret. | % % CUm %
2 \ mm (g.) Retained | Retained | Passing
g 3% \ 2.0 639.4 | 3875 38.75 61.25
E 35 0.425 457.0 27.70 66.45 33.55
A \ 0.075 143.0 8.67 75.12 24.88
) = Pan 4106 | 24.88 0.00
24 = Grading Modues 1.803
32
\
10 o 100
Axis Title
LL PL Pl Soil Class
0.00 20.26 -20.26 A-2-6

Comments:-

Consultant’s
Lab Technician

Approved By

Consultant's PME
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CONSULTANT CONTRACTOR
. A
UNICENE / \ =
=911 N
ETHIOPIAN ROAD ADMINISTRATION LEA-LASA-UNICONE JMC PROJECTS (I) LTD.

ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-L: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

CALIFORNIA BEARING RATIO TEST
(AASHTO T 193)

Source : BORROW AREA Date of Sampling: 2/18/2025
Location: DIT 7 TOUU LITS X \;L:;EHIH TITATCITAT Z7 T OU0 Diste-of Soslking 2/18/2025
Propose Used Date of Testing: 2/22/2025
Scalping Material (50%) With BA 7+800 =
Imaterial Discription Pe (50%)LHS Depth (m): BA (0.2-3.0) & Stock
DENSITY DETERMINATION
SOAKING CONDITION 10 Blows 30 Blows 65 Blows
Before | After Before | After Before | After
MOLD NUMBER M-14 M-1 M-8
WEIGHT OF MOLD 7150 7150 7115 7115 6820 6820
WEIGHT OF SOIL + MOLD 11080 11460 11100 11475 11325 11495
|WEIGHT OF SOIL 3930 4310 3985 4360 4505 4675
VOLUMLE OF MOLD 2243 2243 2243 2243 2243 2243
WET DENSITY OF SOIL 1.75 1.92 1.78 1.94 2.01 2.08
DRY DENSITY OF SOIL 1.54 1.61 1.57 1.65 1.76 1.78
MOISTURE DETERMINATION
CONTAINER NUMBER T-60 D-12 M-15 Z-88 T-55 Z-26
WET SOIL + CONTAINER (g) 377.90 261.20 349.50 287.10 371.10 285.10
DRY SOIL + CONTAINER (g) 335.00 223.00 312.00 248.00 329.60 248.00
WEIGHT OF WATER (g) 42.90 38.20 37.50 39.10 41.50 37.10
WEIGHT OF CONTAINER (g) 28.30 28.40 27.50 27.20 28.90 28.10
WEIGHT OFF DRY SOIL (g) 306.70 194.60 284.50 220.80 300.70 219.90
MOISTURIE CONTENT (%) 13.99 19.63 13.18 17.71 13.80 16.87
AVG. MOISTURE CONTEN'T (%) 16.81 15.44 15.34
Ring Factor 0.03161] PENETRATION TEST DATA
5 Dial Load " Dial Cor. Load Dial Cor. Load
PENETRATION (mm) Std. Load et (kn) Cor. Load (kn) ceatliig Load (kn) (kn) - Load (kn) (kn)
0 0.0 0 0.0 0 0.0 0
0.64 15.0 0.5 32.0 1.0 40.0 1.3
127 30.0 0.9 70.0 2.2 105.0 3.3
1.96 65.0 2.1 90.0 2.8 190.0 6.0
2.54 13.54 96.0 3.0 35 110.0 3.5 4.2 270.0 8.5 9.5
3.18 121.0 3.8 140.0 4.4 350.0 11.1
3.81 155.0 4.9 175.0 55 425.0 13.4
4.45 185.0 5.8 210.0 6.6 485.0 15.3
5.08 20.22 260.0 8.2 6.4 330.0 10.4 7.8 540.0 17.1 15.0
7.62 275.0 8.7 345.0 10.9 562.0 17.8
10.16 286.0 9.0 352.0 11.1 575.0 18.2
12.7 305.0 9.6 368.0 11.6 583.0 18.4
SWELL READING (INITIAL) 0.39 0.26 0.67
SWELL READING (FINAL) 0.52 0.62 0.78
PERCENTAGIE SWIELL 0.11 0.31 0.09
CBR @ 2.54 mm 25.8 31.0 70.1
CBR @ 5.08 mm 31.7 38.6 74.2

Consultant's Lab Technician

onsultant's PME
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CLIENT

ETHIOPIAN ROAD ADMINISTRATION|

CONSULTANT

LEA-LASA-UNICONE

CONTRACTOR

JMC PROJECTS (I) LTD.

ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)

CALIFORNIA BEARING RATIO TEST

(AASHTO T 193)
Source : BORROW AREA Date of Sampling: 2/18/2025
Location: BA 7+800 LIS & Scalping material 29+600 LIS Date of Soaking: 2/18/2025
Propose Used Date of Testing: 2/22/2025
Material Discription Scalping Material (50%) With BA 7+800 (S0%)LI1S Depth (m): BA (02-3.0) & Stock
MDD (gm/cc) | 1.780] OMC (%) [ 1335 |
12 15
14
: :
[ @ 12 T
s NN o B N o
8 M 10
‘ | 9
z ‘ : x
‘ 7
5 ; 1 6 -
4 ! 5 /3
B e | |
3 =4 g 7z
2 A4 ‘
/ | “ = ]
1 < ‘ — 1 4
0 0

01 2 3 4 5 6 7 8 9 10 11 12 13 14

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

22

20

18 =
16 =

14

L
A
12
74

/

&

®

oON B O ®

01 2 3 4 5 6 7 8 9 10 11 12 13 14

90.0

80.0

L

70.0

60.0

A

50.0

40.0

30.0

20.0

10.0

1.40

170 1.80 1.90

Density @ 95% Compaction (gm/cc) 1.691
CBR @ 95% Compaction (%) 55.5
Swell @ 95% Compaction (%) 0.17

Consultant’s Lab Technician

p!
Consultant's PME
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CRUMB TEST (ASTM D6572)

Homo- MG O
Project No.: Project Name: ‘xpy@_(m‘;ﬂ Location: 4"‘ GO G 2
Boring No.: Sample No.: O il Depth: (3:2 ~ T D ft IEﬁ

Visual Classification: —¥Ty\ el 9kbned C&-‘ e 2oy

Color: Weng!;_!& B&;_JV\

Moisture Content of Sample: | [as-received [ [insitu [ [air-dried
Tare Number Wet Mass + Tare Dry Mass + Tare Tare Mass Water Content
(9) (9) (9) (%)

1-66

182.4

_La_q

2 | 283

L6 R0

imen i i
Idzzgf‘ilcation: K ' A - _\_ xdﬁﬁgggn: B ' A - AL ldtsareggégfitr;n: ,E! A &= ,_l_
Spec. Container B i . Container
ercicaton: | (S | enticaton: | (Cr-2. | Tenieston: | (7%
Method: A (Natural) Method: A (Natural) Method: A (Natural)
e Remolded) 8 (Remolded) =i Remolded)
Water Type: Distilled Water Type: Distilled Water Type: Distilled
N Type IV B Type IV | Type IV
Initial Water Temp. (°C): Q-S Initial Water Temp. (°C): 2@ ‘: ‘

Initial Water Temp. (°C): Z l '2

Start Time (hh:mm:ss): jB \ﬁZ At\

Start Time (hh:mm:ss): Mﬂ_

Start Time (hh:mm:ss): 2 !} A% m

Target | Time Temp. | Target | Time Temp. | Target | Time Temp.

Reading | Taken |[Grade| (°C) | Reading | Taken |Grade| (°C) Reading | Taken [Grade| (°C)
2min£15s[ Riaa| A4 1.3 minziss[ R 42l 4 | 98, [2min= 155 2221 4 [ 209
thesmin [RW2] A [ 91 qth8mn [Qiag)[ 4 [DI X [th=smn [« vAT[F | 511
Gheasmn| D) | 4 | 934 [6hessmn] >ian] 2 | R KL [6h=smn %ﬁg =% [ 21-R

Dispersive Dispersive Dispersive
Classification: Classification: Classification:
Additional water added to remold Additional water added to remold

Additional water added to remold

the specimen (Method B): Y[ | N

the specimen (Method B): mrv m N

the specimen (Method B): M Y r—l N

Prepared By:

Date: Date: I 11 2.7

Input By:
Date:

Remarks: l EQ:E!S]&E%A “Biown Ot QJV?\Y]/ _L‘é-&mr or 1L T Sk
Tested BV:M / H;

Reviewed By:
Date:

FIG. X1.1 Example of a Crumb Test Data Sheet
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CRUMB TEST (ASTM D6572)

Boring No.:

I3~ ¥R O
Praject No.: Project Name: |~ ®raf N g™ Location: %OQ;D*"‘ [
¥ T
Sample No.: Bl pepth: (VLR [ n [Eﬁ

[\
Visual Gassiﬂcalionyﬂjy_\g!d ;&ﬁm:gs ( tdfest ’2"’,’

Color: !C!!Q!!I‘!S! ~ igt"d

g 4

Moisture Content of Sample: l ] as-received r in situ I air-dried
Tare Number Wet Mass + Tare Dry Mass + Tare Tare Mass Water Content
(9) (9) (9) (%)

730

DIVR

\22.8

1.4

Bl

Initial Water Temp. (°C):_21:%

Initial Water Temp. (°C): 2 0 \3

Specimen cimen Specimen
Idestiﬁcation: El A .-__L l.dzrl\)gﬁcation: B f A -—_L lder':tiﬁcation: ’E‘ A_-,__L
Spec. Container ) Spec. Container Spec. Container
Identification: C J-1 Identification: C,T -2 Identification: (:j— =T

Method: YA (Natural) Method: |\—A (Natural) Method: ““A’(Natural)

| B (Remolded) ™| B (Remolded) | B (Remolded)
Water Type: Distilled Water Type: Distilled Water Type: Distilled
| Type Iv | Type Iv | 1ye v

Initial Water Temp. (°C): D1, &

Start Time (hh:mm:ss): 8\ ;§Q AM Start Time (hh:mm:ss): _%_\LJQAM

Start Time (hh:mm:ss): ZﬁEM

Target Time Temp. | Target | Time Temp. Target | Time Temp.

Reading | Taken |[Grade| (°C) Reading | Taken |Grade| (°C) Reading | Taken ([Grade| (°C)
2min£15s| B9 | A | D) [2minx1ss| Bry [ 4 [ D1y [2minz15s Dy | 4 |01 B
th=gmin g0 | 4 [ o) L |th=6mn 5\:30 4 | >q.q [th=z8min [ a0 & 29
Ghedsmin] N0 | 4 [ 950 [sh=ssmn[ DIvq [ 4 [ 2>q [6h=asmn| Aty 2 [ 9Ty

Dispersive Dispersive Dispersive
Classification: Classification: Classification:
Additional water added to remold

Additional water added to remold
the specimen (Method B): [ | Y[ | N

Additional water added to remold

the specimen (Method B): [_| Y [_] N

the specimen (Method B): [ | v [ | N

RemarKS%hQVdQN /\%-kv« 2 Yoqor Yeseling f\ﬂ’w@

Prepared By:
Date:

Tested 8y STl A

Input By:
Date:

Date: 3“3“_{

Reviewed By:

Date: ﬂ4[2 &1

FIG. X1.1 Example of a Crumb Test Data Sheet

6
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CRUMB TEST (ASTM D6572)

Project No.:

Boring No.:

Addma- G

Project Name: !;1! Pre.Slind Location: 'j BQ( ) l B;

02

Sample No.:

Depth: ©2-% [ | Hm

Visual Classification: "ﬁh?ﬂ FrTrea Cigtery <oty

Color: !Q)]]guﬁ_&\» qu‘«

Moisture Content of Sample: | [ as-received  [vfinsitu | | air-dried
Tare Number Wet Mass + Tare Dry Mass + Tare Tare Mass Water Content
(9) (9) (9) (%)
2'-. C anj_\e _16‘-\'_1— 2—.\‘-4‘ 10\4_-
Specimen Specimen Specimen
-Identification: R, A D Identification: ’B A ~9 Identification: fB:A.~2,
Spec. Container Spec. Container Spec. Container
Identification: (\j[ ~ X Identification: 6‘ Y Identification: 6‘.3
Method: : A (Natural) Method: \_/ A (Natural) Method: | A (Natural)
B (Remolded) B (Remolded) B (Remolded)
Water Type: | _|Distilled Water Type: | | Distilled Water Type: Distilled
Type IV Type IV Type IV
Initial Water Temp. (°C): .Z ! ' 6 Initial Water Temp. (°C): 20 ‘8

Initial Water Temp. (°C): 2 l. |

Start Time (hh:mm:ss): TR AU |

Start Time (hh:mm:ss): 71! RaAM

Start Time (hh:mm:ss): m

Target Time Temp. | Target | Time Temp. Target Time Temp.
Reading | Taken |Grade| (°C) | Reading [ Taken |Grade| (°C) Reading | Taken |Grade| (°C)
2min£155)7\R2 | 4 [ 4 Pminsiss[ vz [ 4 22 ) [2min=15s] |y <4 19214
Lthz8min | R130) - 21.9 [th=8min | EA=al 4 | 99,R [thz8min 2 4125
6h+45min| 1 '3 | A4 22.3 [shEasmin] Prem| & 2R QA l6h=asmn @R | & [ 9.9

Dispersive Dispersive Dispersive
Classification: Classification: Classification:
Additional water added to remold Additional water added to remold

Additional water added to remold

the specimen (Method B): [~ | Y[V N

the specimen (Method B): [_I Y [I—_fl N

the specimen (Method B): [ | v [} N

Remarks: @me onY

“Bren 4 e

Prepared By:
Date:

Tested By: M
Date: 3| 1021

Input By:
Date:

Reviewed By:
Date:

FIG. X1.1 Example of a Crumb Test Data Sheet
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CRUMB TEST (ASTM D6572)

Project Name:

39N — KNS O
Location: tt 8 [ald) I Hj

Visual Classification:

Project No.:
Boring No.: Sample No.: m 2, Depth: () 2.~ m f_] ft E—m
Y 3o gq Color: 0 11614 = B B ted

Moisture Content of Sample: | [as-received | [insitu | |[air-dried
Tare Number Wet Mass + Tare Dry Mass + Tare Tare Mass Water Content
(9) (9) (9) (%)

p

1369

1834

214

2639

Specimen imen Specimen
[degtiﬁcation: B, A—z_ Idzgfi;ca;on: B, Af?_ Iderr:tiﬁcation: ByA )
Spec. Container Spec. Container Spec. Container
Identification: (‘ i 7 Identification: 6'2_ Identification: &:,3
Method: | [A (Natural) Method: | |[A (Natural) Method: | | A (Natural)
1 B (Remolded) 148 (Remolded) }+B (Remolded)

Water Type: Distilled Water Type: Distilled Water Type: Distilled

[ | Type 1v [ | Type Iv | Type 1v

Initial Water Temp. (°C): 2_1: % Initial Water Temp. (°C): 2 L2

Initial Water Temp. (°C): 22,2

Start Time (hh:mm:ss): M

Start Time (hh:mm:ss): 1‘ S j 6M

Start Time (hh:mm:ss): l ‘ﬁL—EH

Target Time Temp. Target Time Temp. Target Time Temp.
Reading | Taken |[Grade| (°C) | Reading | Taken |[Grade| (°C) Reading | Taken |Grade| (°C)
2min £15s[ VIR | 4- 292.J |2min£15s PIq| L | D13 [2minziss 41 |4 | 202
the8min |93C [ 4 [PR.) [th+8min | R\IR] #4 [ o1 q [th=8mn [D14] 248
6h+45min| 1} 4 | 239 [6h=dsmin] Va0 4 | 22, [6nhxasmin| 139 | 2 2,

Dispersive Dispersive Dispersive
Classification: Classification: Classification:
Additional water added to remold

Additional water added to remold

Additional water added to remold

the specimen (Method B):[ l:j Y l_l N

the specimen (Method B): [ Y[ ] N

the specimen (Method B): [q’ Y m N

Prepared By:

Input By:

Date: Date: [NN2L Date:

Reviewed By:
Date:

Remarks: Paortees @l —Bken Oy —Braet Yeoding Yine —Yor oy 3 Sehetment
Tested By: E\n% A :

{7 | NEWDELH

FIG. X1.1 Example of a Crumb Test Data Sheet

O\
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CRUMB TEST (ASTM D6572)

ew ¥”‘46'Q
Project No.: Project Name: Location: 5& Q l h S

Boring No.: Sample No.: (@S Depth: )2 - [ |1t [Hm
Visual Classiﬁcation:’“y\gf'\ AQrsfued Qlodet <o\ Color: £ OWN
Moisture Content of Sample: | | as-received [ “]insitu | [ air-dried
Tare Number Wet Mass + Tare Dry Mass + Tare Tare Mass Water Content
(9) (9) (9) (%)

Mt [da12 | 16 | 259 | 1gT

imen i Specimen

Idesgfiglcrgtion: E,}\ e xdiﬁgﬁgﬁgn: E. A -3 ldeztiﬁcation: B.A -3
Spec. Container Spec. Container Spec. Container
Identification: 6’ =), Identification: (:r,_ 9 Identification: @ ~3
Method: | Ha (Natural) Method: [\fA (Natural) Method: | LA (Natural)

B (Remolded) B (Remolded) B (Remolded)
Water Type: Distilled Water Type: Distilled Water Type: Distilled

| Type Iv | Type Iv | Type Iv

Initial Water Temp. (°C): 2 Z.ﬂ: Initial Water Temp. (°C): _ 209 Initial Water Temp. (°C): ,293:
Start Time (hh:mm:ss):_&lﬁﬁﬂ_ Start Time (hh:mm:ss): 5‘Q]’6M Start Time (hh:mm:ss): Z‘mEM

Target | Time Temp. | Target | Time Temp. | Target | Time Temp.
Reading | Taken |Grade| (°C) | Reading | Taken [Grade| (°C) Reading | Taken |Grade| (°C)

2min+15s| RIO6 | A | 2244 Pmin15s[ [ 4 [ D11 [2mn=155[9112. [ A | ot

thzsmin |9 [ 4 |95 F [th8mn |qin4 20 . [th8min [y 4y | 4 [o .=
Gh£45min| 21QL| 4 | 24,1 [6h*+45min| D )R 22,71 |6h%45min %,06 4 1924
Dispersive Dispersive Dispersive
Classification: Classification: Classification:
Additional water added to remold Additional water added to remold

Additional water added to remold
the specimen (Method B): l_| ¥ [ﬂ N | the specimen (Method B): m ¥ [q'N the specimen (Method B): r—| Y [Ft N

Remarkszm Ot ~toraed Yedding Fime —Yor O 3 Seer

Prepared By: Tested By: Birup. A Input By: Reviewed By: -
Date: Date:_R|R)12( Date: Date: i

FIG. X1.1 Example of a Crumb Test Data Sheet

Ixv



iy De572 - 13"

il

CRUMB TEST (ASTM D6572)

Project No.:

Boring No.:

Aldd@mo -E¥m &g

Project Name: 3!y (| oAl

Location: S“‘i\O@ LHi

Sample No.: ( :) 3 Depth: ( ). 2—3 l ft E m

Visual Classiﬁcation"_-gjonﬂj S AN Cioted <oty

Color: :s %. Btﬁ!!!"‘

Moisture Content of Sample: | |as-received | [insitu | | air-dried
Tare Number Wet Mass + Tare Dry Mass + Tare Tare Mass Water Content
(9) (9) (9) (%)

Z-41

1az 1

1Sy

264

2630

Specimen Specimen Specimen
Identification: B. A -3 Identification: B ’ A—3 Identification: 'E,A R
Spec. Container Spec. Container’] Spec. Container
Identification: (’_j’-_‘_ Identification: GT 2 Identification: 6 o7 g
Method: A (Natural) Method: || A (Natural) Method: A (Natural)
IT}e (Remolded) 18 (Remolded) V1B (Remolded)
Water Type: | | Distilled Water Type: | | Distilled Water Type: | _| Distilled
Type IV Type IV Type IV
Initial Water Temp. (°C): 2 l .6‘

Initial Water Temp. (°C): 2 Z. !

Initial Water Temp. (°C): 2 ] |f)

Start Time (hh:mm:ss): R12 (M |

| Start Time (hh:mm:ss):  * 8 D __\AM

Start Time (hh:mm:ss): 8‘ g Z HM

Target Time Temp. | Target Time Temp. Target Time Temp.

Reading | Taken |Grade| (°C) | Reading | Taken |Grade| (°C) | Reading | Taken |Grade| (°C)
2min£15s |9 | 4 [ 99 pmins15s| o] A [ D Lo [2mnz15s 4|4 [ 2148 ]
th=8min |94 4 [ IR 4 [th=smn [Fip 1| 4 < thesmin | 123 4 [ 22,
6hxasmin| 21 | 4 | 9.4, [6h=45min 904 1 [6h=4smin| 2D A | o

Dispersive Dispersive Dispersive
Classification: Classification: Classification:
Additional water added to remold

Additional water added to remold

Additional water added to remold

the specimen (Method B): ’\_zI'Y l_-l N

the specimen (Method B): [Cl Y. n N

the specimen (Method 8): [V v [ | N

Remarks: R\%Q\t@\rJ Toren Ot ~Br1es tesding -afm——\or Dlx|specfaan

Prepared By:
Date:

Tested By:

Date: 214120

Input By:
Date:

Reviewed By:
Date:

FIG. X1.1 Example of a Crumb Test Data Sheet
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CRUMB TEST (ASTM D6572) '

Adong- wn.@g
Project Name:m Location: _LZ:[:SQQ | ﬂé

Project No.:
Boring No.: Sample No.: ( )A Depth: M&D ft ‘E’m
Visual Classification: —} ] yne 1~ 3 <Lof color: R ey
Moisture Content of Sample: | [ as-received  [\Hinsitu [ Tair-dried
Tare Number Wet Mass + Tare Dry Mass + Tare Tare Mass . Water Content
(9) () (9) (%)

K30 1869 [ 164 | 212 | 164

Specimen i imen
Idegfiﬁcation: R( A-4 Idgggﬁlcrgggm TRA~4 Idzrr:gfc't;;tion: R. /\ - -4
Spec. Container Spec. Container Spec. Container
Identification: ﬁ 1 Identification: (:j’—)_ Identification: G -
Method: |_r A(Nam Method: \_— A (Natural) Method: \_/'A (Natural)
B (Remolded) B (Remolded) B (Remolded)
Water Type: Distilled Water Type: Distilled Water Type: Distilled
1 Type IV | Type IV B Type IV

Initial Water Temp. (°C):_2{. % Initial Water Temp. (°C):_DT)«f Initial Water Temp. (°C): _| 9] J2)
Start Time (hh:mm:ss): 2} 2Q£y_1 Start Time (hh:mm:ss): AAQEM_ Start Time (hh:mm:ss): 23 21 EN!

Target Time Temp. Target Time Temp. Target Time Temp.

Reading | Taken |Grade| (°C) | Reading | Taken |Grade| (°C) | Reading ! Taken [Grade| (°C)
2min £155[2399 23.Q [2min£15s[ 9190 [ 4 |20 F [2minz1ss| 2 1on| & \a.2
Lhx8min |R'2 B 2}_,4, Lht8min | Ry § 4 213 [th*8min | 212 4 14, 4
6h+45min| PV |3 93 . R [eh=asmin| B A 2> 8 [6h=asmin] RY A 20,8

Dispersive Dispersive Dispersive
Classification: Classification: Classification:
Additional water added to remold

Additional water added to remold Additional water added to remold
the specimen (Method B): [ | ¥ [V N | the specimen (Method B): [ ] v [+ N |the specimen (Method B): [ | ¥ [ N

Remarks:wms Afma —Jor o B Seacirdnl

Prepared By: Tested BY‘:&_&&A Input By: Reviewed By:
Date:

Date: Date: % 1712.5 Date:

FIG. X1.1 Example of a Crumb Test Data Sheet
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CRUMB TEST (ASTM D6572)

N

Addve~EmE0

Project Name: (xPre (s Ty id™

Location: | 2+ oo | BT

Project No.:
Boring No.: Sample No.: ()4 Depth: O 2-3 [ |t E’l‘n
Visual Classification: —}5 ol x| ey _<ahy Color: ’E\”auhn
Moisture Content of Sample: [ [as-received | [insitu | | air-dried
Tare Number Wet Mass + Tare Dry Mass + Tare Tare Mass Water Content
(9) (9) (9) (%)

Z-do

day g

187

218

2258

Specimen Specimen Specimen
Identification: | {%, A-4 Identification: g. A ~4 Identification: | “T<, ;A -4
Spec. Container = Spec. Container Spec. Container :
Identification: | ( i- el Identification: ~D Identification: 6’3
Method: A (Natural) Method: | _|A (Natural) Method: A (Natural)

L8 (Remolded) VB (Remolded) 1B (Remolded)
Water Type: Distilled Water Type: | | Distilled Water Type: | | Distilled
Type IV Type IV Type IV
Initial Water Temp. (°C):_ 2 1.1

Initial Water Temp. (°C):_2013.

Initial Water Temp. (°C): * ZQ (8

Start Time (hh:mm:ss): 8 b L AM

Start Time (hh:mm:ss): M

Start Time (hh:mm:ss): 8 "! 26 AH

Target | Time Temp.
Reading [ Taken [Grade| (°C)

Target Time Temp.
Reading | Taken [Grade| (°C)

Target Time Temp.
Reading | Taken |Grade| (°C)

2min15s| RV R DS

2minx155| R[4 [98.q [2mnz1ss 2914 | 204
th=smin [O726[ A4 |21 R [th=8mn [FT27 21 [th=smn [2F [ 4 219
6h45min| 21 A 2%, [sh=4smin| D15¢ 2319 [6hxdsmin] DV 4 [ 91T
Dispersive Dispersive Dispersive
Classification: Classification: Classification:
Additional water added to remold

Additional water added to remold

Additional water added to remold

the specimen (Method B): [y [ | N

the specimen (Method B): (=} v [ | n

the specimen (Method B): [V v [ | N

Prepared By:

Input By:

Remarks: %mqw\,\r e M Freet adle Yime —Yor 911 I seecf

Tested By:m
Date: Date: 21§} 21 Date:

Reviewed By:
Date:

FIG. X1.1 Example of a Crumb Test Data Sheet
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CRUMB TEST (ASTM D6572)

Addmd-¥mEQ
Project Name: & Sred Q!aj Location: l 3 +4OQ l Hj

Project No.:
Boring No.: Sample No.: QJ Depth: O Q- [ | E'm
Visual Classification: Stnet™ e <A Color: o< - Wwhn
Moisture Content of Sample: | [as-received  [“Jinsitu | [air-dried
Tare Number Wet Mass + Tare Dry Mass + Tare Tare Mass Water Content
(9) (9) (9) (%)

122.0

BAyaYS

24

1184

?F-:H

imen i i

Idzr[:g:ication: \B‘ A. 65 Idzzggggzn: (BA’ O: Idzsfigé:gg": EA - 07
Spec. Container . Container 3 i
l%entiﬂcation: C_}.‘L Sﬁiicntg‘zzattiaor;? G’L Sl;:lee%tﬁ';:tt?o:?r 67*_3
Method: | V1A (Natural) Method: | - A (Natural) Method: | “TA (Natural)

B (Remolded) B (Remolded) B (Remolded)
Water Type: Distilled Water Type: Distilled Water Type: Distilled

[ Type Iv | Type Iv [ | Type Iv

Initial Water Temp. (°C): Z ! oD

Initial Water Temp. (°C): 2 |, la)

Initial Water Temp. (°C): __ 2 [« ]

Start Time (hh:mm:ss): 2 ‘ZZEM

Start Time (hh:mm:ss): 2 \ zzﬁM

Start Time (hh:mm:ss): 2‘ ’——3£t\

Target Time Temp.
Reading | Taken |Grade| (°C)

Target | Time Temp.
Reading | Taken [Grade| (°C)

Target Time Temp.
Reading | Taken |Grade| (°C)

2min £155| 2124 | 4

2min+15s 2124 4

2min£15s| 9 194 .4

1h%8min L BPA 4

1h=8min 212% 4

Additional water added to remold

lh=8min =973 | <4
6 h & 45 min| =1 -4 6hasmin| 15| 4 6 h %45 min| ~{} A
Dispersive Dispersive Dispersive
Classification: Classification: Classification:
Additional water added to remold

Additional water added to remold

the specimen (Method B): [—l Y[*'[N

the specimen (Method B): [_] Ym N

the specimen (Method B):r—l Y I_I N

Remarks:

Prepared By:
Date:

Tested By: !sz A
Date: 5311212¢ Date:

Input By:

FIG. X1.1 Example of a Crumb Test Data Sheet
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CRUMB TEST (ASTM D6572)

-

Ad~EméEn
Project No.: Project Name: !'XQ!@!( hgj Location: f] iﬂgg) I H S
Boring No.: Sample No.: c ' )S Depth: (':).2 - | ft E’rﬁ
. - ° o0
Visual Classification: ﬂj vel FiyTrea ( 'Jﬂej Sott Color: m
Moisture Content of Sample: | [as-received | [insitu | | air-dried
Tare Number Wet Mass + Tare Dry Mass + Tare Tare Mass Water Content
(9) (9) (9) (%)

C 40

Jda6o

1198

204

26 a3

Specimen Specimen Specimen
Identification: R| A =00 Identification: /Bu A - QS Identification: ﬁ- A‘ OJ
Spec. Container Spec. Container Spec. Container
Identification: Identification: Identification:
Method: - A (Natural) Method: | | A (Natural) Method: | | A (Natural)
1 B (Remolded) - B (Remolded) 1 B (Remolded)

Water Type: | | Distilled Water Type: | | Distilled Water Type: | | Distilled

Type IV Type IV Type IV

Initial Water Temp. (°C):__D 1.2 |Initial Water Temp. (°C):_A._0

Initial Water Temp. (°C): _2_| «®

Start Time (hh:mm:ss): 7340 AM |

Start Time (hh:mm:ss): l‘ﬁo A M | start Time (hh:mm:ss): “ i_[_ A}f

Additional water added to remold

Target Time Temp. | Target Time Temp. Target Time Temp.
Reading | Taken |Grade| (°C) Reading | Taken |Grade| (°C) Reading | Taken |[Grade| (°C)
2min £15s (= A 4 210 2minx15s| i | 4 |9 14 [2minz1ss 12| <4 |9 L0
lh+8min | 5241 <4 2149 |Lh+8min 4] 4 | 21 R|thz8min Al 4 [9514
J6hasmin| )1 <4 [ 27 [sh+4smin] Tyv[ 4 [ 2.7 [6h=asmin| 1353] A | 93y

Dispersive Dispersive Dispersive
Classification: Classification: Classification:
Additional water added to remold Additional water added to remold

the specimen (Method B): rq—Y ﬂ N

the specimen (Method B): [V] Y[ | N

the specimen (Method B): "= v [ | N

eCinond

Prepared By:

Date: Date:

Date: 112127

Remarks: Raﬂﬁ!ﬂ&h&: —Rxen é}lr’fr\-\’h& et ’—30\' S 3
o
Tested By: M\ Input By:

Reviewed By:
Date:

NEW(

FIG. X1.1 Example of a Crumb Test Data

Sheet

\2
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CRUMB TEST (ASTM D6572)

- Em
Project Name: A (";‘(pyq,t_\"xle"\ Location: 34—‘4{0 V_HS

Project No.:
Boring No.: Sample No.: 06 Depth: (M2 -3 L_] ft [E’m
Visual Classification: "'Hv\g_l"\ Araned (-\ 1aer et Color: .9.3}“ i o
Moisture Content of Sample: | | asreceived [V Jinsitu [ Tair-dried
Tare Number Wet Mass + Tare Dry Mass + Tare Tare Mass Water Content
(9) (9) (9) (%)
M-1 [ ieee [ dcig | 279 |zon
Specimen Specimen Specimen
Identification: BA- & Identification: | T3, A ~ 6 Identification: :B. A .—6
Spec. Container

Spec. Container Spec. Container
62_\, Identification: 6‘ ~D Identification: | -3

Identification:
Method: | \}A (Natural) Method: | \4A (Natural) Method: | VA (Natural)
| 8 (Remolded) | B (Remolded) | B (Remolded)
Water Type: Distilled Water Type: | | Distilled Water Type: | | Distilled
| mpe v Type IV Type IV
Initial Water Temp. (°C):__ 2\ |Initial Water Temp. (°C):_ 2.2, )

Initial Water Temp. (°C): 2 2+ 0
Start Time (hh:mmss): |1 40PM | start Time (hh:mm:ss): _) 1 48PM | start Time (ohemm:ss): _ M AoPM|

Temp. Target Time Temp.
Taken |Grade| (°C)

Target Time Temp. Target Time
Reading | Taken |Grade| (°C) | Reading | Taken [Grade| (°C) | Reading

2min £ 15s| |\ <4 2_2‘0 2min+15s) Y] A 2)_,4 2min£15s| | \a5] 4 | 99
Lh8min |2v4g| 4 | 29,9 [th£8min o4l 4 [ Dx. ) [th=8mn | 5144 4 [ 2%.T
Gheasmin|"]\I6 | = [ )3 [shedsmn[ ' 3al 4 | 2g,g [6h=dsmin| 134 & [ 23X

Dispersive

Dispersive Dispersive
Classification: Classification: Classification:
Additional water added to remold Additional water added to remold

Additional water added to remold
the specimen (Method B): [ | Y[ | N | the specimen (Method 8):[ | Y[ | N

the specimen (Method B): m ¥ r—l N

Remarks: Rmﬁ\&e W i@p (\\U\‘\vﬁ —'hdf "}(...H'—\'ﬂ' S Spe cfhern

Prepared By: Tested By: ? A Input By: Reviewed By:

Date: Date: 3112129 Date: Date:

FIG. X1.1 Example of a Crumb Test Data Sheet
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CRUMB TESTY (ASTM D6572)
AR~ 1emE 0D )
Project No.: Project Name: !‘Xﬂ: !!35!&3 Location: Sﬁ ﬂ{n |2 tH
Boring No.: Sample No.: O G Depth: (), ~Tm m ft [E—m

Visual C'assiﬁcaﬁcn:—'\-‘?v\eﬂ Yatrea e el Sath

Color: :Dik .[_! “a_.‘{ 1

Moisture Content of Sample: | [as-received | [insitu | | air-dried
Tare Number Wet Mass + Tare Dry Mass + Tare Tare Mass Water Content
(9) (9) (9) (%)
Mu 1906 | 1ap | 209 | 2469
Specimen ecimen Specimen
Idegtiﬁcation: SR Idzrl:tiﬁcation: wA-B ldestiﬁcation: TRA 8
Spec. Container ) Spec. Container Spec. Container
Identification: (:‘r,i Identification: ( 12 Identification: G'ﬁ
Method: A (Natural) Method: A (Natural) Method: A (Natural)
[1_18 (Remolded) "} B (Remolded) 1| B (Remolded)
Water Type: Distilled Water Type: Distilled Water Type: | | Distilled
|| Type 1v Type IV Type IV
Initial Water Temp. (°C): 2 | ) Initial Water Temp. (°C):- 2 |. 0 | Initial Water Temp. (°C): _ D 1.2
Start Time (hh:mm:ss): 7]° § QAM Start Time (hh:mm:ss): -] {§0 AM Start Time (hh:mm:ss): 7| ! TOAM
Target | Time Temp. | Target | Time Temp. | Target | Time Temp.
Reading | Taken |Grade| (°C) | Reading | Taken |Grade| (°C) | Reading | Taken |Grade| (°C)
2minx15s) %7 | 4 | Dl [2minx15s Tl 4 | 24) [2minziss i IEABIY
Lh£8min | RV 4| <4 9§ |th+8min | Va2l <4 1. [thz8min &‘I 4| 222
Ghedasmin] T1a6] A [DAqg [6h=45min| NAG| 4 | 7 %R [6h=45mn 48l A1 240
Dispersive Dispersive Dispersive
Classification: Classification: Classification:
Additional water added to remold Additional water added to remold Additional water added to remold
the specimen (Method B): [ 1Y [ ] N the specimen (Method 8): [ 1] v [ ] N | the specimen (Method 8): [\y [ ] n

Remarks:rRo-Lo Aol
Prepared By: Tested By: BTYUE.A Input By:
Date: Date: 3|ts3128 Date:

FIG. X1.1 Example of a Crumb Test Data Sheet
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CRUMB YEST (ASTM D6572)

Boring No.: Sample No.: ()’ pepth: 1 Lf  []r B’ﬁ

visual Oassiﬁcation;:):"Mmﬁﬁ\'\,\a TR Color: i Tt

Moisture Content of Sample: | | as-received  [VAinsitu | | air-dried
Tare Number Wet Mass + Tare Dry Mass + Tare Tare Mass Water Content
(9) (9) (9) (%)

Z-4L |lao4 | Veou| 284 | 2239

Specimen i imen
Idesggcateion: C 2D W mggg;gﬁgn: (j‘ L il Idzrﬁgfgllcafion: C\J -1
Spec. Container Spec. Container Spec. Container
Identification: (:" =1 Identification: (;;, 2y Identification: @» -
Method: _L-_ A (Natural) Method: _L A (Natural) Method: :-A(Natural)
B (Remolded) B (Remolded) B (Remolded)

Water Type: | | Distilled Water Type: Distilled Water Type: | _| Distilled

Type IV Type IV Type IV

Initial Water Temp. (°C): 9 )od Initial Water Temp. (°C): J D>.,1 Initial Water Temp. (°C): 2D« '5

Start Time (hh:mm:ss): ZEQLEM Start Time (hh:mm:ss): )‘le Start Time (hh:mm:ss): 2‘ Q_XEM

Target | Time Temp. | Target | Time Temp. | Target | Time Temp.
Reading | Taken |Grade| (°C) | Reading | Taken |Grade| (°C) Reading | Taken |Grade| (°C)

2min 155|234 | A [224 [minz15s| Dlas [ 4 | 993 [2mn=15s[2veS | £ | Do.f

Lh=smn [292 [ 4 [23.6h [1P28mn | xtad | & 21 [thzsmn [0 | % [ 55 .9

shessmin[qigq | 4 [o4% [Shessmn[qiaq [ & [5X S [onzasmn| Jiaq | A | 54l
Dispersive Dispersive 3 Dispersive

Classification: Classification: Classification:

Additional water added to remold Additional water added to remold Additional water added to remold

the specimen!ﬁletbﬂd_ﬂ)i_' Y H N | the specimen (Method B): m Y l—l N | the specimen (Method B): m Y r—] N

Prepared By: Tested By: Input By: Reviewed By:

\WUA
Date: Date: M Date: Date:

—
Remarks: /\lfnj'\oﬁmp\h\( Dxrewn Auring 0 Rl

FIG. X1.1 Example of a Crumb Test Data Sheet

g fgme ~EmQcoy '
Project No.: Project Name: X . Location: 2 “\ 269 Cui AN ?Q"\
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" CRUMB TEST (ASTM D6572)

¢ Q™Md~ %"“6
Project Name&f ;_l;zsmgij . Location: Z_Ti ZGQ-C,! I} SQC_“'?OV\
Sample No.: O 1 Deplh;_LLt& |—] ft IE’ﬁ

Project No.:

Boring No.:

Visual Classification: Aﬁy\o N\ Votvea F Q-'( a Sovl Color: '\fu\m;s»\ -E“hu“\
J

Moisture Content of Sample: | [as-received | Jinsitu [ [air-dried
Tare Number Wet Mass + Tare Dry Mass + Tare Tare Mass Water Content
(9) (9) (9) (%)

230 |133.0 | 1&"% 27168 = P

Im 1

ldzgggcaggn: (-: R Idggggé::gn: ﬂ& -\ Idzg;?icmateign: (‘\ e

Spec. Container Spec. Container Spec. Container

Identification: (;J,_L Identification: (ﬁ», 51 Identification: @— ~3

Method: | | A (Natural) Method: | [A (Natural) Method: | fA (Natural)

-8 (Remolded) \-}-B (Remolded) 1B (Remolded)

Water Type: - Distilled Water Type: - Distilled Water Type: | | Distilled

Type IV Type IV

Type IV
Initial Water Temp. (°C): 3} «4 Initial Water Temp. (°C): 2.1+ & Initial Water Temp. (°C):_2 |, &

Start Time (hh:mm:ss): _L} AOAM Start Time (hh:mm:ss): .-L\IAQAH Start Time (hh:mm:ss):__L‘ A\ M\

Target Time Temp. Target Time Temp. Target Time Temp.
Reading | Taken |[Grade| (°C) Reading | Taken |Grade| (°C) Reading | Taken |Grade| (°C)
2min £15s |‘\_41 4 [ D1 [2min£15s a —~ | 21\q [2min£15s| [vam @1 A‘q
th:smin [9'240] < |2 )y [th£8min Nl 4 )‘2.& 1h+8min ‘ol 1 [ 9523
A DR R [sheasmin[THiad [ 4 [ D3 [6hzasmn|SFedr | 4 | oA

6 h £ 45 min| R4
Dispersive‘r Dispersive Dispersive
Classification: Classification: Classification:
Additional water added to remold

Additional water added to remold Additional water added to remold
the specimen (Method B): [t}'Y m N | the specimen (Method B):[\T_| Y m N | the specimen (Method B): ]T—] ¥ |_| N

Remarks! ] Yo AmORY —//bm O "}‘d—k‘!Qﬁ Yooc0¥n g f-\'1°~\q

Prepared By: Tested Byzm A Input By: Reviewed By:
Date: Date:_ 3| 124128 Date: Date: y
O .
1o L MEWT DRt

FIG. X1.1 Example of a Crumb Test Data Sheet

6
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CRUMB TEST (ASTM D6572)

Project No.:

Boring No.:

Sample No.: E ) Eg Depth:_Z_jz}ﬂ _thmﬁ

AP oy oy

Project Name: 7654]‘"2913“%1 Location: 2 )4+ O30 (it le Q‘lo\/

Visual Classiﬁcationaj' *h e\ 3&‘[ Wb ( Sﬁej N \

Color: '\“L) L ouiSk»E‘wv\

Moisture Content of Sample: | [as-received  [Linsitu | [air-dried
Tare Number Wet Mass + Tare Dry Mass + Tare Tare Mass Water Content
(9) (9) (9) (%)

2!

1364

1R

248

2116

Initial Water Temp. (°C): 2 Q\3

imen i imen

Idzsfig?;;on: f“ I- Z Idggfi?igggn: Gj—l Idzsggcrggon: GJ - L
Spec. Container . Container X iner
I’:::Ientiﬁcation: (’ Yl SIr:jeecntiﬂcationt:2 Cj’\;, Sk S{:iee‘;\ticﬁzra‘tt?o:? GF*S
Method: t-A (Natural) Method: [V—{A (Natural) Method: t A (Natural)

B (Remolded) B (Remolded) B (Remolded)
Water Type: Distilled Water Type: Distilled Water Type: Distilled

[ Type v [ | Type Iv | Type Iv

Initial Water Temp. (°C): 2Q~3 Initial Water Temp. (°C): 2.0 \5

Start Time (hh:mm:ss): 3:‘ ) [‘&

Start Time (hh:mm:ss)m Start Time (hh:mm:ss):m

Target Time Temp. | Target Time Temp. Target Time Temp.
Reading | Taken |Grade| (°C) | Reading | Taken |[Grade| (°C) | Reading | Taken [Grade| (°C)
2min £ 15s qm"] 4 96 [2min£15s ‘v 4 10‘1 2min%15s ',"Hj& L Do
thxgmin [ RIVG| 4 [n].a [th28min bl 4 [ D1 q [thzemn [ReS] F [ D0
6hxasmin] $\fA[ 4 [922:7 [shzasmn| T ea| 4 [ D>, [6hzdsmn| Nipa| =] DD

Dispersive Dispersive Dispersive
Classification: Classification: Classification:
Additional water added to remold Additional water added to remold

Additional water added to remold

the specimen (Method B): [ | Y[ | N

the specimen (Method B): m Y I—I N

the specimen (Method B): m Y r—l N

Prepared By:
Date:

Date: w

Input By:
Date:

Reviewed By:
Date:

Remarks:(R-\e YAV N /‘\lmh H “siv0d heodtive Hea
Tested BV:M ¢S

FIG. X1.1 Example of a Crumb Test Data Sheet
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CRUMB TEST (ASTM D6572)

DM~ MG v

Project No.: Project Name: L~ Location: Z 3 io {6y ( H‘~-—JQ C"'\OV\
Boring No.: Sample No.: ( ;):a’ Depth:__2.4 _D ft [E—m'/
Visual Classification: "kv\a\“\ Sraine o (131t Sef Color: i S

7

Moisture Content of Sample: | [as-received | [insitu | [air-dried

Tare Number Wet Mass + Tare Dry Mass + Tare Tare Mass Water Content
(9) (9) (9) (%)
280 | 1961 | daia | 276 | 2556

Specimen

Specimen Specimen
CJ -2 Identification: (\\\r ~ ) | identification: | (3§~ D

Identification:
Spec. Container Spec. Container > Spec. Container >
Identification: 7 4 Identification: |  ( J=2 Identification: (ﬁ; ~1
Method: | [A (Natural) Method: || A(Natural) Method: | | A(Natural)

18 (Remolded) B (Remolded) B (Remolded)
Water Type: Distilled Water Type: - Distilled Water Type: | | Distilled

Type IV Type IV Type IV

Initial Water Temp. (°C): 20. 3 Initial Water Temp. (°C): 2( ]|8 Initial Water Temp. (°C): ZQ)‘—:‘.'

Start Time (hh:mm:ss): 2 1024M | Start Time (hh:mm:ss): 2 ‘o zm Start Time (hh:mm:ss):m‘

Target Time Temp. Target Time Temp. Target Time
Reading | Taken |[Grade| (°C) | Reading | Taken |[Grade| (°C) Reading | Taken' |Grade| (°C)

Temp.

2min+15s(Dipga | < D) [2min£15s 2_[04 - S1.8

2min=15s| 2iaal 4 11,7

24 R [th=8mn | <10} P [ o).

Lh8min |2'0% 4 7“3 Lthe8min [eVgn| <4
o | 4 L?‘-‘Lsnusmn ‘ar [ a3l

6hxasmin| Ko <F| Do A

6 h £ 45 min
Dispersive Oispersivev Dispersive
Classification: Classification: Classification:
Additional water added to remold Additional water added to remold

Additional water added to remold
the specimen (Method 8): [ 11.Y[ | N

the specimen (Method B): [Ty [ | N | the specimen (Method 8): [ v [ | N

Prepared By: Tested By:. ‘-l’U Input By: Reviewed By:

<
Remarks: /_}%«»QW\NI "")344»\ Dt s feasivg YPee |

Date: Date: Sl 1 ”2 r Date: Date:

FIG. X1.1 Example of a Crumb Test Data Sheet
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CRUMB TEST (ASTM D6572)

Project No.:

Boring No.:

éde \L"‘\ [S1R)
Project Name: = XD Location: ;Sﬁl-j:z ﬁ 2 éjt

Sample No.:

Depth: q. 8 [—I f Efn'

VqsualOass-fcauon-ﬂlbg)j Ehﬁ‘:dg] ( Sﬂj é“

Color: TS J[j kaj

Moisture Content of Sample: l | as-received l Vf in situ l air-dried
Tare Number Wet Mass + Tare Dry Mass + Tare Tare Mass Water Content
(9) (9) 9) (%)

¥r | tarn

2

143 4

2684

2348

Initial Water Temp. (°C): 3 2~3

Specimen cimen Specimen
Idegtiﬁcation: S,f - Idzggﬁcat‘ion: S C» OA Ider‘:tiﬁcation: 5: C ol
Spec. Container Spec. Container Spec. Container
Identification: 6’- 19 Identification: (:\'.. 3. Identification: G'v—s
Method: [ A (Natural) Method: | “A (Natural) Method: | YA (Natural)
B (Remolded) ™| B (Remolded) || B (Remolded)

Water Type: Distilled Water Type: Distilled Water Type: | _| Distilled

Type IV | Type Iv Type IV

Initial Water Temp. (°C): ‘2 )« 2 |Initial Water Temp. (°C): 2352

Start Time (hh:mm:ss): Y2 @ zdj

Start Time (hh:mm:ss): EP_QAM Start Time (hh:mm:ss): X(J‘LAM

Target Time Temp. Target Time Temp. Target Time Temp.
Reading | Taken |Grade| (°C) | Reading | Taken [Grade| (°C) Reading | Taken |Grade| (°C)
2min+ 155|492 | < 22.8 2min£15s|enny | 4 208 [2minx15s| P2y | 4 LG
the8min [Fig0| 4 [P [th8min [y F [ 7.3 [th=8mn | gtp| 4 IR, @
6heaSmin| )10 4 [P4.8 [sh=dsmin] Dvjg [ | 249 [6h=da5mn] 2 4[24

Dispersive Dispersive Diépersive
Classification: Classification: Classification:
Additional water added to remold

Additional water added to remold
the specimen (Method B): I—l Y l—[ N

Additional water added to remold
the specimen (Method B): m Y f—( N

the specimen (Method B):[ | v [ | N

Prepared By:
Date:

Remarks:?m—\oo\\'gm\\ "'1'9—#4_;»\ &U\'\;\u‘? —\3\’3&\" *:‘

Tested By:Bme_,A
Date: :S] \6\or

Input By:
Date:

Reviewed By:
Date:

FIG. X1.1 Example of a Crumb Test Data Sheet

3, (e
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i

CRUMB TEST (ASTM D6572)

I~ G0
Project No.: Project Name: Pyl Y Location: H"' 2_6 Z- S‘heé’v\ G"éw'\‘d

Boring No.: Sample No.: @) C\ Depth: q: 6 D t E‘m

Visual Classification: i’]\,\qﬂ E!Hﬁ:gd ( Sﬁe_,[ Sc;fl Color: Q&[L_»_Q-rdj_

Moisture Content of Sample: | | as-received J I in situ I air-dried
Tare Number Wet Mass + Tare Dry Mass + Tare Tare Mass Water Content
(9) (9) (9) (%)

M | 1945 | 181 | 259 | D4ue

Specimen i cimen
Ideﬁtiﬁcafion: 5 0 ldgr‘::;gggn: S‘ C O Ides:gteiﬁcafion: S\C- oL
Spec. Container Spec. Container Spec. Container
Identification: G’»_\‘ Identification: C__r r2 Identification: 6"3
Method: [ [A (Natural) Method: | | A (Natural) Method: | | A (Natural)

\}-B (Remolded) \B-(Remclded) B (Remolded)
Water Type: | | Distilled Water Type: | | Distilled Water Type: | | Distilled
Type IV Type IV Type IV

Initial Water Temp. (°C):_2 {\ S’ Initial Water Temp. (°C): 21« q Initial Water Temp. (°C): D.{: |
Start Time (hh:mm:ss): _2_‘! ngM Start Time (hh:mm:ss): ) ! Start Time (hh:mm:ss): fg‘ gﬁﬂ

Target Time Temp. Target Time Temp. Target Time Temp.
Reading | Taken |Grade| (°C) | Reading | Taken |Grade| (°C) | Reading | Taken |Grade| (°C)
2minx 1559122 | 4 [D]|.,q [2min£15s 202 4 2.\ [2minzi1Ss 2"22_ 24 (1213
Lh£8min [Jipp 4 [ 2. Bfthxsmin 0D 'f 28,2 [th=8min | Rise] 4 | 99.7
oheasmin] B1QU| 4 [24.Q [h=s5mn| Sal| « |24.9 [shzasmn] Holl & [ 044

Dispersive Dispersive Diépersive
Classification: Classification: Classification:
Additional water added to remold Additional water added to remold Additional water added to remold

the specimen (Method B): [q Y [_] N | the specimen (Method B): Iq Y r—l N | the specimen (Method B): [\_/1' Y [—I N
Remarksz/“\’,—ﬁ—\e APy Pren et ’3@’(31'\'— \If&:k;ﬁvﬁ f-\ﬁ nd)

Prepared By: Tested By: [g\ ﬂ !E.A Input By: Reviewed By:
Date: Date: _:Tl 10\2( Date: Date:

FIG. X1.1 Example of a Crumb Test Data Sheet

6
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CRUMB TEST (ASTM D6572)

S B o .
Project No.: Project Name: SEXRE { |‘\(_u] Location: Z E'L j‘ O ( s }_—S o Ciown
Boring No.: Sample No.: ) g Depth: Z‘! _D ft E/m
Visual Classification: = ra$ Hot St Color: suttlt. ‘Risum
Moisture Content of Sample: | [as-received | [insitu | [air-dried
Tare Number Wet Mass + Tare Dry Mass + Tare Tare Mass Water Content
(9) (9) (9) (%)

Z-4L

2000

161

2.3

2634

Specimen Specimen Specimen
Identification: T\t’/o (Ftpstim | 1dentification: | < *)y (Gpsywq | Identification: \’r"/c Cripsum
Spec. Container & Spec. Container Spec. Container
Identification: G, -\ Identification: p 58 Identification: F\}'(
Method: A (Natural) Method: A (Natural) Method: A (Natural)
=1 Remolded) = B (Remclded) B Remolded)

Water Type: Distilled Water Type: Distilled Water Type:  Distilled

| Type 1v | Type Iv | Type v

Initial Water Temp. (°C): D0« h

Initial Water Temp. (°C): _9_ Q - o

Initial Water Temp. (°C): 20 |

Start Time (hh:mm:ss): 8'3; _ALM

Start Time (hh:mm:ss): a‘ SJAM Start Time (hh:mm:ss): S}@ AM

Target Time Temp. Target Time Temp. Target Time Temp.

Reading | Taken |Grade| (°C) | Reading | Taken |Grade| (°C) | Reading | Taken |Grade| (°C)
2 min 155 [ 2 [ Do) [Pminiss| Ry ] 2 [ I [2min=15s| R'31[ 2 | Do)
Lh=8min |g'y) | 2 20q [th*8min [Q\F9 [ 2 21} [th=8min | glizq | 2 AR g
6h+45min[D '3 2| Yr.4fEhEasmin] I3vg | Z- [ D) .gl6h=4smin] D] 2 [ 23.0

Dispersive Dispersive Dispersive
Classification: Classification: Classification:
Additional water added to remold Additional water added to remold

Additional water added to remold

the specimen (Method B): m Y |_] N

the specimen (Method B): m Y [——I N

the specimen (Method B): ,ﬂ Y m N
Remarks:

Prepared By:
Date:

Tested By:

Date: 3!_!_6[)_[‘

con

)
1J Input By:
Date:

FIG.

X1.1 Example of a Crumb Test Data Sheet
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CRUMB TEST (ASTM D6572)

Fh5s BE0 ' "
Project No.: Project Name: _ X Pl ( (W iogifions o2 ]_JLOJQ ( '))H:—.(QQ:H av)
Boring No.: Sample No.: (\f?) oept:_ D4 [ n[He
Visual Ciassification: ﬁgﬂ ﬂr;”,_.gd Cladort Sea Color: tgnm;‘!gh.g’ﬂ._m

Moisture Content of Sample: l | as-received ] [ in situ | air-dried
Tare Number Wet Mass -+ Tare Dry Mass + Tare Tare Mass Water Content
(9) (9) (9) (%)

k'@“ 2000 | 162.3 214 2741

Specimen i imen

Idegtiﬁcation: ‘—b i ’ o Glesyh miﬁﬁﬁgﬁgn: 3o G’“’-SU ™ ldc-szszgcagon: b5 61 PSUM
Spec. Container Spec. Container Spec. Container

Identification: ’_x r_h Identification: (:Y r) Identification: Gj’

Method: A (Natural) Method: | | A (Natural) Method: | A (Natural)

\_|B (Remolded) 8B (Remelded) B (Remolded)
Water Type: Distilled Water Type: L Distilled Water Type: | | Distilled
Type IV Type IV Type IV

Initial Water Temp. (°C):_D |+ 9 Initial Water Temp. (°C): D | & Initial Water Temp. (°C):_ | 3
Start Time (hh:mm:ss): M Start Time (hh:mm:ss): 3 g ) ﬁM Start Time (hh:mm:ss): M

Target Time Temp. Target Time Temp. Target Time Temp.

Reading | Taken |Grade| (°C) Reading | Taken |Grade| (°C) Reading | Taken |Grade| (°C)
2min£155|Qlga | 2 | D) g [2min15s q‘M 2 1.9 [2mnz15s| qred | I 'Q_L
Lh£8min [} magy| D 9'(,_L 1h£8min '.'O_l'. Py 97‘% 1h=8min ot 2 (ot

6h£45min| 9\ @ 2 ﬂl, 6 h = 45 min ZI'rG . §4|1 6hxd5min| 24 2 L_"/
Dispersive Dispersive ) Dispersive
Classification: Classification: Classification:
Additional water added to remold Additional water added to remold Additional water added to remold

the specimen (Method B): q«Y m N | the specimen (Method B): [—LL)( m N | the specimen (Method B):ﬁ;l Y [_-l N

Remarks: :\’E A S "\me\ Q\Uﬁn?_‘l —klrgm— \(Qsa'ﬂvs i~
Prepared By: Tested By:m Input By: Reviewed By: /% N
w

- ,\;\

WPELHI} 5 |

Date: Date: J)|R\D.f Date: Date:

FIG. X1.1 Example of a Crumb Test Data Sheet

6
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CRUMB TEST (ASTM D6572)

s TR V=D &
Project No_.:—__ 3 Project Name; a?ww _ Location: Z'j—moﬁclj +‘J¢C’,"\ N

Boring No.: Sample No.: m& Depth: 24 m ft [E’rh
Visual Ciassrﬁcau:m—#ﬁk et ﬂtﬁ“mvcp?‘gj &?L Color: jmuv\

Moisture Content of Sampla: l I as-received r_I in situ I air-dried
ass Water Content
(%)

Tare Number Wet Mass + Tare + Tare Tare

(9)

M1 | 190.0] Igac | 269 | Dogs

Specimen Specimen Specimen .
Identification: he,]“ G fuma] dentification: o9, @EJ“—' Identification: | Yo, (D_I‘:P_A_“r
Spec. Container Spec. Container 5 _onte
Identification: 1, [dentification: ( E § ) ol 6&‘»5
Method: ( Method: Al 1ral) X A (Natural)
VIE (Remolded) B (Remoldad)

Water Type: Distilled Water Type Distilled Water Type: | - | Distilled

Typa IV Type IV Type IV

2 (“C‘;:_l] ,3 | Initial Water Temp. (°C): m&_

Initial Water Temp. ’"»Z'f.:ll,l | Initial Water Te;

Start Time (hh:mm:ssi: X Start Time (hh:mm:ss): Start Time (hiv:mm:ss)SP
A . 31 hd V0

e femp. | Target Time Temp.
Taken |Grade| (°C) Reading | Taken |Grade| (°C)
830l 4 |21 Bzl 4 [ 20y
G 1 e I P T L = TP M M P
2 oA i ovan | 4 [Dga |

Target Time Temp.
Reading | Taken |Grade| (°C)
2min=15:| %0 <4 | D18
AL ST N B )
62 45 min oL 4 1218

ydded to remold Additional » ydded to remold

Rraant
) m Y l_l 0d B): m b4 [—I N | the spacimen (Method B): ’qfv [_I N

Remarks: Mﬁg@@.@y&%-ﬂﬁiﬁ%
Prepared Tested P’E\'ﬂgA ARLERNE

yate: ¢ l'mrezﬁlM Date:

FIG. X1.1 Example of a Crumb Test Data Sheet
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CRUMB TEST (ASTM D6572)

133 ~EMEO
_ExPre(punt

Project No.: Project Name: |- ~ Location:
Boring No.: Sample No.: C’)% Depth: ,D_A- [r IE'm
~o - A .
Visual Classification: "\‘1 nal “Watgw e _Soft Color: ow o h
Moisture Content of Sample: | [as-received [ [insitu | [air-dried
Tare Number Wet Mass + Tare Dry Mass + Tare Tare Mass Water Content
(9) (9) (9) (%)

Z-30

Joo L

1608

276

21.89

Specimen | Specimen Specimen
Identification: J,O"]vém‘&\lw Identification: s &1%}[»« Identification: ] o[ 6‘“:5““4
Spec. Container Spec. Container Spec. Container
Identification: J-1 Identification: - Identification: T2
Method: | |A (Natural) Method: A (Natural) Method: - A (Natural)
1B (Remolded) 8 (Remelded) | B (Remolded)

Water Type: | | Distilled Water Type: | | Distilled Water Type: | | Distilled

Type IV Type IV Type IV

Initial Water Temp. (°C): 2 ] ) Initial Water Temp. ("C):_M

Initial Water Temp. (°C): 2 l. |

Start Time (hh:mm:ss): MAH_

Start Time (hh:mm:ss): Mﬁ_

Start Time (hh:mm:ss): 8‘.&\ &M

Target | Time Temp. | Target | Time Temp. | Target | Time Temp.
Reading | Taken |[Grade| (°C) | Reading | Taken [Grade| (°C) Reading | Taken |Grade| (°C)
2min15s| R4y [ L [ D)4 mint1ss| Ry [ 1 [ D], L [2minz1ss 24zl L [ 21y
thesmin [Fi4o | 1 192,) |[th*8min [Gl4e] | [ 90 & [thzsmn [Flael 3 [ D9, 4
Ghedsminf 3y | L |28 .C [6h*45minf Durn| | [ 23,9 [6hxdsmin[ Digal L | 97, R

Dispersive Dispersive Dispersive
Classification: Classification: Classification:
Additional water added to remold Additional water added to remold

Additional water added to remold

the specimen (Method B): V] Y[ | N

the specimen (Method B): m Y [_-I N

the specimen (Method B): M Y H N

- Jo.Chiov

Remarks:

%w%mmr oren s el )weeﬂv&\ A—?-v{

Prepared By:

Tested By:ETN X_,_/ ‘ Input By:

Date: Date: 3] 11128 Date:

Reviewed By:

5L

Date:

FIG. X1.1 Example of a Crumb Test Data Sheet
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CRUMB TEST (ASTM D6572)

"™

%

23 -EmE O
Project N(‘v:_— N Project Name _Expmuﬁ Location: Zj '—"-QIO-~C\LH:!~ Q
Boring No.. Sample No.: (\)8 Depth 24 m ft [E,“

Visual C'a“’““‘"Of’:):?bq_\jﬂr&gmgdvgﬁ§1’5&' Color: 7 IQ,“(;!! !“ShEb_,JV\

Moisture Content of Sample: l l as-received I ] in situ | air-dried
Tare Number Wet Mass + Tare Dry Mass + Tare Tare Mass Water Content
(g) (g} (9) (%)

Z-41 | 9q.3 | 1§ 8% | 244

e

Specimen Specimen Specimen
Identification: !ﬂ“l"( i:\h\\-\(\. Identification: ._\.0”6 Unce | [dentification: _La.l/ aicd

Spec. Cantainer Spec. Contai Spec. Container

Identification: ("lr,‘L Identifica

Method: A (Natural) Method: \ (Natural)
t.B (Remotded ) —\; B (Re (Remolded)

Water Type: || Distilled Water Type ] Distifled Water Type: | | Distilled

T Type IV Type IV

: 20 |Initial Water Temp. (°C): Jon@y | Initial Water Temp. (°C): __2_0_._3._

Initial Water Temp. (

Start Time (hh:mm:ss): X\ﬂm Start Time (hh:mm:ss): 8“43 AV_\» Start Time (hh:mm:ss): BH‘_'._A)'_\_

Target Time Tcmr.). Target Time I(:mp. Target Time Temp.
Reading | Taken |Grade| (°C) | Reading | Taken |Grade| (°C) Peading | Taken [Grade| (°C) |
: 2Py [PORE 15| Sl 20

2 min = )¢ 5‘4L 4— Z-D'q 2 mi
thesmn [Qine | 4 [1f |
6h =45 min| Jig A | 29,& [6rxdsmn 2__4(

CoiR\42] 4 “
ol 4 19y Ihe8ah byianl &) S0
< 1 994y prsmolypal | o1 229

Additional water adds od to remold

o T FET 3
the specimen (Method BY: {t]- [ n | the soecimen (Metho H“R [ 4 fthe specimen (Metnod 8): [ v [ ] N

Remarks: m\g@\ ;:t;*:m_ !1 0\“5
i By:_ Tested 3‘:‘%@ Input By

Prepared

Date: I).;:fx._‘_‘,_a‘zl_ Date:

FIG. X1.1 Example of a Crumb Test Data Sheet
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CRUMB TEST (ASTM D6572)

MW Go

Project No.: Project Name

Sample No.:

el

Location: 21_‘—}*0:[‘0;@“‘:& C:ﬁ,'bﬂ
Depth: H D ft @‘

Boring No.: @ %

Visual Ciassification f:}{l’\ m—jfdk\‘\/-\@d_c_l éid—&ﬁ

ool ol tn o

Moisture Content of Sample: I ] as-received ] ] in situ I air-dried
Tare Number Wet Mass + Tare Dry Mass + Tare Tare Mass Water Content
(9) (@) (9) (%)

Z-44 laa.

1982

274

21,43

Specimen

Specimen
Identification:

Identification:

).m")ﬁm

)—O s /n l\w.c{'a

Specimen

Identification:

M;%\?CQ

Spec. Container

Spec. Container
Identification:

Identification:

Cr2

Spec. Container
Identification:

Cra

Method:

A (Natural)

Method: A (Natural)

Method: A {Nat
U1 8 (Remolded) L6 (Remolded) L8 (Remolded)
Water Type: | | Distilled Water Type Distilled Water Type: || Distilled
| Type Iv Type IV
Initial Water Temp. (°C): A:_G_

Initial Water Teap. {‘)C)‘,l‘\' 8 N

Initial Water Temp.

Start Time (hh:mm:ss} Am Start Time (hh:mm:ss): l‘lifo%"l K

Start Time (hh:mm:ss): D3 T 1 P

Target Time “.'mp. Target Time Temp.

Reading | Taken |Grade Grade ’C) Taken [Grade| (°C)
2 min = 15 « 2: oo 4» 2]-% T 13 2—’ = 4 thh
th+8min | wv 1) -4 4 204 “+ 22:0
6h =35 on [y a0 4 ZABY Y. s ol -

2 :
Dispersive
Ciassification:

Additional water ar

2d to remold A
the specimen (Method B): m ¥ m N {the

Remarks:

Tested l}‘,ﬁgmk‘A Input By
[)utp:ﬁj ql_u Date:

Prepared By:

Date:

FIG. X1.1 Example of a Crumb Test Data Sheet
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CRUMB TEST (ASTM D6572)

Project No.:

Boring No.:

T W
Project Name = Mua‘\ _ Location: 7)_:':]:0—3_‘0_ L\J’F 5y Cﬁa\q
O 8 Depth: 2.4 I_I lis % 4

Sample

Visuat Classification: _—_ﬁ*‘{w_t 3\’6‘1\9—47@&1—!—&7 v

Color: ﬁe)unu:\_\hgm"\

Moisture Content of Sampla: |

air-dried

| as-received I I in situ I

Tare Numbe
(g)

Wet Mass + Tare

Water Content

Dry Mass + Tare Tare Mass
(%)

(g) (9)

Tae

20000

240

\dr | 28¢

Specimen
Identification:

\0% o i'\\.f&u

Specimen
e s e

Spec. Container
Identification:

& NN

Spec. Container
Identification:

-3

Identification:
Cr->

Method: A (Natural) Method. A (Natural) Method: A (Naturat)
LB (Remaolded) M6 (Remoided) = B (Remolded)
i Water Type Distilled

Distilled
Ty

Water Type:

Water Type:

Type IV

Initial Wate: Temp.

Initial Water Temp. (°C): S} l.s

Initial Wate

Start Time (hh:mm:ss): ?Bj‘mm

Start Time (hh:mm:ss): g"MM Start Time (hh:mm:ss): ~8‘+2ko

2 min = 155 | QN =®_IINR

Target Time Temp. Time Time Temp.
Reading | Taken |Grade| (°C) Taken |Grade Taken |Grade| (°C)
IR PITA

0

thxgmn [Qlya] 3

21.9

Qual 3

9\‘.q
2 ?14‘

il I1T5- 0

1

>
)

—

ghessmin] Yama| 3

Classification:

Additional water adds

kv [ s

the specimen (M

Rema

Prepared By:
Date:

/_:\ﬁﬁsgé@ “ T

kA Input By

Date

FIG

X1.1 Example of a Crumb Test Data Sheet
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1

CRUMB TEST (ASTM D6572)

Moisture Content of Sample:

Tare Mass

- EQ .
Project No.: Project Name:”_ —&RGJ.SW:L— Locatien: m__g_}t SQ.Q'\Q n
Boring No.: Sample No.: Q i ) Depth: 2.4 I—l it Eﬁﬁ
Visual Classification ':)ﬂ\mjm&e,,ca dé.j < Son Color: SR
[ I as-received ] I in situ l air-dried

Water Content

Wet Mass + Tare

Dry Mass + Tare

Tare Number
(g)

(9)

(9)

(%)

M-

LW

BIAWS

2 rq

28067

Spacimen

Specimen Specimen ?
Identificaton: | Pao A’—P‘M\fo Identification:  [Toein WyaCeyg | [dentification: M)At ca.
Spec. Container = Sl . Spec. Container s Spec. Container N y
Identification: (l_c‘,_\L Identification: G_, 5 Identification: (;‘rﬁ
Methaod: . A (Natural) Method: - A (Natural) Methed: . A (Natural)
V8 (Remolded) 1B (Remolded) Y8 (Remolded)
Water Type: | | Distilled Water Type: poo] Distilled Water Type: | | Distilled
Type IV Type IV Type IV
Initial Water Temp. {°C):_),\LQ“ Initial Water Temp. (°C): 2 !(Q

Initial Water Temp. (°C): 2\_.70

Start Time (hh:mm:ss): a\ %w Start Time th:mm:ss‘:é“MM_ Start Time (hh:r

mm:ss): &ﬁ__’LAﬂ_

Target Time Temp. | Target Time Temp. Target fime Temp.
Reading | Taken |[Grade| (°C) Grade >C) Reading | Taken |Grade| (°C)
pmin=155 SNAR] 3 | D) @fer 3 Oy fprminstsshlaaql X | D1y
Lb£Bmin EAv Al w1 NN a8 [T LU = W T
6h =45 min| 1 e 23R [En=asmn] Jiad 3 [ 9=3

Dispersive - Dispersive
Classification: ication:
Additional water added to remold Additior A water added to remold
the specimen (Method B): [ LY [ ] & | the speciman (4 N [ the specimen (Method 8): [ y [ ] N

Rcmrk'ﬂm__—'%q

Input By:

Prepared By:

Tested By g

A

Date:

l)a:e!:ﬁ—‘__!élﬂ

Date:

1O
1%

FIG. X1.1 Example of a Crumb Test Data Sheet
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1]

CRUMB TEST (ASTM D6572)

Project No.:

Boring No.:

Sample No.:

@a‘ BN
Project Name:  (— M‘i&i _ Location: Z‘:\'m_@*d

Depth:

7,4'_ m ft E—m

I —— Pt
Visual Classzﬁcanoéf Y\mjkﬁi mdwacr:l&i_;df 1

B =

P

Moisture Content of Sample: I

] as-received

r lun situ l .

air-dried

Tare Number

Wet Mass + Tare
(g)

Dry

Mass + Tare
(9)

Tare Mass

(9)

Water Content
(%)

Cao

Jdag. 1

lan .t

254

286 &1

Specimen
Identification:

Specimen
Identification

ool oy O

Specimen
Identification:

=

Spec. Container
Identification:

ane

Spec.
Identification:

] (.

Spec. Containet

Identuification:

(3=a

Method: | JA(
B (

Method:

A (Natural)
LLE (Remolded)

Method:

- A (Natural)
13 (Remolded)

Water Type:

Water Type:

Distilled
Type IV

Water Type:

Distilled
Type IV

Initial Water Temp.

("(.’):2_‘_,‘ 2

Initial Water Temp. (°C): 21. ’S_

Initial Water Temp. “T‘:“'.Z-"LA

Start Time (hh:mm:ss): B)m l!&

Start Time (hh:mm:ss): gmAM Start Time (hh:mm:ss): é‘&AM_

Target Time Temp. Target 2 lemp. Time Temp.
Reading | Taken |Grade| (°C) Re 1 | Taken |Grade °C) Reading | Taken |Grade| (°C)
2 min = 15 s oy | 4 l\‘L 2 min + 1 el 22,2 min £ 15§ .%t A n1.D
ih=smn IQWal 4 |30, finesm T\ g Too [hesmn | Qe 5 [~y
ehE 95 mio f INERs) b i R 4 2| Oy [6n=5min] Supal 4] 20

Dispersive
Ciassification:

Additiona!

ed to remold

. ::‘, men (Metiod B): Ay [ ] N

Input By

Date:

FIG. X1.1 Example of a Crumb Test Data

Sheet
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