Preface

It is my great pleasure to present herein the results of the recent international activities of the Japanese
Geotechnical Society (JGS). You can find here the first release of the English translation of a variety
of JGS technical regulations and more will follow later. These regulations address the fundamental
elements of construction practice through establishing a systematic approach from soil investigation to
design analysis and performance prediction.

It is well known that the success of construction practice depends on the quality of material tests, field
investigation, and design calculation that have been validated through many experiences. Those
methodologies are specified by codes. In case that field investigation is carried out in a wrong way, the
obtained data does not suit the design calculation. Because of the strong interdependence between
practice and code, construction projects should employ both practical technologies and related codes
in an assembled body. To facilitate this, JGS is now translating its codes.

As the Vice President for Asia of the International Society for Soil Mechanics and Geotechnical
Engineering (ISSMGE), the natural conditions in Asia are very difficult as exemplified by many
severe natural disasters and very thick soft clay deposits in river deltas. Typhoons/cyclones provide a
huge amount of precipitation in many parts of Asia and increase the amount of river sedimentation.
Thus, tens of meters of very soft deposit is encountered. It is very meaningful for Asian engineers to
develop a system of construction practice that suits this difficult natural conditions. The first step
toward this goal is the development of a new code in which natural conditions in Asia and even past
experiences are taken into account. Because the JGS codes have been developed under the natural
environment in Asia, they can provide Asian engineers a starting platform for better Asian codes.

Nothing is perfect in this world. For example, many criticisms are made against uncertainties involved
in Standard Penetration Tests (SPT). However, SPT provides us with specimens of subsoils for direct
inspection. Moreover, many practical formulae rely on correlation with SPT data. Therefore, it is more
meaningful to improve the details of SPT practice and stablish a code for SPT rather than discarding
SPT as a non-standardized penetration test. Thus, it is important for all practitioners to make efforts to
establish new codes. The provided JGS code can be a good starting point for this.

I would cordially invite you all to pay attention to this code to get a better scope on soil mechanics and
geotechnical engineering.

Best wishes

g JA%

Ikuo Towhata

Professor Emeritus of Geotechnical Engineering,
University of Tokyo

President of the Japanese Geotechnical Society
Vice President for Asia of ISSMGE
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Japanese Geotechnical Society Standards
—Geotechnical and Geoenvironmental Investigation Methods —

1 Procedure for Translating Standards into English

This document contains the geotechnical and geoenvironmental investigation standards of the Japanese
Geotechnical Society (JGS). The work of translating the standards into English is scheduled to take about 3
years from 2014. The English language standards are scheduled to be published in 3 separate volumes (Vol. 1
to Vol. 3) in order of priority of those standards most frequently used by practitioners. This is because we want
to provide engineers with these Japanese geotechnical and geoenvironmental investigation standards as soon
as possible to enable them to understand and refer to Japanese survey equipment together with Japanese
geotechnical and geoenvironmental investigation standards. We feel that by translating into English the
technical investigation standards that are used by Japanese engineers every day, the standards will be more
meaningful for geotechnical and geoenvironmental investigations.

The following tables show all of the geotechnical and geoenvironmental investigation standards produced
by JGS. This table of standards shows the order of publication according to the color of the standard. The
standards shown in white characters against a colored background are standards that will be published in 2015
(Vol. 1). The standards with a shaded background will be published in the second round (Vol. 2), and the
standards with no color will be published in the third round (Vol. 3). By publishing in English the JGS standards
that are most frequently used by engineers, engineers will be able to easily refer to these geotechnical and
geoenvironmental investigations standards in the course of their work.

The Japanese Geotechnical Society has cultivated specialist engineers, scholars, and researchers for over
more than 60 years. The geotechnical and geoenvironmental investigation standards produced by the Society
incorporate much of the know-how that has matured over this long period. By carrying out geotechnical and
geoenvironmental investigations, design, and research with these standards by your side, the Japanese
Geotechnical Society hopes that you will be able to contribute to the development of engineering and the
economic development of your country.

© JGS 2015 — All rights reserved 1
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Table 1 List of geotechnical and geoenvironmental investigation standards part 1
Standards published in the first round (Vol. 1)
Standards published in the second round (Vol. 2)
Standards published in the third round (Vol. 3)
Classification Title JGS Number JIS Number | Vol

Method for engineering classification of rock mass JGS 3811

Preliminary geotechnical investigations PVEGRGNT investigation on geometrical information of discontinuity distribution in rock

mass

Geophysical prospecting and well logging|Method for electrical logging JGS 1121 _-

Method for seismic velocity logging JGS 1122

JGS 3821

Method for obtaining soil samples using thin-walled tube sampler with fixed piston JGS 1221

Method for obtaining soil samples using rotary double-tube sampler JGS 1222
Soil sampling
Method for obtaining soil samples using rotary triple-tube sampler JGS 1223
Method for obtaining samples using double-tube sampler with sleeve JGS 1224 2
Method for obtaining soil block samples JGS 1231 2
Method for obtaining soft rock samples using rotary tube sampler JGS 3211 2
Method for measuring groundwater level in borehole JGS 1311 3
Method for measuring groundwater level in well JGS 1312 3
Method for measuring pore water pressure using electric transducer in borehole JGS 1313 3
Method for determination of hydraulic properties of aquifer in single  borehole JGS 1314 3
Method for pumping test JGS 1315 3
Method for determination of hydraulic conductivity of compacted fill JGS 1316 3
Groundwater investigations

Method for flow layer logging by tracer JGS 1317 3
Method for determination of hydraulic properties of rock mass using
instantaneous head recovery technique in single borehole JGs 1321 3
Method for determination of hydraulic conductivity of rock mass using injection|
technique in single borehole JGs 1322 3
Method for lugeon test JGS 1323 3
Method for standard penetration test JIS A1219
Method for mechanical cone penetration test JIS A1220
Method for Swedish weight sounding test JIS Al1221
Method for field vane shear test JGS 1411 2
Method for portable cone penetration test JGS 1431 2

Sounding Method for portable dynamic cone penetration test JGS 1433 2
Method for electric cone penetration test JGS 1435 2
Method for soil hardness test JGS 1441 3
Method for rebound hammer test on rocks JGS 3411 3
Method for point load test on rocks JGS 3421 3
Method for needle penetration test JGS 3431 3
Method for plate load test on soils for road JIS Al215 3
Test method for the california bearing ratio (cbr) of in[situ soil JIS Al1222 3

Method for plate load test JGS 1521
Loading tests Pressuremeter test to evaluate index of the ground JGS 1531
Methods for in-situ direct shear test on rocks JGS 3511
Pressuremeter test to evaluate mechanical properties of the ground JGS 3531
Method for borehole jack test JGS 3532
Test method for soil density by the compacted sand replacement method JGS 1611 3
Test method for soil density by the water replacement method JGS 1612 3
Site density tests Test method for soil density by the sand replacement method JIS Al214 2
Method for measuring in-situ soil density using core cutter JGS 1613 3
Test method for soil density using nuclear gauge JGS 1614 3
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Table 2 List of geotechnical and geoenvironmental investigation standards part 2

Standards published in the first round (Vol. 1)
Standards published in the second round (Vol. 2)
Standards published in the third round (Vol. 3)

Classification Title JGS Number JIS Number | vol.

Method for measuring displacement of ground surface using stakes JGS 1711 3
Method for measuring settlement of ground surface using settlement plate JGS 1712 3
Method for measuring vertical displacement of embankment using cross arm settlement| 1GS 1718 3
gauge
Method for measuring tilt of ground surface using tiltmeter JGS 1721 3
Method for measuring displacement of ground surface using extensometer JGS 1725 2
Method for measuring ground movement using strain gauge JGS 1731 2

Site measurement of soil behaviors Methods for measuring convergence and crown settlement on rocks JGS 3711 2
e :
Methods for monitoring rock displacements using borehole inclinometers JGS 3722 2

Method of investigation for soil and
groundwater contamination

Method for pullCout test of rock bolts installed in rock mass

Method for initial stress measurement by overcoring technique using multi[Jaxial strain
gauge

Method for initial stress measurement by compact conical-ended borehole overcoring
technique

JGS 3731

JGS 3741

JGS 3751

Method for obtaining samples for environmental chemical analysis using double tube

. JGS 1911 2
sampler with sleeve
Method for obtaining samples for environmental chemical analysis using direct push|

JGS 1912 2

Method
Method for obtaining subsurface soil samples for environmental chemical analysis JGS 1921 2
Method for obtaining groundwater samples for environmental chemical analysis from| JGS 1931 2
‘monitoring well

Method of soil gas sampling by direct conduction for environmental chemical analysis

Method of active soil gas sampling for environmental chemical analysis

Method of passive soil gas sampling for environmental chemical analysis

Method for air permeability test in vadose zone

JGS 1941

JGS 1942
JGS 1943
JGS 1951
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2 JGS and JIS Numbers

Each of the geotechnical and geoenvironmental investigation standards in this list is an investigation
standard produced by the Japanese Geotechnical Society. Each standard has “JGS” in front of a number. The
“JIS” that is written with each of the JGS numbers is an abbreviation for “Japanese Industrial Standard.”
Japanese Industrial Standards are recognized by the Japanese Ministry of Economy, Trade and Industry of
Japan and are based on the JGS standard. In these standards, each investigation standard number is given a
JGS number and also a matching JIS number. This means that the standard produced by the Japanese
Geotechnical Society is a Japanese standard. This is sufficient for users to understand. In practice, either
number may be used.

3 Sponsors of the Translation of the Standards into English

The English language versions of these standards have been produced through donations from Japanese
construction companies, design consultants, and testing organizations. The Japanese Geotechnical Society
expresses its heartfelt thanks to each company that has made a donation.

An advertisement for each company that has made a donation will be published at the end of the standards.
We would be pleased if you would refer to these advertisements when using these geotechnical and
geoenvironmental investigations standards and use the advertised products and services in your work.

© JGS 2015 — All rights reserved
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Japanese Geotechnical Society Standard (JGS 3811-2011)
Method for engineering classification of rock mass

1 Scope

This standard specifies a method for classifying rock mass in engineering terms, based on the results of
surveys and tests of rock mass outcrops. Appendix A shows the engineering classification system for rock
mass.

Note 1: These outcrops are required to be of sufficient size to enable confirmation that the rock is rock mass as defined in
3.1. Accordingly, the outcrops shall be approximately several meters or more on a side.

Note 2: This standard may be applied to the engineering classification system of rock mass obtained by means of boring

cores.

2 Normative references
The following standards shall constitute a part of this standard by virtue of being referenced in this standard.
The latest versions of these standards shall apply (including supplements).

JGS 2521 Method for uniaxial compression test on rocks
JGS 3821 Method for investigation on geometrical information of discontinuity distribution in rock mass
ISO 14689-1 Geotechnical investigation and testing — identification and description of rock

3 Terms and definitions

The terms and definitions used in this standard are as follows:

3.1 Rock mass

Natural ground composed of rock material.

Note: In general, discontinuities and various degrees of weathering and alteration are distributed in the rock mass.
3.2 Rock material

Aggregations of minerals that have undergone various degrees of consolidation and binding. These
aggregations form rock mass sections that do not include discontinuity.

3.3 Rock
General term for both rock material and rock mass.
3.4 Discontinuities

Joints, cracks, and other planes that interrupt the mechanical continuity of rock material. These planes are
mechanically weak, with zero or extremely low tensile strength.

Note: The spacing of discontinuities is defined as the vertical distance between adjacent discontinuities belonging to the
same sets.

3.5 Matrix

Fine-grained, glassy, or amorphous matter that fills the gaps between larger rock material fragments and
mineral particles making up rock material.

© JGS 2015 — All rights reserved 1
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Note: Sedimentary rock and igneous rock are sometimes referred to as matrix and groundmass rock, respectively. In this
standard, both shall be referred to generally as matrix.

3.6 Foliation

A planar structure formed by the planar arrangement of mineral particles making up the rock.
Note: Conversely, rock with no observable foliated structure is referred to as massive.

3.7 Classification element

A basic property of rock mass, used for the classification of rock mass in engineering terms (see Appendix B
and Appendix C).

Note: The basic properties of rock mass used for classification include physical properties of the rock material and other
constituent materials, properties relating to the discontinuity of the rock mass, the weathered state of the rock mass, and
other properties.

4 Surveys and Tests for Categorization by Classification Elements

In order to classify rock mass in engineering terms, the following surveys and tests shall be performed. These
surveys and tests shall provide results of sufficient precision to determine the applicable category of the
classification element.

Note: The surveys and tests necessary for a particular rock classification shall be selected in advance of carrying out the
surveys and tests in accordance with the stage of classification.

4.1 Test of rock material strength

The strength of rock material in the engineering classification of rock mass shall be expressed in terms of
uniaxial compressive strength and shall be determined in accordance with JGS 2521.

Note: Where it is difficult to determine the uniaxial compressive strength directly, a uniaxial compressive strength
estimated according to the precision required for the study using one of the following indirect methods may be used.

(1) By correlation against the tensile strength of the rock material (in accordance with JGS 2551)

(2) By correlation with the ultrasonic wave velocity of the rock material (in accordance with JGS 2110)
(3) By correlation with the reaction to impact (in accordance with JGS 3411)

(4) By correlation with a point load test on the rock material (in accordance with JGS 3421)

(5) By correlation with the results of a needle penetration test (in accordance with JGS 3432)

(6) Sounding by a hammer

(7) Estimation based on the rock material type

4.2 Survey of foliation

Determine the presence or absence of foliation by means of a study of plane splitting, plane spacing, rock
texture, and other properties.

Note: Foliation may occur in any type of rock material, but they are typically found in crystalline schist, gneiss, phyllite, and
other metamorphic rock.

4.3 Survey of discontinuity

Based on the results of a study conducted in accordance with JGS 3821, investigate the spacing between
discontinuities, the number of sets of discontinuities, aperture, roughness, and filling material.

Note 1: If there are several sets of discontinuities and the spacings between planes are comparatively narrow, the
apparent spacing may be considered to be the spacing between discontinuities.

Note 2: Use a crack scale or a feeler gauge or similar to measure the aperture of a discontinuity.

2 © JGS 2015 — All rights reserved
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Note 3: Overall roughness consists of large-scale surface irregularities (wavelike, stepped, and planar irregularities) on
which small-scale secondary and tertiary irregularities are superimposed. Accordingly, two different scales of observation
shall be used: large scale (over a length of approximately 1-2 m) and small scale (over a length of 10 cm). The method shall
be selected according to the scale being observed.

Note 4: In this standard, quartz veins, calcite veins, and other hard mineral veins shall not be treated as filling material.

4.4 Survey of the grain size of the constituent materials in rock material

Investigate the predominant particle size of the rock material. The predominant particle size shall be the one
with the most dominant content by volume.

Note: If the rock material can be broken down to its constituent particles and a grain size analysis can be conducted, the
results of this test can be used. However, if the grain size analysis is not possible, a visual inspection or a tactile test of the
rock material surface may be conducted to determine whether the predominant particle size is sandy, silty, clayey, or
rougher than sand.

4.5 Survey of fragment content

Investigate the fragment content of the rock. In this standard, the fragment content shall be expressed in terms
of volumetric content and if necessary, shall be estimated from a fragment distribution study using a
two-dimensional section of the rock mass outcrop.

4.6 Survey of layer thickness

Investigate the layer thickness. The method used to measure the layer thickness shall be equivalent to that
used for the measurement of spacings between discontinuities.

Note: Here, layer thickness shall refer to the vertical distance between the bedding planes of a single layer.

4.7 Survey of weathering and alteration

In this standard, variations in color of rock material and discontinuities, and variations in the particle structure
and texture of the rock material, as well as the proportion of each variation, shall be investigated to determine
the degree of weathering.

Note: Hereafter in this standard, the term "weathering" shall be considered to include all modes of alteration except
special cases.

4.8 Other studies

Existing geological references for the location shall be used to obtain information about the rock mass structure,
the geological origin of the rock, the rock type, and other characteristics. If necessary, a relatively wide-ranging
geological investigation that includes the outcrop in question shall be conducted.

5 Classification of Rock Mass

Based on the results of the surveys and tests, the engineering classification of rock mass shall be carried out in
the following order: primary classification, secondary classification, tertiary classification, and subclassification.
Of these classification stages, subclassification shall be implemented only as needed, and shall be carried out
after the required classification elements have been selected. Figure A.1 shows the system of the engineering
classification of rock mass.

The following symbols shall be used to denote the classification:

[ ]indicates the primary classification
{ }indicates the secondary classification
() indicates the tertiary classification

© JGS 2015 — All rights reserved 3
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The format shall be "primary classification ¢ secondary classification" — "tertiary classification" /
"subclassification".

5.1 Primary classification
The primary classification shall be based on the uniaxial compressive strength of the rock material.

Rock mass consisting of rock material with a uniaxial compressive strength of approximately 25 MN/m? or
greater and weathered rock mass consisting of rock material with a uniaxial compressive strength of
approximately 25 MN/m? or greater in its natural state shall be categorized as "hard rock mass” [H].

Rock mass other than "hard rock mass"— in other words, rock mass consisting of rock material with a uniaxial
compressive strength in the fresh state of less than approximately 25 MN/m? — shall be categorized as "soft
rock mass” [S].

Note 1: The 25 MN/m? value of uniaxial compressive strength set as the boundary between "hard" and "soft" rock mass is
a general guideline rather than a strict boundary.

Note 2: Weathered rock shall be categorized according to the assumed uniaxial compressive strength of the rock material
in its fresh state. This may be roughly estimated by identifying the rock type and basing the strength on a large quantity of
existing test data.

Note 3: Here, "soft rock mass" is equivalent to rock mass that, in Japan, is primarily sedimentary and pyroclastic rock from
the Paleogene and subsequent eras.

5.2 Secondary classification
The secondary classification shall be based on the structure and texture of the rock.

Hard rock mass [H] shall be categorized as either "Massive” {M} or "Foliated” {F} depending on the crystal grain
arrangement, structure, and other characteristics.

Soft rock mass [S] shall be categorized as "Massive” {M} (rock mass consisting of rock material with
homogeneous constituents), "Rudaceous” {R} (rock mass consisting of fragment and matrix), or "Interbedded”
{B} (rock mass with layers made of different constituents stacked in thin layers). (See Fig. 1.)

Note 1: "Hard massive rock mass” HM shall include rock mass with stacks of layers with different properties such as
alternating sandstone and shale layers, rudaceous rock mass, and other heterogeneous rock mass. In general, however
the engineering properties of hard rock mass are greatly affected by the presence of discontinuity, so these types of rock
mass are also treated as "massive."

Note 2: With regard to "soft rock mass," rock mass that can be treated as homogenous in engineering terms shall be
categorized as "soft massive rock mass,” while rock mass that is required to be treated as heterogeneous shall be
categorized as "soft interbedded rock mass" or "soft rudaceous rock mass."

Note 3: "Soft interbedded rock mass” SB shall be rock mass whose a single layer thickness is approximately 60 cm or
less on average, and in which multiple layers with different lithological characteristics are stacked alternately. Here "a single
layer" shall refer to a distinct rock with generally uniform grain size, lithological characteristics, and other characteristics,
and having clear bedding planes with the upper and lower layers.

5.3 Tertiary classification and subclassification

The tertiary classification and subclassification shall be based on two classification elements that dominate the
engineering properties of each of the rock mass classifications obtained in the secondary classification process.
The result is presented as a symbol representing each classification element.

Table B.1 and Table C.1 show the classification elements and the categories and respective symbols for tertiary
classification and subclassification, respectively. Figure B.1 shows the categories for "roughness of
discontinuity” and Table D.1 shows the categories for "weathering."

4 © JGS 2015 — All rights reserved
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Note:

531

Subclassification shall be used when there is a need to supplement the tertiary classification.

Classification of hard massive rock mass HM

Hard massive rock mass HM shall be classified as follows.

a)

b)

Note

Note

Tertiary classification shall be based on the two categories of "rock material strength" and "spacing
between discontinuities.”

Subclassification shall be based on "degree of weathering," "number of sets of discontinuities,
of discontinuity,” "roughness of discontinuity," and "presence or absence of filling material."

aperture

1: Many igneous and sedimentary rocks are classified in this category.

2. Of the classification elements relating to discontinuities, "aperture of discontinuity" is easily affected by loosening

as a result of excavation, so the outcrop should be carefully checked for its suitability for observation.

532

Classification of hard foliated rock mass HF

Hard foliated rock mass HF shall be classified as follows.

a)

b)

533

Tertiary classification shall be based on the two categories of "rock material strength" and "spacing
between discontinuities.”

Subclassification shall be based on "degree of weathering," "number of sets of discontinuities,
of discontinuity,” "roughness of discontinuity," and "presence or absence of filling material."

aperture

Note 1: Hard foliated rock mass HF shall include crystalline schist, phyllite, slate, and other metamorphic rocks with
pronounced foliated structures, as well as rock mass with strongly mechanical anisotropy that has a similar structure
and texture.

Note 2: The handling of classification elements used for tertiary classification and subclassification shall be the same
as for HM rock mass.

Classification of soft massive rock mass SM

Soft massive rock mass SM shall be classified as follows.

a)

b)

534

Tertiary classification shall be based on the two categories of "rock material strength" and "predominant
particle size."

Subclassification shall be based on "degree of weathering" and "spacing between discontinuities."

Note: Soft massive rock mass SM shall include sandstone, mudstone, and other soft sedimentary rock, tuff and
other homogenous pyroclastic rock, and so on.

Classification of soft rudaceous rock mass SR

Soft rudaceous rock mass SR shall be classified as follows.

a)

b)

Tertiary classification shall be based on the two categories of "matrix strength" and "fragment content."

Subclassification shall be based on "degree of weathering, boulder

content," "

predominant particle size of matrix,
predominant fragment diameter," and " fragment strength."

Note 1: Soft rudaceous rock mass SR shall be made up of fragment and matrix. In general, the fragment is harder
than the matrix. This classification also shall include autobrecciated lava with soft matrix, melange, the so-called
olistostrome strata, rock mass made up of fragment and matrix observed in groups of layers, and similar rock.

Note 2:  When the rock mass consists of fragment with a generally uniform particle size of several mm, such as lapilli
tuff, it may be treated as soft massive rock mass.

© JGS 2015 — All rights reserved 5
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Note 3: "Matrix strength" shall be recorded in the same category as "rock material strength." If there is a high
fragment content and it is difficult to determine the matrix strength (uniaxial compressive strength) directly, the needle
penetration test method or another suitable method is required to be used.

Note 4: "Boulder content" shall be defined as the volumetric content of fragments with a diameter of 200 mm or
greater. "Predominant fragment diameter" shall refer to the most dominant fragment diameter in terms of content by
volume. "Fragment strength" shall be recorded in the same category as "Rock strength,” but in many cases it is
difficult to determine the uniaxial compressive strength directly, so a point loading test or other suitable method is
required to be used.

5.3.5 Classification of soft interbedded rock mass SB

Soft interbedded rock mass SB shall be classified as follows.

a)

b)

Tertiary classification shall be based on the two categories of "difference in layer strength category" and
"component ratio of weak layers." See Table 1.

Note 1: "Hard layer" and "weak layer" shall indicate the hardest layer and weakest layer, respectively, of the layers
making up the interbedded rock mass.

Note 2: "Component ratio of weak layers" shall be the volumetric content of weak layers out of the whole.

Note 3: "Difference in layer strength category" shall be the combination of "layer strength" D, E, F, and G for hard
layers and "layerstrength" D, E, F, and G for weak layers, as noted in Table 1.

Note 4: If it is difficult to determine directly the strength of layers that are less than several centimeters thick, the
needle penetration test method or another suitable method is required to be used.

Subclassification shall be based on "degree of weathering” and "average thickness of weak layers."

Note 5: "Average thickness of weak layers" shall be the average vertical distance between the bedding planes of the
weakest layer.

Note 6: If it is necessary to evaluate the properties of each layer, the target layer shall be clearly indicated and then
the "soft massive rock mass" classification shall be applied and the results must be appended.

5.3.6 Fracture zone classification

Rock mass that forms fracture zones may be classified by applying the classification methods for hard and soft
rock mass shown in Fig. A.1, Fig. 1, Table B.1, and Table C.1. If these methods are applied, append the letter
"f* before the primary classification symbol to indicate that the zone is a fracture zone.

6

Reporting

The following items shall be reported.

a)

b)

Classification names and symbols and classification elements used

Note 1: Classification names resulting from primary and secondary classification, and classification symbols
determined in primary, secondary, and tertiary classification, as well as subclassification, shall be reported.

Note 2: Whether or not subclassification was carried out and, if it was, the reason for the decision to use or not use
classification elements shall be reported.

Note 3: If there is more than one classification name and symbol, these shall be listed together with boundary lines
using a figure or the like.

Method used to determine the categories for classification elements and the results achieved

© JGS 2015 — All rights reserved
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<)
d)

Note 4: Evaluation and judgment of classification elements are done based on the results of surveys and tests.
Various methods may be used depending on the stage of the study, the required precision, and so on. Accordingly, the
method used to determine the categories for classification elements shall be provided.

If the method used deviates in any way from this standard, give details of the method used.
Other reportable matters

Note 5: Geological information is crucial for a determination of the engineering properties of rock mass. Accordingly,
when geological information is available from existing geological references, geological investigations, and the like, it
is recommended to note this information. Examples may include the geological age of the target rock mass, stratum
name, rock type, nearby geological structures, geological origin of the rock, and so on.

Note 6: Information relating to the rock mass outcrop targeted in the study shall be clearly noted. For example, this
may include whether it is a natural outcrop or an excavation face or other artificial outcrop, the size of the outcrop, the
excavation method (in the case of an artificial outcrop), and other relevant matters.

Note 7: If photographs and sketches of the rock mass have been produced, these materials shall be appended.

© JGS 2015 — All rights reserved 7
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Hard rock mass [H]

Rock strength 25 MN/m? or greater or fresh
rock strength 25 MN/m? or greater

Soft rock mass [S]
Fresh rock strength less than 25 MN/m?

Massive {M}: Hard massive rock mass, HM
Rock material with no significant planar/schistose texture

Foliated {F}: Hard foliate rock mass, HF
Rock material with significant planar/schistose texture

Massive {M}: Soft massive rock mass, SM
Homogenous constituent materials

Rudaceous {R}: Soft rudaceous rock mass, SR
Composed of fragment and matrix

Interbedded {B}: Soft interbedded rock mass, SB

Rock material of different constituent materials stacked in alternating
layers

Fig. 1 Configuration and nomenclature for primary classification and secondary classification

Table 1 Layer strength combinations and symbols for soft interbedded rock mass

Strength category for weak layers
D E F G
D DD DE DF DG
Strength category for E EE EF EG
hard layers E FE FG
G GG

© JGS 2015 — All rights reserved
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Engineering classification system of rock mass

A.1 Engineering classification system of rock mass

Fig. A.1 shows the engineering classification system of rock mass.

© JGS 2015 — All rights reserved 9
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Primary
classification

Hard rock mass
[H]

Soft rock mass
[s]
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Predominant particle size (mm) 52 oc é’
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S
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]
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* Classification of SM shall be noted if necessary.

Fig. A.1 Engineering classification system of rock mass
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Classification elements and categories for hard rock mass

B.1 Classification elements and categories for hard rock mass
Table B.1 shows the classification elements and categories for hard rock mass.

Note: Figure B.1 shows the nomenclature and symbols used to depict large- and small-scale surface shapes and a
standard roughness model. It should be noted that the large-scale roughness model in the figure is a conceptual diagram
drawn with the surface irregularities slightly exaggerated.

© JGS 2015 — All rights reserved 11
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Table B.1 Classification elements and categories for hard rock mass
Classification Cateqor
element gory
Rock material , A B c D E F
strength (MN/m?) 100 or more 100 - 50 50 - 25 25-10 10-5 5 or less
Spacing between | 1] 1} \% \% \!
discontinuities
(mm) 2000 or more 2 000 - 600 600 - 200 200 - 60 60 - 20 20 or less
Degree of Wy W2 W3 Wa Ws We
weathering Table D.1
Number of sets of M N2 N3 N4 Ns
discontinuities One sets Two sets Three sets Four sets Random
Aperture of a a as a a 3
discontinuity (mm) | 0.1 or less 01-0.25 0.25-05 05-25 25-10 10 or more
Roughness of Isr Ism Iss Twr ‘ M'wm ‘ Mws Ipr ‘ ‘ I'ps
discontinuity Fig. B.1
Presence or f1 f,
absence of filling ] ] ]
material Absent Partially filled Fully filled
Small scale (10 cm)
Rough: r Medium (rglatlvely Smooth: s
rough): m
Large scale (1-2 m)
Stepped: s
I'sy Ism Iss
Ay, WKL
Wavelike: w
~—— Twr T Tws
Planar: p
Tor Fpm Fps

12

Fig. B.1 Categories for the roughness of discontinuity

© JGS 2015 — All rights reserved



'\

@J Japanese
Geghullniwl
Society JGS 3811-2011

Appendix C
(Standard)

Classification elements and categories for soft rock mass

C.1 Classification elements and categories for soft rock mass

Table C.1 shows the classification elements and categories for soft rock mass.

© JGS 2015 — All rights reserved 13



JGS 3811-2011

~ Japanese

Geotechnical

Society

Table C.1 Classification elements and categories for soft rock mass

Classification
element

Category

Rock material
strength (MN/m?)

D

E

G

25-10

10-5

1orless

Matrix strength
(MN/m?)

D

E

G

25-10

10-5

5-1

1 or less

Difference in layer
strength category

DD/EE/FF/IGG

DE/EF/FG

DF/EG

DG

Equal

One level

Two levels

Three levels

Predominant
particle size (mm)

\%

2 or more

2-0.063

0.063 - 0.002

0.002 or less

Fragment content
(%)

\%

50 or more

20-10

10 or less

Component ratio
of weak layers (%)

\Y

10 or less

30-50

50 - 80

80 or more

Degree of
weathering

W1

Ws W3

Wy Ws

We

Table D.1

Spacing between
discontinuities
(mm)

S1

S, S3

Sa S5

Se

2000 or more

2000 - 600

600 - 200

200 - 60

60 - 20

20 or less

Predominant
particle size of
matrix (mm)

P1

p2

Ps

Pa

2 or more

2-0.063

0.063 - 0.002

0.002 or less

Boulder content
(%)

by

10 or above

Below 10

Predominant
fragment diameter
(mm)

J1

[¢F]

J3

G4

630 or more

630 - 200

200 - 63

63 or less

Fragment strength
(MPa or MN/m?)

hy

hs

hy

hs he

h,

100 or more

100 - 50

50 - 25

25-10

10-5

1 or less

Average thickness
of weak layers
(mm)

t

t

3

ty

ts

600 or more

600 - 200

200 - 60

60 - 20

20 or less

14
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Categories of weathering stages of rock mass

D.1 Categories of weathering stages of rock mass

Table D.1 shows the categories of weathering stages of rock mass.

References

ISRM 1977: Suggested methods for the quantitative description of discontinuities in rock masses

© JGS 2015 — All rights reserved 15
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Table D.1 Categories of weathering stages of rock mass

Term State of weathering/alteration Category

Fresh No signs of discoloration or other weathering/alteration in the W
rock material. Only slight discoloration in the major discontinuity. !

:lltlgrhég weathered/ Discoloration observed in rock material and discontinuity. W,
Rock material is discolored brown but the discoloring extends to

Moderately less than half of the rock mass volume. The fresh and discolored W

weathered/altered or brownish rock is evident in a discontinuous framework 3
structure or nuclear pattern.
Rock material is discolored brown and the coloring extends to

Highly more than half of the volume. The fresh and discolored or W

weathered/altered brownish rock is evident in a discontinuous framework structure 4
or a nuclear pattern.

Completel All of the rock material has become discolored or has become

p y brownish soil or altered minerals. The original texture of the rock W5

weathered/altered
mass appears to have hardly changed at all.
All of the rock material has turned into soil or altered minerals.

. The rock mass structure and texture of the rock have collapsed
Residual - ) .
soil/altered and cannot be determined. There are major changes in volume, Ws

but in the case of weathering there is no significant movement of
the soil.

© JGS 2015 — All rights reserved
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Thinking hard about the h

Our Vision

- «*’;;_._ . The increasing of carbon dioxide is the major cause of global

warming problem. Our company has participated and contributed to
various projects for reducing the carbon dioxide emission such as
carbon capture storage project in recent years.

Japan is the top prone to earthquake country in the world. The
extensive damages are caused by the large-scale of earthquake and
tsunami. In addition, the abnormal weather causes the frequently river
flooding. Our company performs various investigations and analysis to
support the development of disaster prevention plan.

A In recently years, the depletion of fossil fuels has become a major
El}_erg‘y problem.Our company has participated and contributed to the

, - \ national oil and liquefied propane projects as the energy security
g@urces program.

Head Office

é DIA CONSULTANTS Add: 1-7-4,lwamotocho,chiyodaku,Tokyo 101-0032, JAPAN

Tel:+813 5835 1711,Fax:+813 5835 1720




One Stop Service

Our company provides one stop service for a client starting from the investigation until the
maintenance service after completion of a construction.

Subsurface
| Exploration

Civil Engineering
Structural Design

Numerical
Analysis

Technology

The seismic earthquake shall be considered to the construction design
over soft ground area such as landfill and reclaimed land.

Our company utilizes the latest technology of soft ground investigation
and proposes the best solution and method of a construction work.

In addition, we are developing the advanced subsurface investigation

The construction of civil engineering structural shall be considered the
effect of the earthquake.

The earthquake caused by the fault movement is increasing and can be
roughly predicted the damage scale by examining the active faults in a
vicinity of construction site.

Our company offers a high degree of reliable data by the advanced
investigation technology over half a century.

Head Office

é DIA CONSULTANTS Add: 1-7-4,lwamotocho,chiyodaku,Tokyo 101-0032, JAPAN

Tel:+813 5835 1711,Fax:+813 5835 1720




Setting our course towards...
A Safe and Secure Living Environment

We at Fudo Tetra Group use our own technologies and innovative concepts to
help build a secure and comfortable living environment.

Our new fields extend our reach from the sea bed to mountain tops, to make
our land more resistant to natural disasters and to create a social environment
for modern lifestyles that brings peace of mind.

==  FudoTetra Corporation

| 7-2 Nihombashi Koami-cho, Chuo-ku, Tokyo 103-0016
Tel: +81 -5644-
FUDOTETRA el: +81 (0) 3-5644-8500

http://www.fudotetra.co.jp




Unique Technologies and Know-How
Playing a Major Part
in the Construction of Social Infrastructure

CIVIL ENGINEERING

With our wealth of technical expertise and experience we are

building the social fabric of the future in the following fields:

- Roads, railways, dams and waterways, water supply and sewerage
systems, energy infrastructure and other land-based civil
engineering

- Port and airport installations, fishing facilities, coast defenses,
man-made islands and other coastal and offshore civil
engineering

Main technologies:

Mountain tunneling; shield tunnel boring; dam construction; earthworks;
offshore engineering; earthquake resistance strengthening and
replacement;

waste disposal plant construction; dismantling of incineration facilities;
water treatment; soil decontamination

SOIL IMPROVEMENT
In 1956 we were first in the world to develop the sand compaction

pile method (SCP), which is so effective for mitigation liquefaction
during earthquake. We continue to build on our R&D record, and
as experts in soil improvement we have a comprehensive range of
design and implementation technologies and a portfolio of project
implementation.

Main technologies:

Compaction, de-watering, drainage, solidification and water cut-off
methods; lightweight soil; anti-vibration technologies

ENVIRONMENT-USE BLOCKS

We lease forms for concrete blocks including tetrapods and other
wave-dissipating blocks, and for waterfronts we offer various
technologies and design services, and also products designed to
protect coastal aspects and ecosystems.

Main products:
Shaped concrete blocks of tetrapod, tetraneo, pelmex and other designs;
filtering units; ion culture components; etc.

— FudoTetra Corporation

FUDOTETRA




For a better society

Japan is located in one of the most active seismic zones in the world.
After the 2011 Great East Japan Earthquake, our society seeks safety
and people are hoping to have a more stable life.

In this age, Geo-Labo Chubu is contributing to developments for
a better society with laboratory tests of geomaterials.

Value creation

We pursue improvments of customer
| satisfaction in every aspect and are

Contribution to society

We aim for the realization of a safe and
secure society for all via laboratory tests
of geomaterials.

Technological strength

We offer information of reliable geomaterials
with ample facilities and skills that meet the 2=
demands of the present age.




Main test facilites

- We are specialists in laboratory tests of geomaterials -

Incremental loading consolidation test Large scale triaxial test

m Tests for physical properties of soils
Density test of soil particle / Water content test / Grain size analysis / Sedimentation analysis /
Liquid limit test / Plastic limit test / Wet density test / Ignition loss test / pH test

m Tests for mechanical properties of soils

Incremental loading consolidation test / Constant strain rate consolidation test / Unconfined
compression test / Triaxial compression test / Liquefaction test / Cyclic triaxial test / Compaction
test / California bearing ratio test / Cone index test / Permeability test / Large scale triaxial test

m Tests for physical and mechanical properties of rocks
Ultrasonic pulse test / Slaking test / Permeability test for rocks / Point load test / Unconfined
compression test for rocks / Swelling test / Water absorption test etc.

Geo-Labo Chubu

Chubu Soil Reseach Cooperative Association

Address: Midorigaoka 804, Moriyama-ku, Nagoya, Aichi, Japan
Post code : 463-0009 / Telephone: +81-52-758-1500
Email:info@geolabo-chubu.com

*Please contact us the above Email for any questions.
http://www.geolabo-chubu.com/




Cai Mep International Container
Terminal, Vietham

Contractor: PENTA-OCEAN — RINKAI-JV, 2013
*®

Thi Vai International General Cargo
Terminal, Vietham
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Contractor: TOYO Construction, ~ 2016
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Mombasa International Container
Terminal (Phase 1), Kenya




Cai Mep International Container
Terminal, Vietham
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**Contractor: TOBISIMA Corporation, 2013 X ¥ )

Japan [Head Office] Tel: +81-3-5434-8163
Kenya [Mombasa Project Office] Tel: +254-73-355-5050
Vietnam [Hanoi Representative Office] Tel: +84-43-826-2930
Indonesia [Jakarta Representative Office] Tel: +62-21-782-9334

The forerunner of port engineering in Japan, the most
authoritative and prestigious private consulting engineering firm.

Japan Port Consultants, Ltd.

www.jportc.co.jp TK Gotanda Bldg., 8-3-6, Nishi-Gotanda, Shinagawa-ku, Tokyo, 141-0031
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To explain the mystefiés of the universe,

We achieved digging tunnels at tremendous speeds.

Two tunnels stretch straight ahead for 3000 meters.

In Kamioka town, Hida City, Gifu Prefecture, home of the “Super-Kamiokande” observatory,

the tunnels had been constructed for the purpose of setting up a large-scale cryogenic gravitational wave telescope.
The KAGRA is a device used to measure ‘gravitational waves’,

planned by the Institute for Cosmic Ray Research at the University of Tokyo.

Gravitational waves are physical phenomena of ripples in the curvature of space-time.

To respond to the hopes of researchers to begin observations as soon as possible

so they can become the first in the world to detect gravitational waves,

Kajima Corporation dug the tunnels at an unprecedented maximum speed of 359 meters a month.

Kajima Corporation will continue to respond to the needs KAJIMA

of many people through its technology. CORPORATION




Strength from imagination.

French novelist Jules Verne once said, ‘Anything that one man can imagine, another man can make real.
Things we now take for granted — like cell phones and rockets — seem straight out of the world Verne imagined
over 100 years ago. Imagination opens up real possibilities. Today, the impact of each new structure we
build on earth comes under close scrutiny. What we must build next is a healthy relationship between humanity
and our planet. That means imagining life’s needs one hundred, two hundred, or more years from now. In

doing so we are transforming the technical challenges of today into the common-sense solutions of tomorrow.

Kajima pioneers new frontiers — creating architecture and infrastructure for centuries to come.

i 5

KAJIMA CORPORATION
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Legend

Colored Area:
Project Track Record
Headquarter:
Tokyo
Overseas Office:
Singapore, Kuala Lumpur,
Jakarta, Hanoi, Manila

KISO-JIbBAN CONSULTANTS CO., LTD.

KISO-JIBAN is an engineering consulting firm experienced in all phases of civil engineering project. Established
in 1953, we have participated in over 6000 overseas projects in more than 80 countries worldwide and have

been leading the industry with our innovative technology as a pioneer.

Comprehensive Service Areas

Geological and Geotechnical Survey
Geotechnical Design and Analysis
Disaster Prevention and Management
GIS (Geographic Information Systems)

Soil and Rock Laboratory Tests
Instrumentation and Monitoring
Geophysical Exploration & Development
Distribution of Geosynthetics Products

Soil Investigation

Among existing sampling technologies, the most
noteworthy technology should be Gel-Push Sampler
which was developed by KISO-JIBAN. Gel-Push Samplers
enable to obtain undisturbed soil samples on fragile soft
ground.

Undisturbed Samples Obtained with GP Sampler

GP-D type

GP-Tr type

GP-S type

( Single Tube Sampler Type )  ( Triple Tube Sampler type )

( Thinwall Sampler type )

Swivel

Viscous

Free piston
e~ Rotating bit
Cutting Shoe

Sampler head

Pressure water
Center shaft

T T T C T CEre

Inner head
Outer pipe

= VViscous
d Polymer gel
Sample tube

Inner tube
Fixed piston

=— Catcher
Cutting Shoe




Overseas Offices
Tokyo

KISO-JIBAN Overseas Department
Kinshicho Prime Tower 12 Floor,
1-5-7 Kameido, Koto-ku,

Tokyo 136-8577, Japan

Tel: +81-3-6861-8886

Singapore

KISO-JIBAN Singapore Branch
KISO-JIBAN SINGAPORE PTE., LTD.
60, Kallang Pudding Road #02-00,
Tan Jin Chwee Ind. Bldg.,
Singapore 349320, Singapore

Tel: +65-67473233

Malaysia

KISO-JIBAN (MALAYSIA) SDN. BHD.

No.3, Jalan Keneri 17/D, Bandar Puchong Jaya,
47100 Puchong, Selangor Darul Ehsan, Malaysia
TEL: 603-80761377

Geophysical Survey & Analysis

KISO-JIBAN has developed and innovated a number of
geophysical survey technologies as well as analysis
software.

One of our notable geophysical survey method, 3D
seismic refraction survey, enables the visualization of
elastic wave velocity for underground structure.

For geotechnical analysis, we leverage our technical
expertise and our experience in choosing method and
forming judgment.

Being an international company, we are capable to
work with all major international standards such as
ASTM (American), BS (British), EN (European), DIN
(German), and GOST (Russian).

As a pioneer, we are committed to keep listening to our
clients and to move forward to the future.

Vietham

KISO-JIBAN Representative Office

6th Floor, TID Building, 4 Lieu Giai Street,
Ba Dinh Dist., Hanoi, Vietnam

TEL: (84-4) 3232-1034

Indonesia

P.T. PONDASI KISOCON RAYA
Graha Sucofindo 14th Floor,
JI. Raya Pasar Minggu Kav. 34,
Jakarta 12780, Indonesia
Phone: +62-21-7986663

Philippines

KISO-JIBAN Representative Office

Unit 2105, 88 Corporate Center,

Sedeno Street Corner Valero Street,

Salcedo Village, Makati City 1200, Philippines
TEL:+63-2-552-8238

3D Seismic Refraction Survey

3D Terrestrial Fluid Analysis by “GETFLOWS”




Harmonize Human and Nature
by Technology.

Respect human and nature,contribute to make the future better.

Such wishes being symbolized into the corporate logo of “ A (human)”

Meet people, create a town and an environment in harmony with people.

OKUMURA will step forward to be useful for human and nature through its construction business.

l‘ mn‘ﬂ-*ﬂ Head Office:2-2-2 Matsuzaki-cho, Abeno-ku, Osaka TEL:+81-6-6621-1101 [ htt p://WWW.0 kumura gum i.co ] p ]

OKUMURA CORPORATION Tokyo Head Office:5-6-1 Shiba, Minato-ku, Tokyo ~ TEL: +81-3-3454-8111




OKUMURA’s
Pictorial Track Record

OKUMURA plays an active role in various fields toward a HUMAN CONSTRUCTER to
make the future better by respecting human and nature.
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A En“j.*ﬂ Head Office:2-2-2 Matsuzaki-cho, Abeno-ku, Osaka TEL: +81-6-6621-1101 [ h ttp: //www.okumura gum i.co ] p ]

OKUMURA CORPORATION Tokyo Head Office:5-6-1 Shiba, Minato-ku, Tokyo ~ TEL: +81-3-3454-8111
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Ooyo corporation

OYO is the leading geological / geotechnical

investigation / consultation company in Japan.

Since its establishment in 1957, we have been
involved, with our quality services and
instruments, in almost all major construction
projects highlighted in Japanese economic
growth, for buildings, dams, roads, tunnels,
nuclear power plants...

Instruments & Solution

OYO is not only a service provider but also a
manufacturer of advanced geotechnical and
geophysical instruments. Our geo-expertise,
both services and instruments, are currently
being leveraged for the following business
segments:

& Investigation & Inspection for Structures;
@ Natural Disasters Management;
& Natural Environmental Preservation;

& Natural Resources Development.

@ lapan @ Malaysia @ China @ Guam
@ Turkey @ France @ UK ¥ USA

http://www.oyo.com
international @oyonet.oye.co.jp
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How do you secure safe operation of your
projects which are always exposed to risks of
geohazards and environmental pollution?
Land subsidence in tunnel construction,
environmental pollution in dams, rock fall in
roadside slopes... There are so many risks you
have to monitor. How do you watch them

when you cannot keep your eyes on them?

i-SENSOR will keep its eyes instead.

B o
i-SENSOR is most tipically used to .conﬁgure
Early Warning System against geohazards.
Combined with various range of our
sensor products, the systems
detect the occurrences
timely and
precisely.
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The Future Begins
with a Dream

Our dream is to make the world

ach of our technologies, : R
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The Environmental Island G REENFLOAT

A marine city floating on the waters of the Pacific. By combining nature's boundless stores of solar,
wind and marine energy with the latest technological innovations, we can ensure a self-sustaining supply of
energy and food that goes beyond carbon neutral into carbon negative. This "botanical city" provides
a path towards sustainable co-existence in which people and nature can live in comfort and harmony.

Shimizu Dream |




A&S Soil Improvement Method (Absorption and Subsidence Soil Improvement Method)

Summar Cunstruction
This method is able to improve soil property in a short term by 3 points.
@Suctioning pore water by Super Well Point Method(SWP)

@Improve permeability by inspiration and expiration in the ground
@Promote consolidation settlement by loading fill

Exh
Fill | — Drainage xhaust

SW
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Comparing naturarl water content
(Whether improved or not)

Diagrammatical view: A&S Soil Improvement Method
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®Subsidence convergence in only 3months 100 - gl
@The cost will be half or less than deep mixing method % H o
®@The applicable depth is around 50m (Experience:30m) g 50 ,~'3’iu
@)t controls residual settlement surely E ,'?" Original state :85.8%
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Gravel Support Method

Comparing Consoilidation yield stress
(Whether improved or not)
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Summa

The gravel support method reduces liquefaction-induced damage of small structures or
outdoor facilities by improving only the ground surface with highly permeable gravel layer.

Widening the | Small
fandation  |Structure

Pavement Catch basin
....... ]
- Gravel o
= NNNNA = T 1‘—\ b\ /// ‘T\ R
Frow ol‘ ‘roun‘d \‘Nater Flow of ground water /G :

g 9 drainage joint Flow of ground water|

Liquefiable layer Liquefiable layer Liquefiable layer
newly-constructed structures pre-existing structures outdoor facilities

(Gravel layer) (Gravel layer+ Widening the foundation) (Gravel drainage joint)

Applicabilit

(1)Structures which meets all four conditions below (@PLiquefaction-induced damages can be largely

®Weight : less than 5t/m? reduced by improving only the surface layer
@Short side length : less than 15m (2Can significantly reduce the cost in compare
@Thickness of the foundation (pre-existing with other existing methods
structures only) : larger than 50cm @)Is application to wide variety of construction
@No habitable room conditions
(2)Outdoor facilities @Can be constructed without stopping the

operation of facilities

Today’'s Work,
Tomorrow’'s Heritage

Effect of the measures

Verification of the effect of the
measures by centrifugal model tests

Gravel Support Method

SHIMIZU CORPORATION @

SHIMZ




Road toithe future — Sri Lanka’s 1st highway

Taisei Corporation is building the first highway in the island nation of Sri Lanka. Working in the rain and in
the heat, handling the most challenging terrain. It’s a job that calls for some serious technology. And it’s an ini-
tiative that will help smooth the movement of people and goods around the country and draw more visitors
here from around the world, invigorating the vital tourism industry. To help build this road is to helpbuild the

nation’s future. Here and around the world, Taisei:Corporation is working passionately, bull(‘ibng on success.
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Ground Flex Mole®

Permeation grouting, void filling and soil remediation beneath existing structures using directional drilling

technology

The drilling machine occupies a small area; applicable in narrow spaces
Temporary work pits are not required; low cost and short construction period
The method allows operation of existing structures during soil improvement works

WinBLADE®

In-situ soil mixing method at narrow spaces adjacent to existing

structures using expandable/collapsible mixing blades

(DMixing blades in collapsed state are @The mixing blades are
inserted into ground through casing expanded at the tip of
the improvement area

High applicability by vertical and diagonal mixing
Less removal work of pavement and buried obstacles
Reliable execution using monitoring and auto control system

4 TAISEI

For a Lively World







Toyo Construction's strength lies in its unparalleled marine technologies. The
company has grown to be one of Japan's leading marine contractors, with
experience in the fields of dredging, reclamation and port construction and
energy-related offshore structures.

Our start in operation for overseas business dates back to 1972 in

y BE K ) ;m o Y‘ Singapore, and has since established a solid reputation by completing
= I Y PN N - a number of difficult marine and on land construction projects in
Southeast Asia, the Middle East, and Pacific Ocean countries to expand
to Kenya in Africa in 2012. Operation fields cover not only dredging and
reclamation, ports, and energy-related facilities, but also bridges,
dams, river, and building works.

With the rapid expansion of international economic blocs and the accelerated
growth of globalization, overseas operations have become increasingly
important. Making use of our cumulative expertise and technology, and
working together with our large well trained overseas staff. Toyo Construction

is committed to expand our operation fields even further.

O

www. toyo—-const. co. jp/en/
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| Testing Center for Soil, Rock & Cancnetis
Hokkaido Soil Research
Co-operation

Researching Geo-Materials & Pioneering a New Future

Corresponding to the Projects of Construction, Disaster Prevention & Environmental Conservation

Particle Size Distribution Test of Soil

Cyelic Triaxial Test of Soil ( Liquefaction Strength - Deformation Characteristics )

Compression Test of Concrete Laboratory Assessment for Deterioration of Concrete (Carbonation - Alkali Aggregate)
SR/ ISO/TEC 17025 Accredited Testing Laboratory Sapporo Japan
=" Hokkaido Soil Research Co-operation
Address ¢ 1-8-3-1, Kitago, Shiroishi-ku, Sapporo, Hokkaido Japan

Post code : 003-0831

Telephone : +81-11-873-9895

E-mai | ! info@src.or.jp

URL : http://www.src.or.jp




Address
Post code
Telephone
E-mai |
URL

Professional Croup

off Leldorafion Tests

1-3-3 Higashi-befu,Settsu,Osaka,Japan
566-0042

! +81-6-6827-8833
¢ tech@ks-dositu.or.jp

http://ks-dositu.or.jp/

’




* Field Surmqe

e Aquifer avru- -----
* Well De5|g

¢ Field Boring & Testing
e Laboratory Testing

e Chemical, Numerical
~o Strucfural &Remedial Actign Desigr?

I i stem Develqpment

e Field Su‘li ey & Testing

e Seismic Capacity Analysis
¢ Reinforce Design

e Site supervision

Asano T arser Kiso ENGINEERING CO.,LTD.

Address/ TEL, E-mail 8-7 Kitaueno2chome, Taitou-ku, Tokyo, Japan, 110-0014
+81-3-5246-41721 atk-info@atk-eng.jp
Group Companies ACKG Ltd. “Parent Company” (JASDAQ Listed)

K

Oriental Consultants Co.,Ltd., Oriental Consultants Global
Consultants Co.,Ltd A-Tec Co.,Ltd., Research & Solution




AIming at coexistence with the earth
Overall engineering on earth

[Site Investigation]

We accumulate detailed and
accurate geotechnical information
through conscientious field
investigation.

[Soil Test]

We characterize the physical and
mechanical properties of the soil

based on sophisticated sampling
and testing technology.

[Foundation Analysis]

We perform accurate analytical
estimation of the ground behavior
by using the results of site
investigation and laboratory soil
test.
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Chiba Engineering Corp.

1-30-b, Makuhar ihongo, Hanamigawa-ku, Chiba 262-0033, Japan
TEL. +81-43-275-2311 FAX. +81-43-275-4711

http://www. chiba-eng. co. jp




Earth Dector.

KGE serves as an “Earth Doctor”
to benefit global society.

We provide the best solution through our own advanced technologies for the future.

B
I | |
. Environment ' _ _
; Marine and Geophysical surve
\@ and Water Quality Survey \ \lj phy y
S —| e
1

1
"= | Disaster Prevention VN Infrastructure
\j and Mitigation Management \@ Maintenance Management
L ——— (|

@ Sincerely, Speedy and best Solution.
v/ Kawasaki Geological Engineering Co., Ltd. http://www.kge.co.jp/

TEL: +81-3-5445-2071 FAX: +81-3-5445-2073 2-11-15, Mita, Minato-ku, Tokyo 108-8337 Japan E-mail: post-master@kge.co.jp




NESPIEC

Enginnering Consultant

Linking Nature And People Through Technology

Fields of Activity
* Dam and Water Resources Management
* River, Erosion and Coastal Engineering
* Roads, Highways and Bridges, Transportation and New Traffic Systems
* Urban and Regional Planning
* Ports, Harbors and Airports
+ Architectural and Structural Engineering
* Geology, Geotechnics and Foundations
* Electric Power Development Engineering
+ Substations
* Information and Telecommunication Systems
* Development Planning, Environmental and Socioeconomic Engineering
* Land Formation and Landscaping, Water Supply and Sewerage Systems, Water Treatment and Disposal

http://www.newjec.co.jp

M Osaka Head Office M Jakarta Office
2-3-20 Honjo-Higashi, Kita-ku, Osaka 531-0074, Japan Summitmas |, 6th Floor, JI. Jenderal Sudirman Kav. 61-62,
Tel. +81-6-6374-4059 Fax. +81-6-6374-5198 Jakarta Selatan, Indonesia
Tel. +62-21-2523460 Fax. +62-21-2523470
HMTokyo Head Office EMyanmar Liaison Office
1-5-7 Kameido, Koto-ku, Tokyo 136-0071, Japan Room No0.427 c/o COCORO 4th fl. YUZANA Hotel, 130 Shwe Gon Taing
Tel. +81-3-5628-7201 Fax. +81-3-5628-7200 Rd. Bahan twp. Yangon, Myanmar

Tel.+95-1-860-4919




Successfully Building a Better Future.

/\ NISHIMATSU CONSTRUCTION CO., LTD.

During the 50 years operating experience in Southeast Asia, we have worked closely together
with the local business community and our local staff. In the process we have develop and
establish a strong network of reliable and supportive business associates in these countries.

We shall continuously help in the development of these regional countries with our
technological strength and good project management ability.

Kwun Tong Line Extension Contract
No.1001, Yau Ma Tei to Whampoa
Tunnels and Ho Man Tin Station

sen : HONG Kong ~ TAIWAN

Kaohsiung Metropolitan Mass
Rapid Transit System

§

CAMBODIA . / TETNAM

-
gD

MALAYSIA i)

!J . N\
._': — ! | §
-

Pahang-Selangor Raw Water Transfer Project
Lot 1-1 Water Transfer Tunnel and Related Works

1
.. -..'I"""‘I

-

. = '\.‘ .__.
Design, Construction & Completion of Q e
Stations at Nicoll Highway & Stadium Singapore National Library
Stations Including Tunnels Construction

Centralized Sewerage System for
Kuching City Centre (Package1)

N FErEes
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B Mechanical Mixing
Deep Soil Mixing
(Wet Mixing, Dry Mixing)
Mass Stabilization
(WILL Method)

B Chemical Grouting

B Jet Grouting
(V-JET Method)

B Compaction Grouting
(CPG Method)

B Ground Anchors
B Soil Nailing
B Micro Piling

Our Mission: Providing the most economical and practical solutions.
An Innovator: Challenging sprit in geotechnical industry.
Superior Performance: Huge experiences for 60 years.

SANSHIN is a Japanese top company to have been working on reinforcement and stabilization of the ground since 1956.
Our superior technology contributes in the world with building safe and comfortable society.

£) SANSHIN CORPORATION

URL : http//www.sanshin-corp.co.jp
E-mail : sales@sanshin-corp.co.jp
Headquarters 2-19-6 Yanagibashi, Taito-ku, Tokyo 111-0052, Japan +81-3(5825)3700

Taipei Branch 5F-2, 130 Po Ai Road Taipei, Taiwan, R.0.C 10043 +866-2(2388)8039
Hong Kong Branch Room 1106, the L.plaza 367-375, Queen’s Road, Central, Hong Kong +852(2666)0088




Chuden Engineering Consultants

A multi-disciplinary consulting services provider

Our service areas
River / Debris-slide protection Regional arrangement
Civil engineering machine design Survey
Road / Transportation Water and sewer services
Architecture Facility design / investigation
Harbor Electric / communication
Environment Numerical analysis
Soil remediation / waste treatment Information system
Geology
Contact:
nercia TEL: +81-82-255-5501
i E-mai : inquir@cecnet.co.jp
The chugoku electric Power group URL : http://www.cecnet.co.jp

We meet the needs of our customers with creativity
and comprehensive knowledge

We sincerely intend to meet social needs and
carry out our mission to deliver infrastructure to
the next generation beyond the current level under
the corporate motto as "Sincerity, Brightness &
Solidarity”.

http.://www.cfk.co.jp/en/

O ’CHUO FUKKEN CONSULTANTS CO.,LTD.

Creanve & Fult KNowteDGe N Il}i ~ ‘ iz =
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[Head Office] [Tokyo Head Office] » ,
4-11-10,Higashinakajima HigashiYodogawa-ku,Osaka,533-0033,JAPAN  2-10-13,Kojimachi,Chiyoda-ku,Tokyo,102- 0 JA
TEL:+81-6-6160-1227 FAX:+81-6-6160-1239 TEL:+81-3-3511-2002 FAX:+81-3-3511-2032




Upgrading and disseminating coastal and ocean technology

- toward the improvement of people’s life and to ensure the safety and security -

CDIT

Coastal Development Institute of Technology

SHIMBASHI SY BLDG. , 5F, 1-14-2, NISHISHIMBASHI,
MINATO-KU, TOKYO 105-0003, JAPAN
TEL: 81-3-6257-3701, FAX: 81-3-6257-3706
E-mail: cdit0927 @cdit.or.jp, URL: http://www.cdit.or.jp/

Infrastructure Solution Consultant

Eight-Japan Engineering Consultants Inc.

Valuable Future Environment

Contribution to the Creation of a Truly Affluent Society through
Excellent Earth-Friendly Technologies and Professional Judgement

B Corporate Headquarters
1-21 Tsushima Kyomachi 3—chome, Kita—ku, Okayama City,
Okayama, Japan 700-8617
TEL: +81 (0)86-252-8917 FAX: +81(0) 86-252-7509
B Tokyo Headquarters (International Department)
33-11 Honcho 5—chome, Nakano—ku, Tokyo, Japan 164-8601
TEL: +81(0) 3-5341-5155 FAX: +81(0) 3-5385-8510
HEBangkok Representative Office
B.B. Building, 15th Floor, Room 1515,54 Sukhumvit 21 Road (Asoke),
Klong toey Nua, Wattana, Bangkok 10110 Thailand
TEL: +66 (0)2-664-4144, 4146 FAX: +66 (0)2-664-4145

URL:http://www.ejec.ej—hds.co.jp




FUjiTH

DaiwaHouse Groupe

http://www.fujita.co.jp 4-25-2 Sendagaya, Shibuya-ku, Tokyo 151-8570, Japan Phone: +81-3-3402-1911

BWE DA 2 TE MR EEZAA -

| st Al EA 2 |

[ N =[E == Fas 2-10-11, Hikari-machi, Higashi-ku, Hiroshima-shi,
O 15@5’3@5251'**5‘73*1 Hiroshima, 732-0052 JAPAN

FG=X FUKKEN CO.,LTD. TEL +81-82-506-1811 FAX +81-82-506-1890
DEUEEER URL http://www.fukken.co.jp/

Wjoint-venture companyl Green Building, 540/1 Cach Mang Thang Tam Street, Ward 11.

| District 3, HCM City. VIETNAM
FI" TEL +84 8 5404 5343 FAX +84 8 5404 5344

T Fukken & Minami Consultant Co., Ltd. URL http://fmevietnam.net/




HOJUN’

HOJUN CO.,LTD.

Address:1433-1 Haraichi,Annaka-shi,Gunma 379-0133 TEL:+81-27-385-3411 (front desk) FAX:+81-27-385-5859

Hojun Group is a unique corporation that mines and mills bentonite—which is said to have thousands of applications—and develops it
into products, on a scale unmatched by any other corporation in Japan. Hojun's domestic share of the bentonite market is constantly
above20%. We maintain an excellent international in reputation as one of the 10 largest manufacturers in the world.

At present, we have facilities capable of producing 11,000 tons of bentonite(domestic production only) per month. Production is
expected to grow even more by importing high-quality foreign bentonite and mixing it with bentonite from the United States.

exhibits
an outstanding capacity for seepage control by means
of mixing and compacting bentonite with soil.
This method is widely used for the containment of surplus soil
with hazardous substances including heavy metals or seepage
control technology for landfill bottom liners and capping.

is a construction
method that layers 100% pure bentonite (crushed rock),
a natural clay mineral.
The method provides high-performance qeepage,gpgﬁpl

(a water permeability coefficient of 1 x 1010 m/s or
Along with cesium absorption, formmg a fir
Shut-off layer for various purposes

Radioactive contaminants

MForce for the load unnecessary, mea-
surement of various parameters avail-
able with low costs

B Can be used in a site where a heavy
machine cannot be entered, and the qual-
ity management in construction improved

W Short time, speedy measurement

B Compact and lightweight, easily oper-
ated, with no experienced operator
needed

W Battery charging that allows portability
to sites for measurement

= MARUI «CO.,LTD.
POSTAL CODE : 574-0064

1-9-17 Goryo, Daito City, Osaka Prefecture, Japan
PHONE : 81-72-869-3201 FAX: 81-72-869-3205
E-MAIL : hp-mail@marui-group.co.jp

WEB-SITE : http://marui-group.co.jp/en/




nikken.)p

more than creative

Planners Architects Engineers

Geotechnical & Environmental Engineerin

* Reclamation subsidance analysis |
+ Dredging disposal recycling & treatment |
+ Earthquake resistance design :
+ Water quality assessment i

|

JAPAN

* Flood & Tsunami disaster area analysis

Industrial Facility Infrastructure Design
Urban Development & Infrastructure Design
Regional & Urban Development Planning |

44444444444444494

NIKKEN SEKKEI CIVIL ENGINEERING LTD
http://www.nikken-civil.co.jp/eng/

1-4-27 Koraku, Bunkyo-ku, Tokyo 1120004, JAPAN
Tel. +81-3-5226-3070 Fax. +81-3-5226-3075

L i'.Y i " ;
of ports, people and te

The Technical Standards and Commentaries for
Port and Harbour Facilities in Japan

An English version of the Japanese Standards for port and harbor facilities can be
downloaded at http://www.ocdi.or,jp/en/

Main Contents are;

-Principle of Performance-based Design Method
-Meteorology and Oceanography +Natural Conditions
-Material -Foundations =Waterways and Basins
-Protective Facilities for Harbors -Mooring Facilities
-Storage Facilities -Other Facilities

What is OCDI
The Overseas Coastal Area Development Institute of Japan (OCDI) was established in 1976 for the purpose

of sharing Japan’ s experience and knowledge in port development with developing countries, and has since
contributed to the economic development of countries throughout the world.
For more information, you are referred to our web—site http://www.ocdi.or.jp/en/
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A spmt of acceptmgchallenge, , tha \a €8, T
even as times change, and the power of ﬂex1ble seff- innovati
to respond to the needs of each new era.

At Penta-Ocean, we are never satisfied with things as they are,
and we continue to move steadily forward, step by step.

GOING FURTHER

ZDHEDEIIN

2-2-8 KORAKU,BUNKYO-KU,TOKYO 112-8576 JAPAN

https//www.penta-ocean.co.jp/ ¥y PENTAUCEAN CONSTRUCTION GO,LTD.

G scorr

We provide a wide variety of information and know-how from planning,
cost estimation, ordering, construction to maintenance and management
for the smooth implementation of port and airport construction projects.

Name SCOPE (Service Center of Port Engineering)
Corporation approved by Prime Minister.

Date of Establishment may 30, 1994.

(Transformed into General Incorporated Foundation on April 1, 2013.)

Head Office Shouyu Kaikan 3F, 3-3-1 Kasumigaseki, Chiyoda-ku,
Tokyo 100-0013
TEL. +81-3-3503-2081 .~ FAX. +81-3-03-5512-7515

URL : http://www.scopenet.or.jp




Vessel: KOUKAKU -
For offshore soil improvement works.

& TOA CORPORATION

Multinational Construction & Engineering
Companies in Japan

http://www.toa-const.co.jp/eng/

engineering for more than 100 years.

HEAD OFFICE
3-7-1, Nishi-shinjuku, Shinjuku-ku,
Tokyo,163-1031 Japan

Telephone : (81)-3-6757-3800
Facsimile: (81)3-6757-3830

TOA has expanded its business fields into
on-land infrastructure works, architectural
works, and international operations. To

Leaving to the future,
society coexisting wit

WESCO brings together its technical, creative and

£

practical skills with integrated organizational
strength to build a comfortable future for all of us.

Surveys

Surveys
eographical information
Compensation surveys

Ground surveys
nvironmental planning/surve!

. Infrastructure
Design management

Civil engineering design Urban planning General Construction Consultant
Agriculture and forestry promotion: PPP/PFI

Architectural design Asset management ES‘ O I
nvironmental design Orderer support system; WESCO n C .

Head Office : 2-5-35 Shimadahonmachi, Kita-ku,
For more details about our business, please visit our website. Okayama-shi, Okayama 700-0033 Japan
http://www.wesco.co.jp/ TEL: (+81) 86-254-2111 (Key) FAX: (+81) 86-253-2098
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