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Chapter 1 Why do we need to study soil?

1) What kind of civil engineering structures do we build?

(D) Permanent structure

- Permanent structures are social infrastructure structures such as permanent earth structures
(embankments), concrete, and steel structures.

- For example, roads, rivers, levees, bridges, dams, tunnels, drainage channels, subways, monorails,
etc.

- They are built on the surface of the ground or underground.

- Permanent structures have a lifespan of 30 to 50 years and are subject to a wide range of
loads, including earthquake forces and snow loads, so they generally require a high safety factor.

- Safety factor of the structure: Fs=3.0




@ What are temporary structures?

-Structures that are necessary during the construction period to create permanent structures and are
essential to the construction. Structures, construction, and plans that are removed at the end of the
construction period.

For example, structures such as temporary fences, construction offices, parking lots, scaffolding,
formwork, shoring, retaining walls, jib or gate-type cranes, piers, construction roads, temporary bridges,
temporary rockfall prevention fences, temporary drainage channels, and settling ponds.

- Temporary construction such as ground excavation, ground improvement, and drainage.

-Temporary structures are temporary structures that are installed for a short period of time (1 to 2 years),
and are designed for the loads that will act during that period, and generally have a low safety factor.
(Limited locations, limited periods, limited load conditions, etc.)

-Safety factor of structures: Fs=1.5

Loads are not assumed to occur during earthquakes. For example, 20t dump trucks, 50t crawler cranes, or
snow loads are not taken into account.

Temporary structures are structures whose structural members are designed under limited conditions
according to each construction site.




2) What are soil and soil mechanics?

- Civil engineering structures include a variety of structures, including permanent and temporary structures,
such as roads, dams, and river structures, and these structures are constructed on the ground's surface or
underground.

Over the years of use, these structures will subside, break, or deteriorate due to natural disasters and
other reasons.
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*We need to understand why these subsidence and collapse phenomena occur, and make newly
constructed structures durable for long-term use. To do this, we need to understand the local soil conditions
and use soil mechanics to create designs that can withstand use. These structures don't have to be made of
soil, concrete, or steel.

‘The field that understands, researches, and theorizes the mechanical properties of soil, such as soil
strength, subsidence, and deformation, is called "soil mechanics."




[Soil]

A mixture of minerals, organic matter, gas, and liquid that covers the surface of land throughout the Earth.

[ Soil mechanics (geomechanics)]

= A type of mechanics that deals with theories and applications of soil properties such as mechanical
properties and permeability, stress and displacement within the ground, earth pressure, bearing

capacity, and slope stability. Recently, it has been called geomechanics.

= Mechanics for explaining phenomena that occur in the field according to theory.
= Mechanics for explaining phenomena that occur in the field according to theory.
* Numerous phenomena that occur in the field occur in various grounds, and are a collection of

miscellaneous and complex events.

[It is one of the three mechanics in civil engineering (structural mechanics, hydraulic mechanics, and

soil mechanics)]

[Knowledge of mathematics, physics, mechanics, etc.}
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experimental results > practical Emphaa‘lgl'o i%gtﬂ{ﬁcucal practical
- Knowledge gained application application

through experience

---1

- - -

ground

Related fields in which it is used
* Geology: A field that studies the origins,
composition, structure, and faults of the

* Rock mechanics: A field that studies the
mechanical properties of rocks and
bedrock that make up the ground




3) Various problems related to soil: We need to solve the "soil-related problems" that we worry
about on a daily basis.
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(2 Digging the soil,
retaining the soil
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[ 3 Building structures with earth ]
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[@ Disposing of waste materials underground}
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Chapter2 What is soil?

1) How the ground is formed

Now, how is the ground made?

From the mountains to the sea, the ground varies depending on the location. And is different in your
countories (island or continental ). Here, | will talk about standard ground generation in Japan.

A Mountains / hills— Rocky terrain
BC cliff cone, terrace — rock gravel, rudaceous soil
: D Alluvial fan at foot mountain — Rudaceous land
G. Mountain valley lowland E River natural levee — sand ground
.G F  Natural levee back — Viscous land
__ G Mountain valley lowland — Corroded land
N B. cliff cone HK Old river trace, wetland — cohesive soil, wetland
N\ E_lRlver natural levee | Delta — Sandy ground
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[How geological layers are formed]




2) Ground in mountainous areas (rock)
Most of the ground in mountain areas is made up of rocks.

Rocks are broadly classified into three types according to their formation: "sedimentary rocks, igneous

rocks, and metamorphic rocks.

In civil engineering, structural properties such as rock hardness, strength, weathering, and cracks

are important, not classification based on the origin of the rock.
An example of this is shown in Fig. 1 Schematic rock classification.

i

Sedimentary
rock

Igneous
rock

Meta-
morphic
rock

BT NR

L)

Fig. 1 Schematic roc

classification (Ko

ima 1979)

D [ - m | e omE | Lo | ISUGKEE | SRR 7| | B M | V. (km/s)
. e I a3 SembL T wor
i - L SRRl E L
: it DI BTIN L o
- <o gTaE 2 TR B 5~ 15em. & B
- skt g B HILE AW | 5~15cm &
Cu L Ciis ™ 2SO0 Lo s | g 8
] 4kl [ b %) 5-30em & B
Cu N i N TV =C o B EOME R s JE = 2.0~ 3.0
I\ Mpiere | nans Jo ~HiFA
,.; et i [ &I%' i
o oy [RESEOC) o | 15— 300m £ g |
\ EEF I j{af&mq ?*‘.j;'».i"ﬁl‘j(m PRGNS
Segw DAL |~ ¢ = B
i Lol a4y i 29{;59@’?_&-
DAL s g ¢ |
’,'f_? -}JP;{' b . 1!5‘:1'1{{11 fArS 50¢m Lo I_ 4.0 5.0
A e e [ 8 Ly 27 HR -

H

Fig. 2 Rock grade and main geophysical constants

pgls R og 8 o & ot & oz & ofo,rra AARERBEL [HEEED
T BIMERM K W | msems i) > - — 2w i
= 3 T | MR o A M
o (kg/ent) | (kg/ew) | (kg/en) ™) (km/sec) | 2 | ~(kg/cw) (kg/cat) (kg/cnt)
A~ B |[50,00041 1-|80,00050 k| 40l | s5~65 | 3.7k | 36wk | 50,0008k | 100,00080
20LL
Cr [ ol e ool 4020 | 4o~gs | Ba~a | mem |SHO0E (1900
20,000~ |40,000~ ¥ - = .= | 20,000~ 60,000~ w
Cwm 5,000 15,000 20—~10 30—45 3~1:5 27~15 3. 20~10
¢ | 5,00080F (15,0000 F| 10mF | 15~38 | 1smF | swF | 6.000mF | 15.0008F | 10~5
D SLUTF

13



3) Ground in urban areas (sediment: sand and clay)

In urban areas, much of the ground is composed of earth and clay.
Earth and clay are roughly classified into three types: sand, silt, and clay.

Clay

Comparison of engineering properties of sand and clay
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Size | i .
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{ Compressibility| = Big s r Small .}
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Structure : : .
Cotton wool structure Honeycomb structure Unit structure
-Strength is determined by -Sgﬁng_th istdetertrrr:itr’\ef by »Strength is determined by the
Feat adhesive strength between adnesive strength between frictional force between
eatures : particles and the contact of i
particles. particles particles.
*The void is large. - Kanto loam layer -. 'I:hc-_z g_ap_ls_large.
Schematic
diagram

The quality of the ground depends on the number of years since the strata were formed. The

shorter the number of years since the strata were formed, the softer they are. Most of Japan's
plains are sedimentary strata formed during the alluvial age, such as river deltas, and are
» often soft.

- Tertiary pe
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Soft rock

riod

20 miIIin years ago

Sandy gravel

Tokyo
layer —C

Sedimentary Fan-shaped sedimentary layer,
Tenma layer Hard diluvial layer
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Alluvial epoch

loam Kanto loam

clay

natural levee, back swamp
delta, landfill, etc.
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4) Engineering aspects of soil

@ Weight of soil

@ Strength of soil

@ Deformation of soil
@ Earth pressure

@ Groundwater

When looking at soil (ground) from an engineering perspective,
there are five points to look at (points of view) as shown on
the right.

(1 Weight of soil (self-weight, buoyancy): The soil and ground act as the primary load on the
temporary structure.
- Self-weight of soil, water pressure, buoyancy, soil sagging rate (volume change rate)

@ Soil strength (ground stability):
If the ground passively bears a load, will it not fail in shear or sink?
- Vertical bearing capacity, horizontal resistance
= Slip resistance value of arc sliding on a slope (adhesion)
- Tip bearing capacity of piles, surface friction

3 Soil deformation (subsidence and lateral flow):
* If the ground passively receives a load, will it not undergo shear failure or subside?
= Consolidation settlement of clayey soil and immediate settlement of sandy soil
 Impact of ground deformation on the surrounding area (impact of embankments, ground
improvement, etc.)
- Liquefaction of the ground

@ Earth pressure (load acting on structures): Acts as a load.
- Active and passive earth pressure acting on retaining walls and retaining walls
- Static earth pressure acting on underground structures

® Groundwater
- Seepage, landslide, debris flow
- Swelling, boiling, piping




1. Weight of soil (omitted)

2. Strength of soil

Generally, the shear strength of soil is expressed by the o
following formula. o | FRiEERE
tf=c-+otan® (Coulomb's failure criterion)

Mohr’s circle of
stress at failure
under a loading

Where tf: Shear strength (kN/m?) P
o:Normal stress on the shear i | -
0 73, a3, a1, 73, 7, ar, o
plane (kN/m2) L .
c: Adhesion of soil (kN/m?2) Determination of c and ® using
Mohr's stress circle
] w ©w
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Schematic diagram of
triaxial compression test
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@ Soil deformation (subsidence and lateral flow)

Ground deformation can occur in two directions: vertical (subsidence and uplift)
and horizontal (slope collapse and lateral flow).

{a) ! héﬁ @i kﬁd*

When soil supports structures, embankments, etc. and receives these loads, it undergoes

compressive deformation. Because soil particles are incompressible, when soil is compressed,
the voids (air and water) in the soil are actually changing. There are two types of deformation
in the ground vertical (subsidence and uplift) and horizontal (slope collapse and lateral flow)

(as shown in the figure below).

1
¢
#
-

Soil particles — non-compressible
Pores (water, air) — pores change

%h TY ;i»&fm .«i\, '
“‘L,L LA

Q T et
= When sand (sandy soil) is subjected to a load, the pores change and it settles
immediately - immediate settlement

= When clay (clay soil) is subjected to a load, it settles over time - consolidation
settlement BUTIRR S VR, B

..r|u~z\y.’ti
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@ Earth pressure (load acting on structures)

When constructing structures such as retaining walls and boxes, or when excavating, loads are
applied from the ground. This load is
earth pressure (water pressure). Examples of structures that resist earth pressure include
retaining walls, boxes, etc.
What is this earth pressure?
(However, the basic concept of earth pressure has not changed in the last 150 to 250 years.
It is the theory of Coulomb earth pressure

and Rankine earth pressure.) - SR G

Active earth pressure
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Concept of design earth pressure

[How earth pressure is used]

Retaining walls and retaining walls design - Active earth pressure at the back,
passive earth pressure at the front=Used in temporary structure design.
Boxes and underground pits = Static earth pressure
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® Groundwater

<Is groundwater a nuisance? > Where does groundwater come from? >
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5) Ground investigation

To design temporary structures, we need to understand the engineering properties of the soil we have
explained so far, but we can't know the soil at the site just by looking at it.

Is the soil at the site strong or weak? How much earth pressure will be applied when excavating?
If we don't understand what kind of soil the soil at the site is, we won't know what kind of temporary
structure we should build. (Is the ground hard or soft? Will it stand on its own? Is the ground heavy or light?)

For example, when performing crane work at the site, for example, when bringing in a 100T crawler crane, if
the ground at the site is soft with clay soil, it will sink into the ground and cannot be brought in. In that case,
we don't know whether we need to improve the ground or lay steel plates.

\ 2ghi 22~ 5w

| also don't know whether the slope gradient should be 5%, 10%, or 15% wheh carrying out open excavation.

Should the retaining wall be steel sheet pile type Il or IV when excavating? Should the shoring be H-300 or

4007 o FIEUIEH GEMIEIC. B/ =A2mbl LD =
KELED HDF 5. EEEBOIEHIEIC DL
@A) Diss

2mEl E
&y?"W’—‘
Therefore, a "soil survey" must be carried out to understand the soil conditions
at the site, otherwise a judgment cannot be made.
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< Soil engineering criteria>

H.W.L. OP+2.65
— g | [Ssoil Index]
ARES OP—1.77 — 1 | @ Soil thickness
il = | @ Groundwater level
@ Soil unit weight (wet, submerged k/Nm3)
- g | @ Soil N-value
1 | ® Internal friction angle (b°)
® Adhesion(C kN.”m?2)
o8 g2 | @ Deformation coefficient (E kN./m?2)
Permeability coefficient(s cm.”sec)
Dsgl /g =
— - + FLAETE  |NNERA| NED |ERRA
2= e BE N RS A ] C a + EQ
(m) (m) (kN/m3) ¢ ) (kN/m2) | (kN/m2)
AR & OP-1.77 — — — — — — —
AsE OP-3.47 1.70 8 17 7 31 — 20,000
AclE | oP-1047]| 7.0 3 16 6 — 51 7,500
Ds/E | OP-1257 | 210 15 18 3 32 — 37,500
DsglE | OP-21.77 | 9.20 30 19 9 36 — 97,500
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5-1) What is ground investigation

Ground investigation is a general survey conducted to clarify the topography, geological
structure, distribution of soil quality, groundwater conditions, and engineering properties of the
soil and rock that make up the ground.

Ground investigation can be classified as shown in the table below.

Item _Groun_d : Investigation contents

investigation T

In-situ test Directly examine the performance of the lot number at the site being
45-3) - .

(test in field) surveyed.

Laboratory Soil data will be collected at the survey points and examined using
5-4) soil test indoor soil tests.

The “geological survey report” or “borehole column map” that you are familiar with is a geological survey
report. The figures below show the geological distribution map and longitudinal section map often found in
geological survey reports.

A L]
Tles  fiwes N
G mwn [ TR -2 J;f{ o 4k
=— A AR Pl 0F 32 mm:':f 3:: ﬁr“ I._i :!-# D sl
S 2 A #l B ERSRE e
L o [E] i ) :

wiw 25.0 26.0 27.0 28.0 290 30.0 31.0
Geologlcal
distribution map Geological longitudinal map
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5-2) What can you tell from the boring log?

- The boring log shows the soil at the site.
- It is a clue of design and construction.

Fig. 1 Boring log of rock
-Height of borehole
-Rock species
-Depth and thickness of strata
*RQD (rock crack height perim)
-Bedrock is too solid to measure

N value.
=g IFE OCOC
I RH- 3 LET) [EEE

R 3

[

@ Predict the ground composition of the entire site.

@ Grasp the groundwater level. Is there a pressurized water layer?

@ Design a structure suitable for the ground.

@ Is the construction method suitable for the ground? Change the
construction method.

Fig. 2 Boring log of earth and sand
*Height of borehole
-water level in borehole
*Depth and thickness of strata
*N-value (Self-sustaining and supportive ground)
*Depth of mechanical and physical tests.
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5-3) In-situ test
('D Boring survey— Core sampling, stratum thickness and
soil properties

(1) Rotate the bit to perform drilling and core sampling.
(2) Drilled holes are also used for various in-situ test holes.
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5-4) Soil quality test (laboratory test of soil)
@ Soil particle size test - Soil layer properties : uniform sand, balanced mixed grain

size distribution, easy to fluidize, etc.?

0.005 0.075 2.0
[(BE ] oxt | W s |
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@ Soil permeability test to determines Do W {E (mm)
the permeabilitv of soil. | -2  Particle size accumlation curve
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t B N | [Soil hydraulic conductivity]
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Chapter3 Why is it necessary to understand soil guality in civil engineering?

1) Why is it necessary to understand soil quality and ground?

We have planned to build a road between city A and city B with a width of 8 meters. _ o
There are mountains and rivers between the two cities, and a road cannot be built without various civil

er_}%ineering structures.

e road can be built with earth and concrete structures such as tunnels, bridges, cut-earth and .
embankments as shown in the figure below. To build these structures on the ground (design and plan), it is
necessary to understand the properties of the original ground (bedrock, earth and sand).

8.0 (298

5 Om (HEiEE)

SR L .

8m wide road cross-section

Tunnel zone

Flatland
[city A] ‘g

Mountainousarea

i Road :

9

1’i-

—— "

Hilly area Flatland
e

[ Embankment zone ]

Cut-eath zone

Bridge zone

[ Tunnelzone
River

Cut-earth zone Embankment zone




2) For bridges, the bridge foundation type is determined by ground surveys.

Investigate the ground properties of the bridge foundation and select a bridge foundation type

suitable for the ground.
Bridge Length L=290m

45 000 200 000 _ 45000 |
n | i
) i
Al Il M
= oo
&
Th P
@ s
Vs
X
Py
Vs kIR ) .
Sc 123 THE KL Py KUFIEH

Tb @ X fa R An @ Yl

Deep
foundation
pile

Support pile

Solid ground

Solid ground

Fig. 2 Direct foundation Fig. 3 Pile foundation
(support pile)

Solid ground

Fig. 4 Deep foundation
pile foundation 28




3) For tunnels, the tunnel lining specifications are determined by rock surveys.

The design and construction method of the tunnel is determined by the rock properties of
the tunnel section (cracks between rock classes A to D).

Fig. 1 Rock grade and main physical constants

%R ol g o g oz 8 o2 8 olo,rrzy| LABTHRBILE [FlSHE

& & i fd - (]
B M B B | ASERA R~ Y - — 2 p e ‘ ,
BB gm) | (/e | Ofe) | ()| Cwsec) B R BE| Do | e b5

o 55=55cm

L 24=12¢12cm
€0=15+25+50cm
T7=25+12+22+18cm
85=23+50+12cm

A~ B |50,0001! I[80,000LL | 40LLE 55~65 | 3.7k | 36klE | 50,0008k | 100,0000 &

2080k 100=55+20+25¢m
50,000~ |80,000~ o s » s 60,000~ 150,000~ =
Cu 20,000 40,000 40~20 | 40~55 | 3.7~3 | 36~27 15,000 60,000 3;:;2:2”5‘:m
20,000~ 40,000~ - . _ . 20,000~ 60,000~ i 00
Cu 5.000 15,000 20~10 30~45 3~1.5 | 27~15 3,000 10,000 20 10 56=58cm
80=35+55cm

Cr | 5,000LLF|[15,000L0F| 10LLTF 15~38 | 1.5ELF | 15ELF 6,000LLTF 15,000LLF | 10~5

D SUT

0=0cm

Fig. 3 Schematic diagram of land

reflection method elastic wave exploration j‘>
P

L I

' t T T Fig. 5 Standard cross section of
Fig. 4 High-precision elastic wave " NATM tunnel
exploration record 29




4) Standard tunnel construction sequence

28 L]
@ Excavation
” ‘\‘\
@ Charge / 1 € Bl
blasting & s

T

3
of Gunpowder = %

Shotcrete

Overlay concrete

Rara i
2 N\ BT H— S

@ Mucking L e 274322

NATM tunnel status @
@ Built-in
steel

support

® Sprayed
concrete

® Lock b PR T :
bolt 4 P

Fig. 8 Shotcrete situation ®

Fig. 5 Tunnel construction method
and flow diagram

Fig. 6 Standard cross section of Fig. 7 Steel shoring construction
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Chapter4 Road maintenance and repair work

1) Types of road maintenance and repair work

In Japan, the following works are subject to standard cost estimation for road maintenance and repair
work. I'll talk about that briefly.
(D Repair work related to road paving work

i S5 )

= __,' i . " e m‘ .

Paved road surface cutting work Pavement road cutting work using a
concrete cutter

e =
o oA TR
AR S .::,ﬁxﬁ-k-;,-‘t'“‘

Pavement breaking work
using large breakers

Road base compaction work using Road base compaction work using

) Road compaction work using road
tire rollers road rollers

rollers 31




@ Repair work for road pavement and road facilities

Painting work for rockfall
Paved road cleaning work Asphalt melt injection work for prevention fence posts

pavement cracks

: 'I . .____‘_.—_ﬂ. ;i

Guardrail painting work
for concrete floor slabs

32




@ Bridge reinforcement and repair work

Concrete reinforcement and steel Concrete reinforcement and steel Bridge collapse pre_ventio_n using
anchor work for bridge piers anchor work for bridge piers PC steel bars on bridge piers

Bridge bearing replacement (old Bridge bearing replacement Bridge collapse prevention
bearing) (new bearing) using bridge pier chains

33




@ Road cleaning work and tunnel equipment repair work

Road weeding with shoulder- Road cleaning work using a brush- Cleaning roadside ditches with a
mounted mower type road cleaning vehicle vacuum truck

Tunnel lighting cleaning work using Tunnel lining crack prevention Installation of waterproof board
elevating vehicles injection work by elevating truck

34




® Road buried pipe installation work and grouping work

Installation of sheath pipes for
electric wires, optical cables, etc.

Grouping method trench
cutting work

........

Installation of sheath pipes for
electric wires, optical cables, etc.

Grouping method

Pedestrian bridge stairs
repair work

Note: The grouping method is a
method of increasing the braking
performance of road surfaces by
cutting a 6mm B x 4mm H groove in
the road surface and allowing road
surface drainage to flow into the
groove. In addition, by grouping in
the lateral direction, this method can
warn drivers of drowsy driving and
speeding violations.
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Chapter 5 Soil characteristics of embankment
1. Stability of embankment

There are two types of materials used for road embankments.
(D) Rock: The bedrock is crushed into pieces with a maximum particle size of 600 mm or less, and
fine-grained soil and sand are mixed in to create the embankment.
(2 Soil and Sand: The fine-grained content and water content of the soil are controlled before the
embankment is created.

When embankment is carried out, the ground bearing capacity of the foundation ground and the degree
of compaction of the embankment itself are important factors for the stability of the embankment.
(D Ground bearing capacity of foundation ground, subsidence
(2) Stable embankment: arc wandering, embankment subsidence

Pavement Embarkment ¥ F

compaction —_ﬂr\-,u B -0 4 Sy
bankmeeet— -——7-/"7"7"7°>——=

Foundation ground

Fig. 1 Embankment section

" immE ™
— TRSE n %
"‘"“‘I B E
% %

\ dEE A ST L s el | s
o 1 A0 HL T A 0 e TE 0 L

Fig. 3 Example of deformation
of embankment on soft ground

Fig. 2 Cross-section
of embankment
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2. What is soil compaction?
1) The concept of soil compaction

m Road construction (Creating residential area): earth fill (embarkment) and soil scrape (soil cut)
- Forming roads: make it tight and resistant to deformation
(Railroads, residential area, dams, levees, etc.)

e .-
-

Before = Soil cut
formation \}i . . .
/ b Embarkment B \What is soil compaction?
—_— Increasing the density by applying force to the soil and
...... i Y expelling the air in the soil.
Original ground surface _ _ _
- Compacti on effect - Sg:agyrﬁ)kemaennc:.compactlon method are important to make good
=3 — C ti h teristi tly d di th il
| Reduced compaction: harder to settle tyggpac ion characteristics vary greatly depending on the soi
- _ 1 Compaction energy and moisture content (water content ratio)
| Reduced compaction: harder to settle — have major influence.
L1 Increased shear stiffness
and strength: less likely - _
to break - m Basic concepts of compaction by Proctor (1933)
Rf]jfdu?eg perTeatblllty: When compacted with a certain amount of energy, there is
difficult for water to pass an optimum water content at which the density is

through maximum. (The content ratio controls the degree of

compaction.)

From the website of Associate Professor Tadashi Kikumoto, College of Urban Science, Yokohama National University 37




2) Soil compaction test methods

Soil compaction test

T @ 57—

sem

5 Drop
= height :
L

1 10cm —pL =— LK

1) Divide the soil into 3 layers and
tamp each layer 25 times.

2) Measure the wet density and
water content ratio.

E ﬁ 3) Calculate dry density.

7 4) Adjust the water content ratio

z m=2.5ke and perform 1) - 3).

d—

E
1000¢cm?

12.7¢cm

s

= Energy given to a unit volume of soil
5 cm E.=mgh=25-3/V=5.6 cm*kgf/cn’

From the website of Associate Professor Tadashi Kikumoto, College of Urban Science, Yokohama National University
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3) Soil compaction test results

Soil compaction test (w-}g relation)

e I T T T T | T ! 1 1 1 1 1 1 1
~ 20F oo - ~ 20F 29 il
= | &3 1) BB OW(ZH L TEE L= % Ok R E |
Z "B 2) BKEEEOLTERLLT) BYIRT | - Z 2
=2 L = 3) FOubEDRVWTHEDEEREES | < - 5 -
= S : = 3 A
B - fmax -
S kS
o - - = - -
2 2
e . - )
o 0F "9y is ¢ oo 5 10
£ I e £ i |
= T ~ 3
o o
2 g L 2 ) - 2 i Bl E KL wp, -
= EE ... O 2 | BARMREGAHEE 1.
>0 H B E - > (BAARTE i) i
a i Amount of water added Q I Amount of water added |
I I I A | | | 1 | ¥ 1 | | | ] ]
0 10 20 30 40 50 60 70 80 0 10 20"ept 30 40 50 60 70 80
Water content ratio 1 (%) Water content ratiow (%)
[ A oo h A A
0 :ﬁ}f’ﬂﬁﬁ Ve . . .
Y ¥ In Compaction tests (optimum water content ratio and
v| "4 i i maximum dry density)
;;‘I“ .IkV:
W h L 4 v

m Wetunit volume weight - 7, = I_

Water
m content 1= —C
ratio W

’ W, 2
B Dry unit volume weight | /4 = v =1+—1
) .

From the website of Associate Professor Tadashi Kikumoto,
College of Urban Science, Yokohama National University




4) Characteristics of soil compaction

Differences in soil types and compaction characteristics

i < 100y
K
28
[0 el
- X
£ S 850
s s
= g
S c
=y [
= o
= — e | ] 1
8 0.001 001 0.1 1.0 10 100
3
Particle diameter
2 (mm)
2 -
o
,:. @ Difference between soil properties and compaction
5 B | properties
[
&= - Coarse
_0_ particle CD' CZ)' @:J * Sharp mountain-like
- — compaction _— .
].D pcurve f-};;: is big and ”-:Ip:‘ is small. i
: Fine = -
- - , particle '_(C?/L @\)) - Flat, smooth ]
L 11 1 1 1111 )1 compaction 5 issmall gy s big.
curve opt '
0 10 20 30 40 50 and -
Water content ratio, 14’ ':H,.)

From the website of Associate Professor Tadashi Kikumoto, College of Urban Science, Yokohama National University
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5) Embankment compaction management method
- Sediment becomes stronger when the density of the sediment is packed. (See Figure 1)
- This property is used to increase the strength of the embankment itself. This action is
called “sediment compaction®.
- “Compaction management"” is the process of constructing embankment to approach
the optimum dry density determined for each embankment material.

<Tightened> <Loose >
(Packed <Middle> (Not so packed)

W 1
YTl —
T Fd . gems)

Faomay f------2

Yarmar 08 [

high < dry density ——-——=  low
few <———— Space —% many
strong «——— strength ———  Weak

Fig. 1 Relationship between sand condition and density

K4 #HORELEEDER
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- <List of soil classification and compaction equipment
for embankments and roadbeds >
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6) Actual on-site embankment compaction management
At the construction site, one of the following three types @ - Q) of “compaction management” is carried out.

@ In the in-situ test, determine the wet density and water content ratio of the embankment by conducting an in-situ

density test (sand replacement method, water replacement method) and current water content ratio test.
(Figures 1 and 2

@ Determine the density and water content ratio of the embankment using a radioisotope Rl tester._
When radioisotope gamma rays pass through soil, the amount of transmission changes depending on the

density of the soil, and the prope ¥that neutron beams collide with hydrogen atoms and change into thermal
neutron beams is used. (Method of measuring the wet density water ratio.) (Figures 3 and 4)

PIELH H v
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i E“-}J +HE oW 5 — 4 B
og Hle o & C TR 0 -k T
- ol fa — & s WM oo — 4 Wl
aB B o— 4 s oo - & 131
THE o — L . ; s B EH L & T L0
. R TIPS \ CE R LR T 44
s — T iR AL G TV T
¥ CH ML f o 3 i B 15
Yo O T L B T
s —— cM g t— W - ERLERERES 06
Y © LR om fil % 44
- W oMoy B ‘ o | Pe=Fa + RA2IGLE g+ 04306 Py
= s Ehos TR EEDE— o e anER s
% oy i I oy AR e
L R, =2.4818-¢ -G8 iy | oy " !n'= EQ0RT g7 T MR,
g o [ te= 131, rh=nge) M Gl o
5 ; |
§ 08| = 10 #
R o
" X 5 - o,
%\y. 46 “:qm
Figure 3 Rl testers 04—t %}h .
na = -
R - T K 16 18  #n 22 24 0 [¥] [X] 0.E (] Lo
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Figure 4 Wet density and water content of
embarkment material and RI coefficient values
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@ At the site, conduct an on-site compaction test using the rolling compaction machine
and embankment material that will actually be used, and determine the rolling thickness,
the heavy machinery to be used, and the number of compactions.

Surface

settlement (m)

g Compaction: 4 times 6 times 8 times 10 times
OO0 CHoC QINES: OOOC |maeasn A heavy 20t
Bl 8 ttee __|:“_]._(.__‘_.___ _________________ /\l ...... _____[__ _________ _{_| ____<:::| vibrating roller
) Q. b [ {3
e P et ||| ot O I I R actually used on
P R
9_[_ 5 site
g o ww | 6000 40 | 6000 S 6000 L 6000 3000
i - ; | ; T : v
I 36000
41300 <Example of implementation
+ SBEETALL 2BELIRED |0 P2ULE ATEGHL) specifications>
ger T — —  BREECHEICTREERT, REE (& ERER) Rolli : .
%3 , . ing thickness: m
o i T T O HFHLE I TE (SEEER) N ) gt . ckness: 30c
\ mEEEup ey ERALndaiinee =20t vibrating roller, number of
S BSEAA L E BRI rolling pressure: 3, 4, or 5 times
Figure 1 Embarkment test yard diagram
Number of compactions and surface settlement FEHEHM LT EBEYa
0.040 14
.\\
0.035 — . 12 = s
0.030 10 =
0.025 S 8 = by
= . = B
020 e, = =X o R
g : e e s
015 o " e + F1iE
g ? e
010 | o e—— »
S —- < 9 L A — =
0.005 / — TR 2 . - -
0_000 1 1 1 1 1 1 1 ‘1 2
ol 2] 4H 6 8 10 128 168 2[] 418 6] 8l 10 12 16

Number of compactions

Number of compactions
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3. Stability of foundation ground

When embankment is carried out, the ground bearing capacity of the foundation ground and the degree
of compaction of the embankment itself are important factors for the stability of the embankment.

(D Ground bearing capacity of foundation ground, subsidence

(2 Stable embankment: arc wandering, embankment subsidence

Pavement

[ maimens

Fig. 1 Embankment section

¥
<Check the strength of the foundation ground> %
» Conduct uniaxial and triaxial compressive strength tests of o
the foundation ground. B
- Directly conduct a flat plate loading test on the ground. (c) BELOWT E*mi”;i{;mg ’

FfEE

RSO B+ DU 5
() WEMRAMOBLOET
Figure 3:Example of embankment
deformation on soft ground

Figure 2 Flat plate loading test method 45




Chapter 6 Groundwater

1) Groundwater flow caused by rainfall | heavy - Mountain
| — Increased possibility of landslides | U’ ~

(ZExE) i;
=TT \ 73
: N = Undergroud -

. S— L ;Hi_?,ﬂ%f;{:‘F‘ excavatin

Figure 1 Groundwater circulation and civil engineering work
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Fig. 2 Groundwater distribution in landslides
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2) Deformation of embankments caused by groundwater

Rise of groundwater leads to "collapse of slope, collapse of embankment.”

rainfall
v ¥y ¥

.--‘-r

Fig. 1 Deep slide including Fig. 2 Shallow slide of
foundation direction layer

HERNTANITRN,

EEEIC LY
BEMEATY
T A W s

DNDIEL A e mmfe———
AL gl e

R A

e e e o —— ———

TSI ITTTRN TTRTTRTIETIA F NS

Fig. 3 Sliding including inside of embankment
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3) Why are slopes prone to collapse when it rains?

Landslide case 01:

Asajimachi, Bungo-Ono City, Oita Prefecture
Landslide in the Masuda area (May 2017)
Landslides occurred in deep underground due
to heavy rainfall of 100 mm / hr.

SERAHHHIITREOBENOWNR
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~ ERl Iy

b 17, 5824RICK
A—%{EAL Tigg
(BETHALE)

OB ZRIC{ER

Image of emergency
measures
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Landslide example 02: Landslide in the Shiraya district of Kawakami Village, Otaki Dam, Nara Prefecture (around 2002)

Otaki Dam: 100m high concrete gravity dam

- After the completion of the dam body, the groundwater
level in the Shiraya area rose due to flooding, causing a
large-scale landslide. ]

Otaki Dam

« Although large-scale landslide countermeasures (ground
improvement, legal framework, anchor) were taken, 37
residents were finally settled by moving to adjacent land.

Photo 1 Full view of landslide

no#

L #mt

[0 e s, TR

[ aichsdks b ~BAR
~FEELE S (Pl ~ k)

[ Eaks

[ shEs Bk

e ARG

ok .
HEITEAKEL EL258m™ ~— — 7
KPR EHEa s ) — b

Fig. 3 Cross-sectional view of weathered division Fig. 4 Image of countermeasures
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Chapter 7 Landslides and landslides

1) Landslides on roads

Causes: 1D Landslides caused by earthquakes @ Landslides and debris flows caused by heavy rain @ Landslides
that occur at the boundaries of strata

e

Mudslides caused by heavy rain
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2) Characteristics and signs of landslide topography

SLAEIRY

BHE i

Indicators of landslide activity e

@ Steep cliffs, steps, and cracks are sharp :%f:".ﬁ"?i
and angular. 8% BEy
@ Cracks and depressions are not filled m—
with secondary sediments.
@ Uplift and small-scale collapse at end of
slope.
@ Interview survey of local activity history

aR-ar ¢

§ -’
R = »
ﬂ%\mﬂﬂ i L,i*iaﬁé// //,,

B kY _ T

e

B E R R

Fig. 1: Landslide features

Embankment in the
middle of the landslide
may induce a
landslide.

(1) Good example

ki

(2) Bad example
Landslide force is
reduced by cutting the
head of the landslide
area.

Fig. 4 Embankment in

By embankment at the middle part

end of the landslide, it
becomes a restrained
embankment and
stabilizes the

27 landslide.

Fig. 3 Embankment at end

Fig. 5 Cuttings in
middle part

e
5]

<V m
)

Cuttings in the middle
part of the landslide
may induce a
landslide.
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3) Disaster hazard maps along road routes

Road maintenance and management requires the prediction of possible disasters on the road and
preparation for road disasters. For this purpose, various disaster hazard maps must be prepared.
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Example @: Landslide/tsunami hazard map

Example @: River flood hazard map
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Chapter 8 Earthwork planning

1) Creating embankment plans
Please create an embankment on the 60m board area shown in the figure below.
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2) How to calculate the volume of earthwork
lice method

@ Soil volume calculation by cross-sectional s

¥ T
AT R i
LS TR i

T

40 m board




Cross-sectional view of cross-sectional slices
® @ ® @
A=1. 03m2 A=44. 79m2 A=63. 46m2 A=296. 61m2
| s0.0 60. 0 60.0
| 550 55. 0 55.0
| 500 50,0 50. 0
- 45.0 45.0 45.0
_ | 40.0
® © @
A=252. 24m2 A=150. 86m2 A=119. 98m2 A=88. 21m2
60.0 | 60.0 _ 60.0 60.0
55.0 55.0 55.0 b5. 0
50.0 50.0 50.0 50.0
45.0
) ) qv
A=64. 35m2 A=30. 96m2 A=1.21m2
55.0 — 55. 0 55.0
0.0 50.0 50.0




@ Soil volume calculation by plane slice method

55 m board

CORN Ay
. 4

.

60 m board

-

SEAIE

45 m board

iy

40 m board
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Plan view of plane slice

(1 60 m board 55miE &£ @ 55mBT
A= 1922 m2 A= 965 m2 A= 1021 m2

® 50miET ® A45miE L A5mBETF
A= 389 m2 A= 19 m2 A= 27 m2




1) Cross-sectional slice method 2) Planar slice method

Vi=(AD+A®D). /2 X 10m V1i=(AD+A®D). /2 X 5Em

SV= V14+V2+4-sestVirreeeaatV11 SV= V14+V2+4-sestVirreeeaatV11

Cross

Cross

Cross section 1 and 2 Section Cross section 1and 2 . Section
section area average Extension section area average Extension volume
wrm | WrEE | OOFH R X fEiE W wrEmE | OQOFH A= X fEiE
(m2) (m2) (m) (m3) (m2) (m2) (m) (m3)
@) 1.03 22.91 10.00 229.10 @) 60m 1922 1444 5.00 7220.00
@) 44.79 54.13 10.00 541.30 @) b5m#E 965
® 63.46 180.04 10.00 1800.40 ® 55m#EE T 1021 682.5 5.00 3412.50
@ 296.61 274.43 10.00 2744.30 @) 50m#EE k£ 344
® 252.24 201.55 10.00 2015.50 ® 50m#E T 389 204 5.00 1020.00
® 150.86 140.42 10.00 1404.20 ® ASm#EE | 19
@ 129.98 109.1 10.00 1091.00 @ ASmBET 27 13.5 5.00 67.50
88.21 76.28 10.00 762.80 A4m#E 0
©) 64.35 47.66 10.00 476.60 & 1.21 - —| 11720.00
30.96 16.09 10.00 160.90
@ 1.21 - - -
; 11226.10 %) Error in calculation method: If the

cross-section calculation pitch is made
finer, the final value will be the same.
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3) Changes in the volume of earthwork during construction

The amount of soil varies depending on the construction

Table 1 the rate of change in soil volume

conditions.
soil L ; Rate of loosened soil | C ; Rate of embanked soil

| Excavation | [Transportation| | Embankment | hard rock 1.70~2.00 1.30~1.50
rock medium hard rock 1.55~1.70 1.20~1.40
_|gravelly soil 1.15~1.20 0.90~1.00

Y gravelly soil
? compacted gs 1.25~1.45 1.10~1.30
— i sand 1.10~1.20 0.85~0.95
[ soil inground | | Loosened Soil | StepCut | sandy soil 1.20~1.30 0.85~0.90
| Embanked Soil | clay soil 1.25~1.35 0.85~0.95
Beif=1 L>1 c<1 clay 1.20~1.45 0.85~0.95

- -

This ratio of volume change is called the rate of change in soil volume and is usually expressed as L and C.

Loosened soil (m compaction

Amount of soil after (

m?)

C =

Amount of soil

" Amount of soil ’m-i) ]
in ground

in ground

(m?)

D Ground excavation amount: V=1, 000m3

the amount of excavated soil.
@Embankment amount:
= Not enough soil for embankment.

!

l

@Volume of soil transported: V=1, 200m3 (unraveled amount)
= A larger number of dump trucks are required than planned based on

V=950m3 (amount after compaction)

[Actual soil volume change] ( General earth and sand : when L=1.2, C=0.95)




Thank you for listening for such a long time.
| hope that by listening to this seminar you will have gained
more knowledge about soil quality and that it will be of use to

you in road maintenance and repair.

Seminar lecturer: Takashi Horita
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