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11.21  When planning and designing a reclamation, a balance should be sought between the
quality of the available fill and the need for ground treatment, especially where only higher fines
content fills are available. The designer should take into account the benefits and application of the
full range of ground treatment methods available to improve the strength and compressibility
characteristics of materials within reclamation. Typical methods include:

— Pre-loading and surcharging;

— Drainage;

— Soil replacement;

— Vibration;

— Inclusions.

These methods have been described in detail in the standards TCVN11820-4-2:2020;
TCVN9355:2012; TCVN9842: 2013; TCVN 9403:2012; TCVN 9906: 2014.

11.2.2  The level at which the ground treatment is executed should be selected with care, taking
the following factors into account.

a) Below water, ground treatment is logistically more challenging and less effective due to the low
effective stress from soil particle buoyancy.

b) Above water level, placing and compacting fill material in layers is straightforward by
conventional roller or similar methods.

c) Working from the reclamation surface both reduces the depth of the applied treatment and
avoids having to penetrate the dense compacted near surface layer.

d) Working from the surcharge top level maximizes the effective stress, but increases the depth
of penetration

e) Working platform height should be limited to ensure that edge structures remain stable.

11.2.3  The selection of ground treatment method should take full account of:

a) the time required to achieve the planned soil improvement;

b) the influence of water level and pore pressures on the submerged weight of soil and reduction
in effective stress;

c) possible conflicts with major earth movements, dredging and other works on the site;

d) the consequent implications for the construction programme.

11.3 Design process

11.3.1 Ground investigation and preparation of functional requirements

11.3.1.1 The ground treatment plan is designed on the basis of survey data and design
requirements.

11.3.1.2 The initial survey was conducted to make a preliminary assessment of the need and
extent of ground treatment to prepare design requirements and assess the risks posed by ground

conditions. Initial investigation may include testing to test the strength and compaction (or
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permeability and consolidation rate) of the subsoil.

11.3.1.3 Develop design requirements for soil treatment methods and levels based on survey
results, along with end uses.

11.3.1.4 Imposing design requirements too high has a large impact on the amount of processing

required, and can increase costs unnecessarily.
11.3.2 Ground treatment design

11.3.2.1 When it is determined that the background needs to be treated before embellishment, it
is necessary to conduct experiments on the necessary criteria to serve the analysis.

11.3.2.2 The method and sequence of implementation for each ground treatment method are
given in TCVN11820-4-2:2020, TCVN11820-4-2:2020, TCVN9355:2012, TCVN9842:2013, TCVN 9403:2012,
TCVN 9906: 2014 and relate standards.

11.3.3 Further ground investigation

11.3.3.1 Where the initial ground investigation does not provide all the data required fully to
design the ground treatment required, additional ground investigation should be implemented if
advantageous.

11.3.3.2 The further ground investigation should be focused on the design requirements of the
ground treatment, and should include definition of strength, compressibility and rate of
consolidation parameters. In fine-grained materials, where these are to be left in place, the
duration of the compressibility tests should be extended such that secondary consolidation (creep)

characteristics can be assessed.
11.4 Performance monitoring
11.4.1 Bearing capacity and settlement

11.4.1.1 On completion of the ground treatment, further testing should be carried out to determine
whether the reclamation performs in terms of bearing capacity and future settlement, as required.
This testing should typically include the following.

a) To assess future settlement characteristics of the reclamation, settlement observation points
should be established over the area of the reclamation and monitored both during the construction
period and after. Settlement monitoring points established on the original ground surface prior to
filing are particularly useful to establish the full settlement history of the original ground.
Observation points that are destroyed by construction or during development should be re-
established nearby so that a continuous record of settlement is available.

1) Standpipes and piezometers should be deployed where knowledge of ground water level, and
pore pressures is required, and magnet extensometers should be deployed to reinforce settlement
monitoring.

2) Inclinometers should be deployed where lateral ground movements need to be monitored.

3) The data from observation points during construction allows verification of the parameters
67



(Draft)

used for design. If the parameters back-analysed from the observation points are more onerous
than assumed, then the treatment applied should be reassessed. The earlier this back-analysis is
carried out then the longer the period of construction remaining and the less additional ground
treatment measures can be required. The converse is also true: early examination and scrutiny of
this data might show more optimistic parameters and allow a reduced degree of treatment in future
areas than would be the case had the examination taken place later.

b) Repeating the CPT (or SPT/PMT) and comparing the pre- and post-test results. If the criteria
given in the functional requirements (or detailed by the contractor in the design) in terms of either
relative density, cone resistance or modulus, are shown to have been achieved, treatment can
continue to the next area. If the criteria are not met, the reasons should be investigated and further

treatment carried out followed by testing.
11.4.2 Analyze and process monitoring data

11.4.21 Good quality data is of paramount importance as inaccurate and/or unreliable data is
very difficult to back-analyse. This delays the construction programme and hence is likely to have
potential contractual implications and significant cost increases.

11.4.2.2 Acceptance of the reclamation/ground treatment relies on the results obtained from
monitoring and testing. The effort required in acquiring this data in terms of resources should not
be under-estimated. If the data available for scrutiny is too sparse for reliable conclusions on future
performance to be ascertained, then acceptance of the reclamation should be delayed until more

data is obtained.

12. Management and quality control

12.1 General

12.1.1 A rational design must integrate functional and performance requirements, inwhich
boundary conditions, equipment and working methods need to be taken into account.

12.1.2 A good design will ensure the desired outcome of a project in the most cost-effective way
without undesirable environmental impacts.

12.1.3 For all projects, whether capital, maintenance or remedial, a detailed design must be
prepared. The design phase presumes that all feasible alternatives have been considered, and a
single project has been identified which meets the economic, financial and environmental criteria
established.

12.1.4 Design documents and cost estimates need to ensure accuracy and reliability to serve as a

basis for evaluating bids and selecting contractors.
12.2 Measurement design

12.21 The methods of measurement to be used for any dredging/reclamation project should
be clearly described in the works specification documents and be specified in the design
documents. The methodology used for the measurements should be consistent between surveys
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to ensure that the potential for variations introduced as a consequence of methodological changes
is minimized.

12.2.2 The selection of methods of measurement (including the detailed specifications) should
be undertaken with reference to the overall accuracy and precision of these methods and the
potential consequences of the accuracy and precision limitations with reference to the purpose of
the measurements.

12.2.3 Changes in the bulk volume of materials during the dredging and reclamation process
should be taken into account when design the measuring dredging and reclamation works.

12.2.4 When surveying, dredging design should take into account the presence of debris,
contaminated sediments, boulders, and pre-treated rocks and need to be quantified.

12.2.5 The basic and maintenance dredging design determines the geometrical dimensions of
the dredging area to be achieved at the end of the project. The allowable error value must be

determined when designing the dredge, the method is according to 6.2 and 7.5.
12.3 Tolerances

12.3.1 Dredge tolerances should be specified in the design documents and are often included in
the dredging contract as well as licences/permissions.

12.3.2 Tolerances should take account of the dredging plant to be used and the environmental
conditions such as wave heights. Measurement to assess compliance with tolerances should take
account of the level of accuracy of the measurement method versus the magnitude of the tolerance

(relative to the capabilities of the plant/operators under the conditions on site).
12.4 Dredged area quality control

12.4.1 The geometric design of the dredged area should specify the final depth, the bottom
width, the side slope and the acceptable tolerances.

12.4.2 Measurement and monitoring of dredged areas should be undertaken by a bathymetric
survey using a multi-beam or single beam echo sounder. The survey should run multiple survey
lines along the line of channels and trenches, in addition to running check lines at regular intervals

perpendicular to the trench line.
12.5 Reclamation quality control

12.5.1 The quality control of the dredging - reclamation design must ensure that the geometric
design of the dredging - reclamation area, such as depth, width, slope and dredging tolerances,
are within the allowable range. Geometric dimensions and embankment characteristics of the
rehabilitation work should be achieved at the end of the project.

12.5.2 Measurement and inspection after dredging - embellishment, comply with the provisions of
current standards on construction, acceptance.

12.5.3 Design documents should take into account potential volume changes arising during

dredge transport and loss of fine-grained material during restoration.
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12.5.4 When designing reclamation quality monitoring tests the following strategies should be
appraised for their suitability:

a) material testing: confirmation that fill material meets the specified fill criteria through material
testing (soil sampling);

b) behavioural monitoring: monitoring the behaviour of the placed reclamation fill to confirm that
the specified criteria for settlement and deformation are being met;

c) performance testing: tests the ability of the reclamation to perform under specific conditions
(load tests);

d) process monitoring: standards, or trial tests can provide construction methodologies that, if

properly followed, can ensure that the desired performance characteristics are met.
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Annex A
(informative):

Seismic geophysical investigation techniques

A.1 Seismic refraction profiling

In the refraction method, the various velocities of propagation of acoustic energy through the
seabed strata are measured. In order to achieve this, a pulse of acoustic energy is released by

high explosive, sparker, air gun, etc.

The acoustic energy source can be attached to the hydrophone array, towed between the
hydrophones or independently placed on the seabed. The choice of acoustic energy source and
hydrophone array depends upon site conditions and needs careful consideration at the planning

stage.

The apparent velocity recorded between any two hydrophones is the velocity of propagation in the
stratum from which that energy has been refracted (this is typically referred to as seismic velocity).

In this way a vertical profile can be derived and depths to points of velocity changes calculated.

‘ A ACQUISITION SYSTEM
/ _— ] - Seismograph and control computer

UMBILICAL CABLE
- carrying electrical signals
and high pressure air

/ CANISTER - containing air gun

HYDROPHONE CABLE
9.0 _0-0_0_0_0_0_0_60_0

DIRECT /////

OVERBURDEN ARRIVALS

REFRACTED ARRIVALS
VELOCITY (VI) Critial angle

sin”' (V’/vz)

Fig. A1. Schematic diagram of Configuration of a seismic refraction survey

A benefit of the method is that the seismic velocity of rocks depends upon their degree of
weathering and fracturing (the velocity of refracted energy is reduced when it passes through fault
or fracture zones). This therefore allows rock quality to be assessed horizontally along an array of

hydrophones.

The refraction method complements the reflection method (see A.2) and might give satisfactory
results when the reflection method has poor penetration or resolution due to organic sediments,
coarse granular seabed surface, poor quality reflectors, variable geology or disturbance from

shallow-water multiple reflectors. All seismic methods might achieve poor results where gas is
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present within the soils or rocks.

The main disadvantage of the method is the difficulty in placing the acoustic energy source and the

hydrophone array on the seabed in a known position.

Waves, currents, winds and water depths, etc. make field work slower than for the seismic
reflection method. A further disadvantage is that the field data in their raw form are not instantly
amenable to interpretation and for best results require a further level of processing than is typically

required for the reflection method (in the case of single-channel seismic reflection profiling).

An advantage of the method is that it might provide a guide to whether the ground materials can be

dredged directly or might require pre-treatment.

Standard for using the Seismic refraction Method for Subsurface Investigation refer to ASTM
D6429, D5777.

A.2 Seismic reflection profiling

In the reflection method, a pulse of acoustic energy is reflected off the seabed and those sub-
seabed strata that give an acoustic impedance contrast resulting from increased density and/or

velocity.

Acoustic energy is released by a piezoelectric or electromechanical transducer, sparker, airgun, etc.

The following types of seismic source or sub-bottom profiler are available:

- echo sounder; - boomer;
- pinger; - sparker;
- chirper; - airgun.
- parametric;

Hydrophones

L}

source

Seismic
W\ reflection
\ A Y Echo
sounding

Y

|

Seafloor
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Fig. A2. Schematic diagram of Seismic reflection survey

The order in which these are given corresponds loosely to progressively increasing acoustic

energy output. These sources are attached to, or towed astern of, the survey vessel.

The reflected energy signal is detected by the transducer or by a hydrophone array towed astern of

the vessel and subsequently digitized.

The sub-seabed is presented graphically as a deep echo sounding or geophysical time section

with some seismic reflectors identifiable as geological strata.

The main advantages of the method are the speed of data recovery and the real-time presentation

of data as a section.

For this reason, it is necessary to appreciate the relations between acoustic energy, signal

frequency, resolution and penetration to select the optimum equipment for the site.

Higher frequencies are attenuated with depth so that penetration is achieved only with lower
frequencies. However, the lower the frequency, the lower the vertical resolution. The coarser the
sub-seabed materials, the greater the energy absorption and the lesser the penetration (see Table
A1)

Sea conditions, especially waves, have an appreciable effect on record quality. When the
transducer is towed below the surface the effect of waves is much reduced, although snatching
and heaving from an unstable survey vessel reduce record quality to below acceptable levels.

Swell compensators can be used to extend the working conditions for surface-towed equipment.

Standard for using the Seismic refraction Method for Subsurface Investigation refer to ASTM
D6429, D7128.

Table A.1 Indicative penetration depths for a range of soils.

Typical Indicative penetration below seabed
o operating

Seismic source Gravel Medium

frequency Silt (m)

range kHz (m) sand (m)
Sparker 0.1to2 <15 15 to 50 75 to 100+
Boomer 1to4 <5 5to0 20 30to 100
Parametric echo sounder 4t010 <1 <5 5t0 30
Pinger 41015 <1 <5 510 30
Chirp 3to20 <2 <10 5t0 50
NOTE:
There are many variables that affect the effective sub-seabed penetration that can be achieved with a sub-bottom
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profiler system, such as masking by gas or multiple reflections.

The values given in the table above are therefore to be treated as indicative only.

ANNEX B
(informative)

DREDGERS AND PRELIMINARY GUIDANCE ON THE SELECTION OF DREDGERS

This part aims to introduce the classsification, characteristics and operating conditions of domestic
dredgers as well as some foreign dredgers and provide preliminary guidance on the selection of

dredging equipment to serve in the design phase. The contents of this Annex including:
B1 Dredger classification
B2. Characteristics and operation condition of dredgers
B2.1 Trailing suction hopper dredger (TSHD)
B2.2 Cutter suction dredger (CSD)
B2.3 Grab pontoon dredger (GD)
B2.4 Backhoe dredger
B2.5 (Plain) Suction Dredger — without cutter
B2.6 Bucket chain dredger
B2.7 Rock dredging equipment
B2.8 Grab hopper dredger
B2.9 Water Injection dredger (WID)
B2.10 Bucket wheel dredger
B2.11 Dipper dredger
B2.12 Air-lift dredgers
B3 Preliminary selection of main dredger
B3.1 Maintenance dredging
B3.2 Capital dredging

B3.3 Rock dredging

74



(Draft)

B.1 Dredger classification

B.1.1 The common types of dredging equipment are mainly divided into two basic types: hydraulic

dredging equipment and mechanical dredging equipment.

1)  Hydraulic dredging equipment includes such types as: trailing suction hopper dredger (both

self-propelled and non-self propelled), cutter suction dredgers.

2)  Mechanical dredging equipment includes such types as: grab pontoon dredger “xang cap”
(wire bucket excavators mounted on barges), grab hopper dredger, bucket wheel dredger, backhoe

dredgers (excavators with backhoe bucket mounted on barges).
B.2 Characteristics and operating conditions of dredgers
B.2.1 Trailing suction hopper dredger (TSHD)

B.2.1.1 The trailing suction hopper dredger illustrated in Figure B-1 is a ship that is suited to river,
coastal or deep-sea navigation, and that has the ability to load its own hold, normally called a
hopper, by means of a centrifugal pump(s). Loading takes place with the ship under way.
Discharge is by means of a bottom dumping arrangement or by pump discharge to shore for

reclamation.

B.2.1.2 The trailing suction hopper dredger is usually rated according to its maximum hopper
capacity, which can range from 750 m?3 to over 45 000 m3. The full-load draft of a dredger, which is
proportional to the hopper capacity, generally ranges from about 6 to 16 m. Its navigation speed

when fully loaded is about 12 to 18 knots.

B.2.1.3 The intake end of the suction pipe is fitted with a “draghead” designed to maximize the
concentration of solids entrained from the seabed. The bearing pressure of the draghead on the
seabed is usually controlled by an adjustable pressure-compensating system, which acts between
the draghead and the hoisting winch. This system also serves to alleviate the effects of vertical

movement of the ship relative to the seabed due to waves or swell.

B.2.1.4 Since trailing suction hopper dredgers conduct dredging without anchors, position
management of the dredger is extremely important. Dredgers are always affected by wind, tides
and waves, so they are equipped with a positioning system and automatic navigation system that

use advanced GPS systems. In addition, special electronic engineers are always onboard.
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Figure B-1. Modern trailing suction hopper dredger (TSHD)

B.2.1.5 The particular advantages and disadvantages of the trailing suction hopper dredger that

should be taken into account are:

1) advantages:

a) straightforward mobilization procedure;

b)  minimal effect on other shipping when working in areas of shipping movement;
) independence of operation;

d) relative immunity to adverse weather and sea conditions;

e) relatively high rate of production;

f) ability to remove thin layers of material over large areas efficiently;

g) ability to transport dredged material over long distances;

2) disadvantages:

a) inability to work in areas of very restricted navigation, and shallow depth;

b)  depth of dredging limited by length of suction pipe;

c) sensitivity to presence of debris and foreign matter;

d) tendency to dilute fine materials severely during the loading process, bulking the volume of
material contained in the hopper or for subsequent placement;

e) limited ability to dredge materials with significant inherent strength;

f) requirement for pre-treatment to facilitate dredging of material with significant inherent
strength;

g) efficiency reduction in areas where suspended sediment release has to be limited for

environmental reasons.
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B.2.1.6 A TSHD with hopper capacity 10,000 to 20,000 m? are often chosen to be used because of
their suitability to a wide range scale of work, the water depth in the work area, and the transport

distance.

B.2.1.7 To achieve optimum performance, the draghead should be selected according to the type

of material to be dredged and the dredger being used.

B.2.1.8 The plant selected should make due allowance for dredged material that is very cohesive
or contains large solids, as this cannot only be difficult to dredge but can also be difficult to

discharge, forming blockages at the hopper’s bottom doors or valves and adjacent structure.

B.2.1.9 When the objective of the work is to reclaim land, the spoil should where practicable be
pumped directly from the hopper into the reclamation area, but may alternatively be bottom-

discharged to a temporary surge pit for subsequent re-handling by other equipment.

B.2.1.10 When pump through very long pipelines, it is necessary to consider the use of an

additional intermediate booster pump to increase the thrust pump pressure.
B.2.2 Cutter suction dredger (CSD)

B.2.2.1 A cutter suction dredger can be self-propelled but is more commonly dumb (non-self-
propelled). Dredging usually takes place with the dredger located by spuds and swung using long
anchor wires. The cutter head provides a powerful cutting action with suction pumping to discharge
the dredged material, usually via pipeline, onto the seabed, re-handling pit, deposition area,

onshore placement area, or land reclamation and into barges.

B.2.2.2 The cutter suction dredger (CSD) is normally rated according to either the diameter of the
discharge pipe, which can range from 150 mm to 1200 mm, or by the cutter head driving power,
which can range from 50 kW to over 7000 kW, or in the case of very large dredgers by the total

installed power.
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& Cutter service platform

Figure B-2. Modern large cutter suction dredger fitted with submerged ladder pump and

spud carriage

B.2.2.3 The cutter head, which can be electrically or hydraulically driven, encloses the suction
intake of a centrifugal dredge pump. The cutter head is mounted at the extremity of a fabricated
steel structure, termed the “ladder”, which also supports the suction pipe. The ladder is attached to
the main hull by heavy hinges, which permit rotation in the vertical plane. The ladder assembly is
lowered and raised by means of a hoisting winch (or occasionally hydraulic cylinders) controlled
from the bridge.

B.2.2.4 The main pontoon structure contains the dredge pump(s), the main engines and all
ancillary engines, drives and equipment. An underwater pump may also be included mounted

within the ladder construction.

B.2.2.5 The particular advantages and disadvantages of the cutter suction dredger that should be

taken into account are:

1) Advantages:

a) relatively high rate of production;
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b)  operation in relatively shallow water;

c) ability to dredge a very wide range of material, including weak to moderately strong rock,
subject to rock strength and quality;

d) ability to convey by pumping the dredged material, with water, directly to the placement or
reclamation area;

e) ability to produce a fairly uniform accurate level bottom;

f) ability to deliver dredged material pumped directly from the cutter suction dredgers to a
trailing suction dredger or barge in environmentally sensitive locations where overflow is prohibited

(although the resultant productivity is low);

2) Disadvantages:

a) mobilization impacted by sensitivity to sea conditions;

b)  obstructs shipping when working in areas of shipping movement;

c) dredging depth is limited by length of ladder;

d) anchor spread can pose a navigation hazard;

e) requires frequent anchor movements;

f) operation relies on anchor booms, or anchor handling tugs and support vessels;

g) sensitivity to presence of debris and foreign matter;

h) inability to efficiently dredge thin layers over large areas;

i) requirement for pre-treatment to facilitate dredging of materials with significant inherent
strength;

) tendency to dilute fine materials severely during the dredging process leading to bulking of

materials for placement.
B.2.2.6 Pipelines

B.2.2.6.1 The most flexible pipeline construction is of reinforced rubber or mixes steel and rubber

pipeline lengths.

B.2.2.6.2 Sinker pipelines are less susceptible to weather, tidal and current action and, because
flotation jackets are not required, are significantly cheaper than floating pipeline sections. Similar to
floating pipelines, their strength (and wall thickness) are very important. Sinker pipelines typically
have a greater wall thickness than onshore pipeline. Unlike onshore and floating pipelines, which

are normally bolted together, sinker pipelines are usually welded constructions.

B.2.2.6.3 Pipelines should be selected to ensure both the performance and the operational
efficiency of the cutter suction dredger, taking into account the diameter of the pipeline which has a

direct bearing on the efficiency of the hydrotransport process.

B.2.2.6.4 Pipelines fall into the following three categories:
a) Onshore pipelines. Onshore pipelines are most commonly steel with bolted flange connection

with a compressible gasket between flanges, which should provide a watertight seal. When there
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are significant changes in elevation along the pipeline route, air valves (“snifters”) should be fitted
to allow the escape of trapped air, which can otherwise restrict performance, and to avoid the
creation of an excessive vacuum, which can damage the pipe.

b) Floating pipelines. The strength of the pipe should be sufficient to resist high internal pressures
and bending stresses. This is usually achieved by a fully flexible self-floating pipeline or a mixture
of rigid steel pipe connected by sections of flexible pipe or steel ball joints.

c) Sinker pipelines. Sinker pipelines should be adopted where needed to connect sections of
floating and onshore pipeline, and where the pipes have to be laid on the seabed (as is often

required to minimize navigation impacts).

B.2.2.6.5 Pipelines can terminate with either a free discharge or other hydraulic control mechanism
such as a diffuser which is added to the pipeline outfall to reduce the discharge velocity and to

spread the flow, reducing erosion and ensuring a more uniform placing of material.
B.2.2.7 Anchors

B.2.2.7.1 The choice of anchors to be used with a cutter suction dredger should be based on the

ground conditions at the work site.

B.2.2.7.2 When the seabed is hard, the need to use some type of gravity anchor, which relies on

mass and friction to resist the winch pull, should be assessed.
B.2.2.8 Cutter heads

B.2.2.8.1 Most of the cutter heads in common use are of the “crown” type. The main body of the
cutter head is formed in a cast steel alloy. The types of cutter are as follows.

a) Plain bladed cutters. Plain bladed cutters are used only in weak materials, such as silts,
sands and clays. Blade edges are normally replaceable. The number of blades is selected
according to the intended application.

b) Serrated blade cutters. Serrated blade cutters are primarily for use in materials such as
medium to stiff clays, medium dense sands or occasionally in very soft or heavily weathered rocks.
Blade edges can be replaced when worn.

c) Rock cutters (see Figure B-3). Rock cutters are of heavy construction with a generous blade
section. The blades incorporate integral sockets for the mounting of a variety of types of
replaceable teeth. The shape of the blades is designed to maintain the maximum number of teeth
in contact with the face regardless of dredging depth. The teeth can range from a chisel form for
stiff clay and very weak rocks to a pick point form for the dredging of weak to moderately strong
rocks. The teeth are made from a highly wear-resistant alloy steel and are usually attached by
means of a single sprung pin, or bolt, which reduces the time needed to change a tooth to a few

minutes.

B.2.2.8.2 Cutterheads should be selected to have suitable characteristics for their intended
purpose.
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Figure B-3. Rock cutters
B.2.3 Grab pontoon dredger (GD)

B.2.3.1 The dredging equipment of the grab pontoon dredger (see Figure B-4) is essentially the
same as that of the grab hopper dredger, but the maximum capacity of the grab bucket and crane
can be significantly greater. The dredger loads into independent hopper barges. This permits an

uninterrupted dredging operation with the result that higher overall rates of production are possible

B.2.3.2 The grab pontoon dredger is normally rated according to the maximum capacity of grab

(bucket capacity) that can be handled.

Key

1 Accommodation
2 Crane

3 Spare grab

4 Grab bucket

5 Moorings
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Figure B-4. Large grab pontoon dredger with all winch mooring system

B.2.3.3 The particular advantages and disadvantages of the grab pontoon dredger that should be

taken into account are:

1) advantages:

a) capable of operation in relatively shallow water;

b)  depth of operation of the grab is only limited by the wire length, allowing dredging to greater
depths than other dredgers of comparable size;

c) rubbish and debris can be handled with relative ease;

d) potentially difficult rubbish and debris can be separated and stowed on deck for subsequent
disposal onshore;

e) loads dredged material with minimal disturbance or dilution;

f) barge can be largely filled with solids, with low bulking;

g) can be operated to limit the release of suspended sediments in environmentally sensitive

areas;

2) disadvantages:

a) mobilization impacted by sensitivity to sea conditions;

b) relative sensitivity to adverse weather and sea conditions;

c)  obstructs shipping when working in areas of shipping movement;

d) anchor spread can pose a navigation hazard;

e) requires frequent anchor movements;

f) operation relies on anchor handling tugs and support vessels;

g) relatively low rate of production compared with most other types of dredger;

h)  results depend on operator skill;

i) difficulty of achieving a complete and overlapping coverage of the bottom, particularly in
deep water or where the strength of current is significant;

j) inability to efficiently dredge thin layers over large areas;

k)  difficulty of producing an accurate and level bottom finish;

) requirement for pre-treatment to facilitate dredging of material with significant inherent
strength;

m) efficiency reduction in areas where suspended sediment release has to be limited for

environmental reasons.
B.2.4 Backhoe dredger

B.2.4.1 The backhoe dredger is a stationary tool, have a dedicated dredging machine is mounted
on a fabricated pedestal located at one extremity of a spud-rigged pontoon, anchored by three
spuds: two fixed spuds at the front (starboard and portside) and a moveable spud at the back of

the pontoon.
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B.2.4.2 The backhoe dredger is normally rated according to the maximum size of digging bucket
that the machine can handle, up to 40 m? for the largest dredgers. The size of bucket employed
should be set depending upon the nature of the material to be dredged and the maximum dredging

depth. Maximum dredging depth can range from 4 m to approximately 30 m.

B.2.4.3 Backhoe dredger are used in soil types like firm clay, soft rock, pre-treatment rock. The
length of the stick and the boom determines the dredging depth. Some backhoes have more than

one bucket to be able to dredge well at several depths.
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Figure B-5. Hydraulic backhoe dredger

B.2.4.4 Backhoe dredger are especially suitable for accurate dredge work, due to the construction

of the stick and the boom.

B.2.4.5 Backhoe dredger cannot be used under offshore conditions, due to the limited pontoon
width.

B.2.4.6 The filling degree of the bucket depend on the type of dredging soil, as in Table B.1.

Table B.1 - The filling degree of the bucket

Soil type Filling degree Bulking factor
Soft clay 1.5 1.1

Hard clay 1.1 1.3
Sand & Gravel 1 1.05
Rock; well blasted 0.7 1.5
Rock, unblasted 0.5 1.7
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B.2.4.7 The particular advantages and disadvantages of the backhoe dredger that should be taken

into account are:

1) advantages:

a) ability to work in areas of very restricted navigation;

b)  can operate close to quay walls and structures;

c) reasonable rate of production;

d) operation in relatively shallow water;

e) ability to dredge a wide range of materials, including those that contain debris;

f) ability of larger machines to dredge boulders, stiff clays and weak, weathered or fractured
rocks, provided that the maximum required dredging depth is not excessive;

g) relatively accurate final dredged profile;

h)  ability to produce a fairly uniform level bottom;

i) limited bulking of dredged material;

i) dredged material retains more in-situ strength characteristics;

k) can operate with a closed bucket to limit the release of suspended sediments in

environmentally sensitive areas;

2) disadvantages:

a) mobilization impacted by sensitivity to sea conditions;

b) relative sensitivity to adverse weather and sea conditions;

c) sufficient size and stability required in locations with significant waves or swell;

d) low rate of production when compared with dredgers with relatively continuous dredging
process (i.e. cutter suction and bucket dredgers);

e) dredging depth is limited by length of boom and arm;

f) considerable dependence on the skill of the operator;

g) limited efficiently dredged thin layers over large areas;

h)  requirement for pre-treatment to facilitate dredging of hard materials with significant inherent

strength.
B.2.5 (Plain) Suction Dredger — without cutter

B.2.5.1 The Plain suction dredger is a suction dredger that usually discharges through a short
floating pipeline or into barges. In many respects it is similar to the cutter suction dredger, and the
most significant difference is the design of the suction head, which has no mechanical cutting
action but relies instead on an array of water jets to loosen and fluidize the bed deposits (see
Figure B-6).
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Figure B-6. (Plain) Suction Dredger

B.2.5.2 In normal operation the dredged material is discharged via a pipeline into deeper or rapidly

flowing water a few hundred metres from the dredging area.

B.2.5.3 Plain suction dredgers are only used to extract non-cohesive material and less suitable for
accurate work such as the making of specified profiles. Plain suction dredgers are very suitable for

the extraction of sand.

B.2.5.4 If the dredger is equipped with an underwater pump, it is possible to dredge at depths
exceeding 80m. Depending on the pumping capacity, it is possible to transport material over

considerable distances via hydraulic pipelines.

B.2.5.5 Plain suction dredgers are often demountable they can also be used in excavation pits
which are not on navigable waterways,, and usually unsuitable for dredging in open waters (unless

specially adapted).

B.2.5.6 The particular advantages and disadvantages of the Plain suction dredgers that should be
taken into account are:

1)  Advantages (distinct from CSD):

a) ability to remove thin deposits of granular and detritus material from relatively large areas;

b)  suitable for the relocation of material forming shoals to nearby deeper areas;

c) special Plain suction dredgers able to produce accurately a plane level surface to the seabed

for the founding of precast structures;
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2) Disadvantages (distinct from CSD):
a) efficient operation limited to the dredging of recent unconsolidated deposits;
b)  can resulting in bulking of dredged deposits;

c) accurate dredging in plan is limited due to anchor wire slack.
B.2.6 Bucket chain dredger

B.2.6.1 A bucket dredger is a stationary dredger that is equipped with a continuous chain of
buckets, which are carried through a structure, the ladder. This ladder is mounted in a U-shaped

pontoon.

B.2.6.2 The drive of the bucket chain is on the upper side. The bucket dredger is anchored on six
anchors. During dredging, the dredger swings round the bow anchor by taking in or paying out the
winches on board. The buckets, which are filled on the underside, are emptied on the upper side
by tipping their contents into a chute along which the dredged material can slide into the barges

moored alongside.

B.2.6.3 The chain is driven by the so-called upper tumbler at top of ladder frame, which is

connected either via a belt to the diesel or directly to an electro motor or hydro-motor.

Fig. B-7. Bucket chain dredger

B.2.6.4 The capacity of a bucket chain dredger is expressed in terms of the content of the buckets.
The capacity of a bucket can vary between 50 and 1200 litres. Rock bucket chain dredgers often

have a double set of buckets, the small rock buckets and the large mud buckets.

B.2.6.5 Bucket dredgers are only used in new or maintenance dredging projects when the initial
depth of the area to be dredged is too shallow for trailing suction hopper dredgers and the

distances involved are too long for hydraulic transport.

B.2.6.6 When dredging for construction materials such as sand and gravel, or for minerals such as

gold and tin ores, bucket dredgers are still frequently used.
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B.2.6.7 Bucket chain dredgers have largely been superseded by cutter suction dredgers.

B.2.6.8 The particular advantages and disadvantages of the bucket chain dredger that should be

taken into account are:

1) advantages:

a) capable of operation in relatively shallow water;

b) capable of dredging relatively hard materials, including weak rock, subject to rock strength
and quality;

c) loads dredged material with low disturbance or dilution;

d) barges can be largely filled with solids, with low bulking;

e) can prepare relatively level bed;

2) disadvantages:

a) mobilization impacted by sensitivity to sea conditions;

b) relative sensitivity to adverse weather and sea conditions;

c)  obstructs shipping when working in areas of shipping movement;

d) anchor spread can pose a navigation hazard;

e) requires frequent anchor movements;

f) operation relies on anchor handling tugs and support vessels;

g) depth of operation is limited by depth of ladder;

h) low efficiency when required to remove only a small depth of material;

i) possible failure of the buckets to discharge properly in certain cohesive materials, which tend
to be sticky;

i) requirement for pre-treatment to facilitate dredging of hard materials with significant inherent
strength;

k) noise levels that are higher than those generated by other dredgers.
B.2.7 Rock Dredging equipment

B.2.7.1 Direct rock dredging is possible only with very rugged and powerful dredgers. Some rock

can be dredged directly; others can require pre-treatment (see Clause 7.3.5).

B.2.7.2 Rock that can be dredged without pre-treatment can best be dredged by large cutter
suction dredgers (see B.2.2), backhoe dredgers (see B.2.4), dipper dredgers (see B.2.11) or
bucket wheel dredgers (see B.2.10).

B.2.7.3 If the area of dredging is continuously exposed to moderate or heavy wave attack, the use
of stationary dredgers other than grab dredgers can be impractical. A large trailing suction hopper
dredger (see B.2.1) fitted with rippers in the draghead can be used in some circumstances if the
rock is very weak (<5 MPa) and weathered (RQD <70%).

B.2.7.4 The sedimentary rocks and corals can be dredged directly, igneous or metamorphic rocks

can be pre-treated before dredging.
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B.2.7.5 The following rock characteristics should be taken into account when select dredger:
a) Thickness of rock layer.

b)  Weathering degree.

c) Jointing and fracture planes.

d)  Rock strength.

B.2.8 Grab hopper dredger

B.2.8.1 As in the case of the trailing suction hopper dredger, the grab hopper dredger is a ship, but
it is loaded by means of deck-mounted grab cranes, or backhoe excavator, rather than by suction

pumps.

B.2.8.2 Loading takes place with the dredger stationary at anchor and the number of loading
cranes does not normally exceed four. The hopper capacity is normally modest and capacities in

excess of 1500 m3 are uncommon.

B.2.8.3 The method of discharge is invariably via bottom-opening doors.

Key
Grab crane

Stern mooring winch

1
2
3 Forward mooring winches
4

Hopper

Figure B-8. Small self-propelled grab hopper dredger with single crane

B.2.8.4 The particular advantages and disadvantages of the grab hopper dredger that should be

taking into account are:

1) advantages:

a) straightforward mobilization procedure;
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b)  minimal effect on other shipping when working in areas of shipping movement;

c) relative immunity to adverse weather and sea conditions;

d) well suited to the dredging of confined areas, such as alongside quays, in dock entrances
and around;

e) depth of operation of the grab is only limited by the wire capacity of the hoisting winch drum,
allowing dredge to depths not possible with other dredgers of comparable size;

f) rubbish and debris can be handled with relative ease;

g) potentially difficult rubbish and debris can be separated and stowed on deck for subsequent
disposal onshore;

h) loads dredged material with minimal disturbance or dilution;

i) hopper can be largely filled with solids, with low bulking;

j) ability to transport dredged material over long distances;

k) can be operated to limit the release of suspended sediments in environmentally sensitive

areas;

2) disadvantages:

a) certain types of debris, such as ropes, hawsers and chains, can obstruct bottom door closure
after discharge of spoil;

b)  anchor wires can be a hazard to other navigation;

c) relatively low rate of production compared with most other types of dredger;

d) difficulty of producing an accurate and level bottom finish;

e) requirement for pre-treatment to facilitate dredging of material with significant inherent
strength;

f) efficiency reduction in areas where suspended sediment release has to be limited for

environmental reasons.
B.2.9 Water injection dredger (WID)

B.2.9.1 WID can be appropriate for removal of fine sediment and recent mud deposits. The
technique involves the injection of water, in high volume but low pressure, into the top layers of

sediment deposit in order to fluidize these and to create a density flow.

B.2.9.2 Water injection dredger is commonly used on rivers, lakes, sea, dredging alluvium, ports...
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Figure B-9. Water injection dredging (WID)

B.2.9.3 WID vessels are equipped with a central pipe or a U-pipe fixed to a horizontal jet bar that is
orientated perpendicular to the direction of motion. The jet bar is fed by one or two low pressure jet
pumps and can be lowered with a winch to the seabed. The jet bar contains an array of nozzles
over the whole length of the bar to spread the water evenly into the top soil layer. The low-pressure
jet pumps supply the high volume of water that is required to break the cohesion of the soil and to
dilute the soil into a fluidized soil layer. WID vessels are capable of dredging fine sediments in

water depths of up to 30 m. Sailing speeds during a WID operation are usually low (1 to 2 knots).

B.2.9.4 The particular advantages and disadvantages of the WID dredger that should be taken into

account are:

1) advantages:

a) ability to work in areas of very restricted navigation;
b)  operation in relatively shallow water;

c) independent operation if self-propelled;

d) relatively high rate of production;

e) ability to move fine sediment (typically <100 ym), assisted by mainly natural forces;
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f) ability to produce a fairly uniform level bottom;

g) controlled release of suspended sediments in environmentally sensitive areas;

2) disadvantages:

a) relative sensitivity to adverse weather and sea conditions;
b)  dredging depth is limited by reach of injection arm;

c) not usually suitable for dredging coarse sand or gravel;
d) sensitivity to presence of debris and foreign matter;

e) not suitable for dredging of materials with inherent strength;
B.2.10 The bucket wheel dredger

B.2.10.1 The bucket wheel dredger is comparable with the cutter suction dredger, with a rotation
axe of the bucket wheel is perpendicular with the ship axe. The wheel contains 10 — 14 open or

closed buckets.

B.2.10.2 The bucket wheel dredger can dredging output in both directions of swing, and the almost
complete absence of blockage ensure high production. Optimum mixture density, low spillage and

low sensitivity to debris such as rocks and tree stumps.

B.2.10.3 The bucket wheel dredger can be used for different soil types, from peat and clay to sand
and soft rock. The buckets can be fitted with either smooth cutting edges or replaceable teeth of
the pick point, chisel point or flared point variety. These replaceable teeth are the same as those

used on cutter heads.

B.2.10.4 Depending on the power required, the drive mechanism can consist of one single
hydraulic motor mounted in a steel housing or can be a gearbox with several hydraulic drives. Main
structure of dredging wheel consists of a hub and a ring connected by bottomless buckets which
excavate the soil. The scraper of the suction mouth penetrates into the bottomless buckets, and
guides the mixture flow towards the suction opening, which is in direct contact with the buckets,
and prevents clogging of the buckets. As the buckets, suction mouth and scraper are oriented in

the same plane, the mixture flow is very smooth.
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Fig. B-10. The bucket wheel dredger (left) and bucket wheel (right)

B.2.11 Dipper dredger

B.2.11.1 The traditional dipper dredger is a heavily constructed, rope-operated machine, that has

to a limited extent been replaced by the hydraulic face shovel and backhoe dredgers.

B.2.11.2 Production rates are dependent on the type of material being dredged and the size of the

dipper bucket which can be quite large, the largest being about 15m? and the dredging cycles are
variable but reasonable.

B.2.11.3 The dipper dredger is most effective in tight spots, that is, near bridges, docks, wharves,
pipelines, piers and breakwaters because the dredger does not require a great deal of space to
manoeuvre. Since the dredging process can be very well directed and accurate, the risk of
damaging structures is minimal.
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Fig. B-11. The diffirent between backhoe dredger (left) and dipper dredger (right)

B.2.11.4 The particular advantages and disadvantages of the dipper dredgers that should be taken
into account are:

1) advantages:
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a) where forming a dredged face is beneficial;
b) to dredge access for the dredger into shallow water;
¢) in stratified hard material, where the lifting action can break up material that an equivalent

backhoe cannot dredge.
2) disadvantages:

a) a dipper dredger can cause substantial sediment disturbance and resuspension when
dredging fine-grained material;

b) a significant loss of the fine-grained material will occur from the bucket during the hoisting
proces;

c) limited on the dredging depths that can be achieved.
B.2.12 Air-lift dredgers

B.2.12.1 The air-lift dredger achieves flow in a pipe by the injection of compressed air at the
submerged extremity of the pipe. The entrained air results in a reduction in the density of the
air/water mixture within the pipe and an upward flow is induced. Fine loose soils, including silts and

fine sands, can be eroded and carried in suspension by the inflowing water.
B.2.12.2 The system works best when removing fine materials in deep water.

B.2.12.3 The particular advantages and disadvantages of the air lift dredger that should be taken

into account are:

1) advantages:

a) can be assembled from readily available components;

b)  suitable for removal of fine silts, and sands;

c) small dredging assembly can be light in mass, to suit use by divers for local excavation;

d) useful as a simple underwater cleaner for the clearance of sediment from around wrecks or

structures and for the cleaning of submerged foundations;

2) disadvantages:

a) operation not efficient in shallow water;

b)  low production rates;

c) discharge local to dredging location;

d) limited to the dredging of recent unconsolidated deposits;

e) can resulting in bulking of dredged deposits.
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Figure B-12. lllustration of air lift principle

B.3 Preliminary selection of main dredger
B.3.1 Maintenance dredging

B.3.1.1 Maintenance dredging is usually the removal of newly deposited fine sand. Therefore, the
vessel capacity does not need to be very powerful or heavily designed. If the distance to the
dumping area is long, the maximum speed of the barge or dredger will be important. Abdominal
suction vessels have an advantage if the compartment is specifically designed for the storage and

transport of fine materials.

B.3.1.2 For periodic maintenance dredging, where the dredged volume range for each individual
batch represents the annual maintenance dredging requirement, the use of light tugs may be most

appropriate.
B.3.2 Capital dredging

B.3.2.1 In many cases, capital dredging consists of dredging of different materials.
Unexpectedness will be reduced if the soil is thoroughly investigated. Job requirements can also
vary greatly. Therefore, what is important is the versatility of the vehicle to handle different ground

conditions and the ability to work in different modes, e.g. different methods of dumping.

B.3.2.2 Dredger used in capital dredging are essentially stronger in construction and more powerful

than similar types designed for maintenance dredging.
B.3.3 Rock dredging

B.3.3.1 Direct dredging can only be done by very powerful machines with very large capacity.

Some type of rocks can be dredged directly, others need to pre-treated (see Clause 6).
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B.3.3.2 Direct dredging should use the heavy cutter suction dredger, dipper dredger, backhoe

dredger, wheel bucket dredger. Sometimes very large grabbers mounted on pontoon are used.

B.3.3.3 In the area with continuously medium or large waves, grab-type dredges should be used

instead of stationary dredgers. Cutter suction dredger with rock cutters head is used in some cases

if the rock is very weak and heavily weathered.

B.3.4 Preliminary selection of main dredger in specific conditions should take into account the

following factors:

B.3.4.1 Pre-treatment dredging can be selected based on the degree of rock fragmentation,

fragmentation factor, and quantity of rock, refer Table B.2.

B.3.4.2 Typical working vertical and horizontal accuracy for dredging plant under various site

conditions, preliminary can refer Table B.3 and Table B.4.

Table B.2 - Recommendations of equipment commonly used for dredging pre-treatment

rock
Type of Dredger Requirement of fragmentation Fragmentation
factor

Cutter suction dredger 1,10-1,15

- diameter pipe: 750 mm Dos < 200mm. the smaller the better for pumping.

- diameter pipe: 800 mm Dgs < 250mm, large pieces are unacceptable

Grab potoon: 0.65 m? Dos < 600mm, if separate large rock fragments 1,10-1,20
through the mud well are also acceptable

Dipper or backhoe dredger 4 | Des < 700mm, based on bucket size and 1,10-1,20

m?3 performance, large pieces of rock can be dredged

Bucket back 3 m? Dgs < 500m, based on bucket size and performance, 1,10-1,20
large pieces of rock can be dredged

Backhoe dredger 5 m3 Des < 500m, sometimes relatively large stones can 1,20-1.30
be dug

Trailing suction with diameter | Dgs < 200mm, the bigger the stones are, the more 1.25-1.40

pipe 900mm

likely you will be scratched.

NOTE:

1) Degree of fragmentation using Dgs to represent.

2) Fragmentation factor is the ratio of the volume of rock after and before fragmentation.

3) Type of dredger and diameter pipe are variable, but operation with smaller sizes can be difficult.
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Table B.3 - Typical working vertical accuracy for dredging plant under various site

conditions (reference when selecting dredging equipment)

Light

. Stanfi:ar trailing Cutttler Bucke | Grab Grab Bucket | Backho .

Site d trailing . suction Dippe
" . suction t hoppe | pontoo | dredge | e
conditions | suction dredge r
dredge wheel |r n r dredger
dredger r r

Bed
material
Loose silt 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.15 0.20
Cohesive 0.30 0.30 0.15 0.15 0.25 0.25 0.15 0.15 0.15
silt
Fine sand 0.20 0.20 0.15 0.15 0.20 0.20 0.15 0.15 0.15
Medium 0.20 0.20 0.15 0.15 0.20 0.20 0.15 0.15 0.15
sand
Gravel 0.20 0.20 0.15 0.15 0.20 0.20 0.15 0.15 0.15
Soft clay 0.25 0.25 0.15 0.15 0.25 0.25 0.15 0.15 0.15
Medium 0.30 0.30 0.15 0.15 0.30 0.30 0.15 0.15 0.15
clay
Stiff clay 0.25 0.25 0.15 0.15 0.25 0.25 0.20 0.20 0.20
Very weak | 0.30 N 0.30 0.25 N 0.30 0.30 0.35 0.30
rock
Weak rock N 0.30 0.25 0.35 0.30 0.35 0.30
Moderately 0.30 N N N 0.35 0.35
weakrock
Pretreated 0.35 N 0.35 0.35 0.35 0.35 0.35 0.35 0.38
rock
Adjustment | - - - - - - - - -
s for site
and sea
conditions
Sheltered - - - - - - - - -
water
Small plant | 0.13 0.15 0.15 0.15 0.18 0.18 0.10 0.10 0.10
Medium 0.10 0.15 0.13 0.13 0.15 0.15 0.10 0.10 0.10
plant
Large plant | 0.08 0.15 0.10 0.10 0.15 0.15 0.08 0.08 -
Exposed - - - - - - - - -
water
Small plant | 0.30 0.35 N N 0.50 N N N N
Medium 0.25 0.35 0.35 0.35 0.40 0.40 0.35 0.30 0.30
plant
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Large plant | 0.20 0.35 0.30 0.30 0.35 0.30 0.30 0.25 0.25
Currents - - - - - - - - -
Moderate - - - - 0.10 0.10 - - -
(0.5 m/s)

Strong (1.0 | 0.10 0.10 0.05 - 0.20 0.20 0.10 - -
m/s)

(1) N = Not appropriate. Na = Not usually appropriate.

Notes:

1: Accuracies are plus or minus.

2: Sea and current condition adjustments should be added to “bed material” figures.

3: None of the figures are absolute limits, but are reasonable expectations on most work. Difficulties might

arise where lower limits are specified.
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Table B.4 - Typical horizontal accuracy for dredging plant under various site conditions

(Reference when selecting dredging equipment)

Site

Light

conditions Stanfi:ar trailing Cutttler Bucke | Grab Grab Bucket | Backho .
d trailing . suction Dippe
. suction t hoppe | pontoo | dredge | e
suction dredge r
dredge wheel |r n r dredger
dredger r r
m m m m m m m m m
Bed
material
Loose silt 2.5 2 0.5 0.5 0.5 0.5 0.5 0.25 0.5
Cohesive 25 25 0.5 0.5 0.5 0.5 0.5 0.25 0.5
silt
Fine sand 2.5 2 0.5 0.5 0.5 0.5 0.5 0.25 0.5
Medium 25 2 0.5 0.5 0.5 0.5 0.5 0.25 0.5
sand
Gravel 25 2 0.5 0.5 0.5 0.5 0.5 0.25 0.5
Soft clay 25 25 0.5 0.5 0.7 0.7 0.5 0.25 0.5
Medium 2.5 2.5 0.5 0.5 0.7 0.7 0.5 0.25 0.5
clay
Stiff clay 25 25 0.5 0.5 0.7 0.5 0.5 0.25 0.5
Very weak | 2.5 N 0.5 0.5 N 0.7 0.7 0.7 0.7
rock
Weak rock N 0.5 0.5 N 0.8 0.6 0.6 0.6
Moderately | N N 0.6 0.6 N N 0.7 0.8 0.7
weakrock
Pretreated 2.5 N 1 0.8 1 1 1 0.7 0.8
rock
Adjustment
s for site
conditions
and Sea
conditions
Sheltered
water
Small plant | 0.5 0.7 0.7 0.7 1 0.7 0.7 0.4 0.4
Medium 0.5 0.7 0.5 0.5 1 0.5 0.7 0.35 0.35
plant
Large plant | 0.5 0.7 0.5 0.5 1 0.5 0.7 0.3 0.3
Exposed
water
Small plant | 2 2.5 N N 2 N N N N
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Medium
plant

1.75

25

1.75

1.5

1.5

0.7

Large plant

1.5

25

1.75

1.5

1.5

0.7

0.7

Currents

Moderate
(0.5 m/s)

1.5

0.5

0.5

1.5

0.2

0.3

Strong (1.0
m/s)

2.5

1.5

1.8

0.7

0.7

Notes:

1) Accuracies are plus or minus.
2) Site condition adjustments should be added to minimum “Bed material” figures.

3) None of the figures are absolute limits, but difficulties may arise where lower limits are specified.

N *= Not usually appropriate

99




ANNEX C

(Draft)

(informative)

CLASSIFICATION OF SOILS AND ROCKS FOR DREDGING AND RECLAMATION

CA

additional materials and contaminated sediments.

Dredged material can be classification into 4 groups, including: soil materials, rock materials,

C.2 Classification of dredged soil and rock can be classified according to the physical

characteristics of soil and rock (refer to Tab. C1); classified according to the hardness of soil and

rock (refer to Tab. C2) and classified according to the degree of difficulty for each type of

construction machine.

Table C1 - Classification of dredged soil and rock according to the physical characteristics

of soil and rock

Classification

Type of soil and rock

Classification Criterias

Organic soils and
clay

Sediment mud

Organic soils and clay Q25%
Liquit mud W > 150%
Flowing mud 85 <W <150%

Sediment mud

55% <W <85%,15<es<24

Sediment soil 36% <W<55%,10<e<15
Cohesive soll Clay soil lp>17
Powder clay soil 10<1,£17

Powder soil type

Powder soil

d > 0.75mm, amount more than 50%
lb =10, 10% < M: < 15%

Powder sandy soil

d > 0.075mm, amount more than 50%
b<10.3% <M: <10

Sand Powder sand d > 0.075mm, amount more than 50%
Fine sand d > 0.075mm amount more than 85%
Medium sand d > 0.025mm amount more than 50%
Coarse sand d > 0. 5mm amount more than 50%
Cobble d > 2.0mm amount more than 25% -

50%
Crushed soil and | Horny cobblestone, round | d >2.0mm amount more than 50%
rock cobblestone

Crushed stone, gravel

d > 20mm amount more than 50%
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Block rock, floating rock

d > 200mm amount more than 50%

Lava

Soft lava

Rc < 30MPa

Hard lava

Rc =2 30MPa

Note:

Q — ham lwong chét hiu co (%); |, — Chi sé tinh déo; D — Puong kinh hat (mm); W — Gém
ham luong nuwéc tw nhién (%); e — Ty 1é do réng; R. — Cuwong do khang nén don truc
(Mpa); M. — Ham lwong hat dinh (d<0.005mm).

Table C2 - Classification of dredged soil and rock according to the degree hardness of soil

and rock

(Annex A - TCVN 4447:2012 Earth works - Construction, check and acceptance)

Classified Hardness| Degree of Type of soil and rock Internal
factor hardness friction angle
)
20 Pacuckiran [Da Quaczit va bazan cwc ran chac va dai. 87°80
Cac loai da khac dac biét ran
I 15  Paratran Pa granit, thach anh poocpia rat ran. Cacl  86°11
loai granit khac va diép,thach silic rat ran,
cac loai thach anh [(ém r:';m hon cac loai trén
a thach va da voi ran nhat
Il 10 Paran Pa granit chac va cac loai granit bién  84°18
dang,sa thach va da voi rat ran, nhirng gan
thach anh trong quang cudi két rat chac,
quang sat rat ran
llla 8 Paran Pa véi chac, granit trung binh, sa thach,  82°53
cam thach rat chac, délémit
\Y 6 Pa twong déiSa thach, quang sat 80°32
ran
IVa 5 Pa twong dbiDiép thach Ian cat, sa thach phién 78°41
ran
\Yj 4 Pa ran trungDiép thach sét ré,n, sa thach va da voi bj 75°58
binh phong héa, cubi két phong hda vira
\Y 4 |Pa ran trungDiép thach sét ran, sa thach va da véi bi  75°58
binh phong hoa vira
Va 3 Da ran Cac Iogi diép thach bi phong hoéa. Ba phan 71°34
loai chac
Vla 1,5 [Paran P4t 1&n dam cudi, diép thach phan ra, cudi 56°19
sdi va da bi don nén, than da ran, dat sét
kho
il 1,0 [Pat mém D4t ép chéc, than da mém, dat phu sa bi 45°40
nén lau, dat thit
Vlla 0,8 Patmém D4t sét, cudi soi, hoang thd 38°58
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VIl 0,6 Patxdp DAt mau, than bun, dat pha cat, cat uwét 30°58
IX 0,5 Détroi Cat, dat thai thanh ddng séi nhd, than roi 26°30
X 0,3 [Bun Cat chay, bun dém lay, hoang thé bao hoa 16°42

nwéc va cac bun dat khac

C.3 Classification of dredged soil and rock according to the degree of difficulty for each type of
construction machine (Annex B - TCVN 4447:2012 Earth works - Construction, check and

acceptance).

C.3.1 Grading of soil and rock for excavators
Grade 1

The soil has vegetation growing, not mixed with big tree roots and boulders, mixed with crushed
stone; dry sand, sand with natural moisture, not mixed with crushed stone; mixed sandy soil, silty
soil less than 20 cm thick without tree roots; dry gravel mixed with large stones 30 cm in diameter;

plain upper layer 0.8 m thick back; compacted piled soil.
Grade 2

Gravel mixed with large stones; soft wet clay without crushed stone; light clay soil, heavy clay soil
mixed with silty soil less than 30 cm thick and tree roots; crushed rock in the lower plain from 0.8 m

to 2.0 m; sandy soil mixed with pebbles from 10% or more.
Grade 3

Heavy clay breaks in pieces; both clay and crushed stone can be cut with a shovel; muddy soil less
than 40 cm thick; lowsoil plain soil from 2.0 m to 3.5 m; yellow-red soil in hills and mountains mixed

with seaweed and small pebbles; hard soil mixed with rock or young clay.
Grade 4

Layered hard clay mixed with soft gypsum; the rock was blown to pieces.
C.3.2 Grading of soil and rock for bulldozers

Grade 1

Soil with grass that does not mix roots and crushed stone; light lightning; silty soil without roots;

upper plain land; compacted piled rubble.
Grade 2
Gravel is not mixed with large stones; soft wet clay without crushed stone.
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Grade 3

Clay breaks to pieces; clay mixed with gravel, crushed stone, dry sand; earth and boulders; The

earth has already been blown up.

C.3.3 Grading of soil for grab type machines

Grade 1

The soil has grass growing, not mixed with roots and stones; backfill has been compacted.
Grade 2

Soft wet clay, not mixed with crushed stone; heavy sand ace; plain upper layer 1 m thick back.
C.3.4 Grading of rock for crushers

Stone grade 1

Solid coefficient F = 20. Quacsite rock - clay and basalt is extremely solid, strong and tough; other

rocks are particularly solid.
Stone grade 2

Solid coefficient F = 15. Granite; very solid poopphia quartz; other granites and very solid siliceous
schist; other types of quartz are less solid than the above, sandstone and limestone are the most

solid.
Stone grade 3

The coefficient of solidity is F = 10. Solid granite and deformed granites; solid sandstone and

limestone, quartz veins in the ore; very solid finish; Iron ore is very solid.
Stone grade 4
Solid coefficient F = 6. Sandstone; iron ore.

C.4 Maritime dredging projects sometimes require the excavation or removal of materials which
are neither soils nor rocks. These material is designated as “additional materials”. Any material not
classified as rock, soil belongs to this category and needs to be adequately described. The
presence of such material may have a major impact on the operational efficiency, cost, and/or the

safety of operations. The following list gives examples of additional materials:
1) concrete masses, either continuous or discontinuous;
2) armour rocks;

3) pipelines;
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4) cables;
5) wrecks;
6) debris;
7) unexploded ordnance (UXO);
8) wood;
9) archaeological objects; and,

10) gas in sediments.
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ANNEX D
(informative)

CALCULATION ACTIVE EARTH PRESSURE WHEN USING SOILS TREATED WITH BINDERS

D.1 General
D.1.1 This section describes the concepts relevant to the performance verification of active earth

pressure when using soils treated with binders such as cement as backing and backfilling materials.

D.1.2 The soils introduced in this section are those subjected to artificial stabilization with added
binders such as cement and those having self-hardening properties.

(1) Premixed soil

(2) Lightweight treated soil

(3) Cement-mixed treated soil other than (1) and (2)above

(4) Coal ash with binders

(5) Self-hardening coal ash

(6) Granulated blast furnace slag used according to its stabilization characteristics

D.2 Active earth pressure

D.2.1 Outline

D.2.1.1 The active earth pressure of soils treated with binders acting on structures shall be
appropriately calculated by taking into consideration the characteristics of the materials to be used

and seismic ground motions.

D.2.1.2 Generally, active earth pressure during the actions of seismic ground motions can be
calculated as static earth pressure based on the seismic coefficient method, provided, however,
that seismic response analyses shall be used when it is necessary to examine the earth pressure
during earthquakes in detail. The following section describes the method for calculating earth
pressure based on the seismic coefficient method while taking into consideration the material

characteristics.

D.2.1.3 When stabilized soils in the areas of improvement are determined to have sufficiently large
cohesion, the areas of improvement can be generally considered not to undergo liquefaction.
Depending on the actions of seismic ground motions, it is generally thought that excess pore water
pressure is not generated in the areas of improvement during the actions of seismic ground

motions when unconfined compressive strength qu is around 50 to 100 kN/m?2 or more.

D.2.2 Strength parameters

105



(Draft)

The methods for setting the strength parameters of soils differ material by material. It is necessary
to consider the appropriate cohesion and the internal friction angle in accordance with the
characteristics of the soils. Generally, those soils including deep mixing treated soil, lightweight
treated soil and stabilized coal ash are considered to be ¢ materials. Premixed soil is considered to
have the characteristics of both ¢ and ¢ materials. Granulated blast furnace slag is generally
considered to be ¢ material, provided, however, that it can be treated as ¢ material when used with

particular focus on its stabilization characteristics.
D.2.3 Calculation of active earth pressure

D.2.3.1 Generally, active earth pressure can be calculated in accordance with TCVN 11820-4-1-
2020, which means that the concept of earth pressure follows the Mononobe-Okabe theory, which
uses Coulomb’s earth pressure and enables earth pressure to be calculated from the balance of

force acting on spheroidal soil masses causing ground failures.

D.2.3.2 Although the earth pressure during earthquakes, particularly underwater earth pressure,
has not been fully elucidated, the concept described in TCVN 11820-4-1-2020 has been applied to

the performance verification of many structures and has achieved satisfactory results.

D.2.3.3 The equation (D.1) is an earth pressure calculation equation applicable to materials
having characteristics of both ¢ and ¢ materials. The equation can be obtained by extending the
earth pressure calculation equation in TCVN 11820-4-1-2020 (refer to Fig. D.1).

J(Zyjh,)cos(yf—ﬂ)Jr ] sin(&; — ¢ +0)cos(w —¢&;) ¢; cos(y — fB)cos g,
= ox =2
T 1 cosy Jcosﬁcos(l,/ff;’,ﬂéf +8)sin(<; —B) cos(y—¢&; +¢ +8)sm(S; — B)

25 =y g4y +90°

BE $A0B A4
B4’

-1

A =tan

A =sin(5+ g+6)

B, =sin(y+¢, +5—f)cos@—sin(y —¢ +6)cos(5+ f)+ | i i
(Z;/ihﬁ)cos(wfﬁ)+

2cosy

w

2c cos(y — f)cos¢sin(S + f)cos@
(_th)cos(y/fﬁ)+m
2cosy (D.1)

C=sin(y+¢+56—p)sinO+sin(y—¢+6)sin(5+f)—

where

pai . active earth pressure intensity acting on a wall face at the bottom of the ith
layer (KN/m?)
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: cohesion of soil in the ith layer (kN/m?)

: angle of shear resistance of the ith layer (°)

. unit weight of the ith layer (kN/m?3)

: thickness of the ith layer (m)

: angle between the wall face and the vertical plane (°)

: angle between the ground surface and the horizontal plane (°)

: friction angle on the wall face (°)

: angle between the failure face of the ith layer and the horizontal plane (°)
: surcharge per unit area of the ground surface (kN/m?)

: composite seismic angle (°) expressed by 6 =tan-Tk or 0 = tan-1x’
. seismic intensity

: apparent seismic intensity

TRTR7RT
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Figure D.1 - Active earth pressure acting on a structure

D.2.3.4 Okabe’s equation is expanded on in the equation (D.1). Although the equation (D.1) does
not have the strictness that Okabe’s equation has, the solutions from the equation (D.1) when
dealing with ¢ materials without the cohesion of soil or ¢ materials without internal friction angle
correspond to those of the equation in TCVN 11820-4-1-2020.

D.2.3.5 When obtaining the earth pressure intensity and failure angles using the equation (D.1),
these values shall be obtained at each boundary of layers with different soil properties on the
assumption that the earth pressure intensity and failure line in each layer show a linear distribution.
However, there are cases where the earth pressure intensity and failure lines show a curved
distribution when these values in identical layers are obtained by dividing the layers, which
contradicts the fact that Okabe’s equation assumes linear failures based on Coulomb’s earth

pressure.

D.2.3.6 In using the above equation, there may be a necessity to consider the existence of cracks

depending on the characteristics of the soils to be used.

D.2.4 Cases of finite improvement widths

D.2.4.1 When the equation proposed by Mononobe and Okabe cannot be simply applied
to stabilized soils because the areas of improvement are finite, it is necessary to evaluate
earth pressure through appropriate methods capable of evaluating the effects of the areas
of improvement on earth pressure. In cases of finite areas of improvement, the slice
method can be used for the evaluation of earth pressure. In the slice method, earth
pressure can be calculated in a manner that assumes the slip surfaces at the back of the
structures, slices earth mass between the slip surfaces and wall faces into pieces, and
calculates the earth pressure by balancing self-weight, buoyancy, shear force on sliding
surfaces and actions due to seismic ground motions acting on the respective sliced pieces.
Although the above method does not always correspond to the modes of ground failures, it

can be used when there are no other appropriate methods.

D.2.4.2 The characteristics of earth pressure calculation based on the slice method

introduced in this section are as follows.

1) In the case of semi-infinite multilayer ground, the earth pressure calculated using the

method almost corresponds to that calculated in accordance with TCVN 11820-4-1-2020.

2) In the case of finite multilayer ground, the method can calculate earth pressure compatible

with the concept of earth pressure based on the Mononobe-Okabe theory.

3) Following the conventional concept of the angle of wall friction, the method only assumes
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angles of wall friction of 15° and 0° for ground including ¢ materials and ground comprising ¢

materials, respectively.

4) There have been no clear definitions of the point of earth pressure on the entire spheroidal
soil mass. Thus, the point of earth pressure shall be calculated based on the earth pressure
distribution by depth.

5) There may be cases where the modes of failures when obtaining earth pressure distribution
do not correspond to those of entire systems. In such cases, due consideration shall be given to

the earth pressure distribution to be used for the performance verification.
6) In the slice method, the following three modes of failures are examined (Fig. D.2).

7) The earth pressure distribution can be calculated on the assumption that the earth pressure
of a certain depth interval is equal to the differences in the earth pressure at the respective depths
in the interval.

a) Mode 1: Failures with uniform slip failure surfaces throughout the backfill (shear

resistant mode);

b) Mode 2: Failures with cracks down to the bottoms of stabilized soil layers (crack

mode); and
c) Mode 3: Failures along the shapes of stabilized soil masses (friction resistance
mode).

Note:

The type of Mode 1 failures with slip surfaces that do not pass through stabilized soil masses is categorized
as Mode 0.

Mode 2
Mode 1 Mode 3

UH/H/\ <

NANANNMANNANANN N

Fig D.2 - Three failure modes considered in the slice method
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ANNEX E
(informative)

LIGHTWEIGHT TREATED SOIL METHOD

E.1 General

E.4.1 The provisions in this section can be applied to the performance verification of the lightweight

treated soil method.

E.4.2 The lightweight treated soil method is meant to produce lightweight and stable ground in a
manner that prepares soil soil by adding and mixing binder and lightweight materials with dredged
soil or construction waste soil in a slurry form with the water content adjusted to be higher than the
liquid limit as original material soil, and uses the soil for landfilling or backfilling. The types of
treated soil with foam and expanded beads used as lightweight materials are called foam treated
soil and expanded bead treated soil, respectively. Lightweight treated soil has the following

characteristics:

1) Because of its light weight, with approximately one half of the sand in the air and one fifth in the

seawater, it can prevent ground settlement when used for landfilling and backfilling.

2) Because of its light weight and high strength, it can reduce earth pressure during normal
operation and in the event of an earthquake, thereby enabling highly earthquake-resistant

facilities or land to be constructed.

3) By enabling dredged soil which is constantly generated from ports and disposed of as waste
and construction waste soil generated from on land development to be used as original material

soil, it can reduce the burden on waste disposal sites.
E.2 Fundamentals of performance verification

E.4.1 Because the lightweight treated soil is ground material subjected to lightweight and
stabilization treatment, its performance verification can be carried out in accordance with the

performance verification methods for soil stipulated in TCVN 11820-4-1:2020.

E.4.2 Because the lightweight treated soil is ground material subjected to lightweight treatment, the
performance verification method of general earth structures can also be basically applied to the

lightweight treated soil, except for the mix proportion tests.

E.4.3 An example of the performance verification procedure when using the lightweight treated soil

method in backfilling for revetments and quaywalls is shown in Fig. E.1.
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Determination of application of lightweight treated soil method

v
Assumption of strength and unit weight of lightweight treated soil |«

v

Assumption of area (or bounds. boundary) of improvement -
with lightweight treated soil

\ 4

Examination of ground as a whole, including lightweight
treated soil

| Evaluation of actions
Examination of bearing capacity
Examination of circular slip failure

I Examination of consolidation seftlement
Examination of liquefaction of surrounding ground

v
Performance verification of superstructure

v
Determination of strength/unit weight and area of improvement with lightweight treated soil

Fig. E.1 Example of the Performance Verification Procedure for the Lightweight Treated Soil
Method

E.4.4 In the performance verification of the lightweight treated soil method, the following actions
are generally considered.
1) The self-weight of lightweight treated soil, superstructure (caissons, etc.),

backfilling materials, filling materials, reclaimed soil and mound materials (that
consider buoyancy)

2) Earth pressure and residual water pressure

w

Surcharges (including fixed, variable and cyclic loads)

N

)
)
) Tractive force by ships and reaction of fenders
)

(9]

Actions in respect to seismic ground motions
E.4.5 The calculations of earth pressure method following in TCVN 11820-4-1:2020 and Annex D.

E.4.6 The soil constant of lightweight treated soil shall be basically evaluated by means of
laboratory tests, which take into consideration the environmental and construction conditions at the

sites. Generally, they may be evaluated based on the following concepts:
1) Unit weight

The unit weight of lightweight treated soil is may be set within a range from 8 to 13 kN/m® by
adjusting the amounts of lightening material and added water. When used for the construction of

port facilities, lightweight treated soil with a unit weight less than that of the seawater poses a risk
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of floating in the case of a rise in sea levels. Therefore, the following values are generally used as

the characteristic values of the unit weight of lightweight treated soil.

For use underwater: y tk= 11.5to 12.0 kN/m3
For use in air: y tk=10. 0 kN/m3

The mix proportion of lightweight treated soil shall be designed by taking into consideration the fact
that the unit weight of lightweight treated soil varies depending on the environmental conditions,

particularly the intensity of the water pressure, during and after placement.
2) Strength

The strength of lightweight treated soil is mainly attributable to the stabilized strength of cement-

based binders. The standard design strength can be evaluated by unconfined compressive

strength qu and can generally be set with a range of 100 to 500 kN/mZ2. Although it cannot be
expected that the increase in confining pressure contributes to the increase in the strength of
lightweight treated soil because of the inclusion of foam or expanded beads, the residual strength
is approximately 70% of the peak strength. The characteristic values of compressive strength shall
be the standard design strength and appropriately set so as to satisfy the stability and required

performance of the structures of the superstructure and the ground as a whole.

Undrained shear strength cy can be used as the characteristic value of shear strength. The value

of cu can be calculated by the equation (E.1).

€ =qu/2 (E.1)
3) Consolidation yield stress py
The consolidation yield stress py can be calculated by the equation (E.2).

ry =1l4q, (E.2)
4) Elastic modulus E50

Test values can be used as the elastic modulus E50, provided that the tests can be implemented

by paying attention to details such as the precise measurement of small deformation amounts and
the preparation of specimens with careful end finishing. In cases where such tests are not available,
the deformation modulus can be calculated from unconfined compressive strength qu by the

equation (E.3).
E;, —100~200g, (E.3)
where
E50 : elastic modulus (kN/m?)
qu : unconfined compressive strength (kN/m?).
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The elastic modulus shown above corresponds to a strain level of 0.3 to 1.0%.
5) Poisson’s ratio

Poisson’s ratio of lightweight treated soil varies depending on the intensity of stresses and before
or after the attainment of peak strength. When the surcharge is less than the consolidation yield

stress of lightweight treated soil, the following mean values may be used.

Lightweight treated soil with foam: v = 0.10
Lightweight treated soil with expanded beads: v = 0.15
6) Dynamic property

The values necessary for dynamic analyses such as shear modulus G, damping factor h, strain
dependency of G and h, and Poisson’s ratio v are generally obtained through laboratory tests, or,
as a simplified alternative method, these values can be determined through the estimation method
which has been used for ordinary soil with reference to the test values of ultrasonic wave

propagation velocity tests.
E.3 Examination of improvement areas

E.4.1 The level of weight-saving to be achieved through the lightweight treated soil method shall be
appropriately determined by taking into consideration the types of object structures, action

conditions and the stability of the structures and the ground as a whole.

E.4.2 The areas subjected to soil improvement through the lightweight treated soil method are
generally determined in accordance with the purposes of weight-saving; that is, the areas
subjected to soil improvement shall be determined based on the allowable amounts of settlement
or displacement when the purpose is to prevent settlement or lateral displacement, the results of
slope stability analyses when the purpose is to ensure stability, and required earth pressure

reduction conditions when the purpose is to reduce earth pressure.
E.4 Concept of mix proportion design

E.4.1 The mix proportion of lightweight treated soil shall be designed so as to achieve the strength

and unit weight required at sites.

E.4.2 The types of binder and lightweight materials shall be determined after confirming their

effectivity through tests.

E.4.3 The mix proportion of lightweight treated soil shall be determined through laboratory mix
tests based on the strength and unit weight required in the performance verification. The mix
proportion shall be appropriately corrected at sites in accordance with the differences between the

laboratory mix tests and actual construction conditions.

E.4.4 The mix proportion design is preferably implemented in the general procedures as shown

below.
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1) Implementation of the investigations and tests to understand the basic properties of original
material soil and soil to be improved before designing lightweight treated soil. The standard test

items are as listed below.

a) Types of tests related to original material soil
(1) Soil particle density test

(2) Water content test

(3) Grain size test

(4) Liquid limit and plastic limit tests

(5) Wet density test of soail

(6) pH test

(7) Organic carbon test (or ignition loss test)
b) Types of tests related to soil to be treated
(Physical tests immediately after production)
(1) Density test

(2) Flow test

(3) Underwater separation resistance test (when used underwater) (Physical tests after

stabilization)

(4) Wet density test

(5) Unconfined compression test
(6) Hexavalent chrome elution test

2) Laboratory mix tests of lightweight treated soil (for water content, density and unconfined
compressive strength as standard test items) shall be conducted to set the amounts of water,

binder and lightweight materials to be added to original material soil.

E.4.5 The flow values of treated soil affect material separation during mixing, the difficulty in mixing,
transportation (pumping) distances, material separation during placement and the accuracy of
surface finishing. Generally, the flow values are determined by the relationships among the
properties of the original material soil, the amount of water, the types and amount of stabilization
materials, and the types and amount of lightweight materials such as foam and expanded beads,

but it is preferable to set the flow value in a range of 130 to 230 mm.

E.4.6 The target strength of the laboratory mix tests shall be the value obtained by multiplying the
standard design strength by a premium rate a while taking into consideration the differences

between the design and field strength and the variation of field strength. The premium rate a is
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expressed by the ratio of laboratory mix test strength and standard design strength and is generally

set at the following value a = 2.2.
E.5 Workability confirmation test

E.5.1 When there are no records to be used as reference or there are special construction
conditions, it is preferable to conduct tests to confirm workability before the actual implementation

of the lightweight treated soil method.

E.5.2 The methods for confirming workability include water tank placement tests that simulate the

actual construction conditions and test mixing using actual mixers.

E.5.3 In workability confirmation tests, it is necessary to confirm the mixing state of lightweight

treated soil and density and strength after placement.
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ANNEXF
(informative)

PREMIX METHOD

F.1 Fundamentals of Performance Verification
F.1.1 Scope of application

E.4.7 The performance verification method described in this section can be applied to the
performance verification of ground improved through the premix method for the purpose of

reducing earth pressure and preventing liquefaction.
E.4.8 The definitions of the terms related to this method are as follows.
1) Treated soil: Soil improved with binders
2) Treated ground: Ground filled and improved with treated soil
3) Area of improvement: Areas where treated ground is to be developed

4) Additive ratio of binders: A weight ratio of binders to the dry weight of the base material,

expressed in percentages

5) Earth pressure reduction: A countermeasure to reduce earth pressure on a wall surface

(active earth pressure)

E.4.9 The premix method is to develop stable ground in a manner that prepares treated soil by
adding and mixing binders and segregation preventive agents with soil to be used for filled ground,
and fills ground underwater with the treated soil. The principle of this method is to use cement-
based binders for adding cohesion to the soil used for filled ground through the chemical
stabilization reaction between the soil and the binders. Here, the term filled ground means the
ground at the back of mooring facilities and revetments filled with backfill soil, the ground inside

cells filled with infill soil and the ground filled after excavation with replacement soil or original soil.

E.4.10 The types of soil (base materials) applicable to this method are sand and sandy soil.
Cohesive soil is not the case because when it is used for the premix method, it can cause
significant fluctuations in the mechanical characteristics of the treated soil depending on the
properties of the cohesive soil. Nevertheless, when it is necessary to use cohesive soil as a base

material, the applicability of the cohesive soil shall be examined in accordance with its properties.

E.4.11 The premix method can be applied not only to earth pressure reduction and
liquefaction prevention but also to the reinforcement of filled ground to meet the requirements of
the facilities to be constructed. In such cases, the strength of the filled ground shall be evaluated

appropriately.
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F.1.2 Basic concept

F.1.21 For the performance verification, it is necessary to appropriately determine the required

strength of the treated soil, the additive ratios of the binders and the areas of improvement.

F.1.2.2 When evaluating the earth pressure reduction effect or examining the stability of the

ground with respect to slip circle failures, treated soil shall be regarded as a c-¢ material.

F.1.2.3 The areas of improvement shall be determined based on the stability of not only the
treated ground but also the facilities (overall stability) with respect to sliding failures because there
is a possibility that the treated ground has significantly larger rigidity than the surrounding

untreated ground and will behave as a rigid body during the actions of seismic ground motions.

F.1.24 It is preferable to determine the standard design strength of the treated ground and the

areas of improvement through the example procedure shown in Fig. F.1.

Preliminary survey and tests of untreated and treated soil

v

Evaluation of actions

v

Determunation of angle of shear resistance (¢) of treated subsoil

.

Assumption of cohesion (¢) and area of improvement of treated subsoil [€—

v

Examunation of liquefaction countermeasures
and earth pressure reduction effect

.

Stabulity of facilities

v

Determunation of standard design strength
and area of improvement of treated subsoil

Fig. F.1 Example of the Performance Verification
Procedure for the Premix Method

F.1.2.5 When implementing the premix method for the purpose of liquefaction prevention, the

additive ratios of binders shall be determined accordingly.

F.1.2.6 Generally, treated soil using sandy soil as a base material can be regarded as a c-¢

material; therefore, the shear strength of the treated soil can be calculated by the equation (F.1).
T, =c+o'tang (F.1)
where

Ts : shear strength of the treated soil (kN/m?)
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(o : effective confining pressure (kN/m?)
c : cohesion (kN/m?)
¢ : angle of shear resistance (°)

¢ and ¢ correspond, respectively, to the cohesion cd and the angle of shear resistance ¢d obtained

through consolidated and drained triaxial compression tests.

F.1.2.7 The earth pressure of treated ground acting on wall surfaces can be calculated through
the method specified in TCVN 11820-4-1:2020 and Annex D.

F.1.3 Preliminary Surveys

F.1.3.1 It is necessary to appropriately evaluate the properties of soil to be used in the premix

method through preliminary surveys and tests.

F.1.3.2 The items for preliminary surveys and tests include tests on particle density, water
content, grain size, and the maximum and minimum densities of filling soil, as well as records of

surveys and field tests on the soil properties of existing filled ground nearby.

F.1.3.3 Due consideration shall be given to the water contents and fine particle content rates of
filling soil because these factors affect the selection of the methods for mixing treated soil with

binders and the strength development of treated soil after mixing.

F.1.3.4 The density of treated ground after filling shall be appropriately estimated in advance.
Furthermore, due consideration shall be given to the density of treated ground after filling because
it is the basic data required when setting the density of specimens for laboratory mix tests, and

thereby has a large influence on the test results.

F.1.3.5 The density of treated ground shall be appropriately estimated with reference to the soil
data, such as the N-values of existing filled ground, or the data on the existing filled ground treated
by the premix method. When referring to existing soil property data, it is necessary to confirm the
similarities between the properties of the filling soil to be used in the premix method and the
properties in the reference data through grain size distribution curves or other means, and the
similarity of the filling methods between the premix method and those in the reference data. In the
event of difficulties in obtaining the appropriate reference data for estimating the density of treated
soil after filling, it is preferable to conduct field tests. If field tests are not feasible, the density of

treated soil after filling shall be set with the assumption that the ground has been loosely filled.

F.1.3.6 According to previous surveys, the N-values of existing filled ground without treatment

can be around 10, although they widely vary.
F.1.4 Actions

F.1.4.1 The main actions to be considered in the performance verification of the premix method
are surcharge, the self-weight of treated ground, buoyancy, earth pressure, residual water
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pressure, fender reaction force, seismic ground motions and waves.
F.1.5 Determination of Strength of Treated Soil

F.1.5.1 The strength of treated soil needs to be determined in such a way as to yield the
required improvement effects by taking account of the purposes and conditions of the application
of this method.

F.1.5.2 When implementing the method for the purpose of reducing earth pressure, the
cohesion c of treated soil needs to be determined so that the earth pressure can be reduced to the

required levels.

F.1.5.3 When implementing the method for the purpose of preventing liquefaction, the strength

of the treated soil needs to be determined so that the treated soil does not undergo liquefaction.

F.1.5.4 There is a significant relationship between the liquefaction strength and the unconfined
compressive strength of treated soil. It is reported that treated soil with an unconfined compressive
strength of 100 kN/m? or more does not undergo liquefaction. Therefore, when implementing the
method for the purpose of preventing liquefaction, the unconfined compressive strength of 100
kN/m? can be used as the index value of the strength of the treated soil. When setting the
unconfined compressive strength of treated soil at less than 100 kN/m?, it is preferable to confirm

that the treated soil does not undergo liquefaction through cyclic triaxial compression tests.

F.1.5.5 Generally, the cohesion of treated ground can be calculated in a manner that first
estimates the internal friction angle of the treated ground, then inversely calculates the cohesion of
treated soil by substituting the estimated internal friction angle and the target earth pressure after
reduction by the earth pressure calculation formula while taking into consideration cohesion and

the angle of shear resistance.

F.1.5.6 According to the results of consolidated and drained triaxial compression tests of
treated soil with a binder additive ratio of 10% or less, the internal friction angle of the treated soil
are equal to or slightly larger than those of the base material soil. Accordingly, in order to be on the
safe side in the performance verification, the internal friction angle of the treated soil can be

assumed to be the same as those of the untreated soil.

F.1.5.7 When obtaining the internal friction angle through triaxial compression tests, the angle
of shear resistance is obtained from consolidated and drained triaxial compression tests based on
the estimated density and effective overburden pressure of the treated ground after filling. The
internal friction angle used in the performance verification shall be generally smaller than those
obtained from the tests by 5 to 10°. When a triaxial compression test is not performed, ¢ can be
obtained from the estimated N-values of the treated ground after filling (with attention paid to the

use of the N-values of the untreated ground).

F.1.6 Mix Proportion Design
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F.1.6.1 The mix proportion of treated soil shall be determined by conducting the appropriate
laboratory mix tests. It is preferable to consider a possible decline in strength at the sites because

there are cases where the field strength of the treated soil is lower than the laboratory test results.

F.1.6.2 The purpose of laboratory mix tests is to obtain the relationship between the strength of
the treated soil and additive ratios of binders, and to determine the appropriate additive ratios of
binders so as to obtain the required strength for the treated soil. The relationship between the
strength of the treated soil and the additive ratios of binders is greatly affected by the test
conditions such as the types and density of soil. Therefore, laboratory mix tests are preferably

conducted under conditions similar to the actual site conditions.

F.1.6.3 When implementing the method for reducing earth pressure, the relationships among
cohesion, the internal friction angle ¢ and the additive ratios of binders shall be obtained through
consolidated and drained triaxial compression tests. When implementing the method for preventing
liquefaction, the relationship between the unconfined compression strength and the additive ratios

of binders shall be obtained through unconfined compression tests.

F.1.6.4 It is important to understand the difference between field and laboratory strength when
setting the overdesign factor applied to the field mix proportion design According to past
performance records, laboratory strength is generally larger than field strength, and overdesign
factors a are around 1.1 to 2.2. Here, the overdesign factor a is defined as the ratio of laboratory

strength to field strength in terms of the unconfined compressive strength.

F.1.6.5 Field tests shall be conducted when it is necessary to figure out the density and the
variance of strength of treated ground after the filling, and the difference between field and

laboratory strength.
F.1.7 Examination of Areas of Improvement

FA1.71 The areas of improvement through the premix method shall be appropriately
determined by examining the stability of the facilities and ground as a whole while taking into

consideration the structural types of the object facilities and action conditions.

F.1.7.2 The areas of improvement in the case of implementing the method for reducing earth
pressure shall be set so as to ensure the stability of the object facilities with respect to the earth

pressure of treated ground acting on the facilities.

F.1.7.3 The areas of improvement in the case of implementing the method for preventing
liquefaction shall be set so as to ensure that the liquefaction of untreated ground does not affect

the stability of the object facilities.

FA1.7.4 The actions and resistance considered to be applied to facilities and treated ground in
cases with or without the liquefaction of untreated ground behind treated ground are shown in Figs.

F.2 and F.3 respectively.
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F.1.7.5 When implementing the method for either earth pressure reduction or liquefaction
prevention, it is necessary to examine the entire stability of the treated ground, including the object
facilities, with respect to sliding failures during the actions of seismic ground motions and slip circle

failures under a permanent situation.
F.1.7.6 Examination of sliding failures during the actions of seismic ground motions

1)  The sliding failures of treated ground during the actions of seismic ground motions shall be
examined because of a possibility that the treated ground may slide as a rigid body. The
appropriate values of the partial factors used in the examination shall be 1.0 or higher in general
and the characteristic values of the friction coefficient on the bottom of the treated ground can be
0.6. In the calculation of sliding resistance on the bottom faces of treated ground against the
cohesive original ground, the cohesion of the original ground can be used for the calculation. The
equation (F.2) below for examining the stability of untreated ground with no risk of liquefaction and
with respect to sliding failures deals with actions such as the earth pressure in simple cases where

the residual water level is on the ground surface.

2)  When the residual water level is in the ground and the original untreated ground has a risk of
liquefaction, the ground above the residual water level can be considered to undergo liquefaction
all the way to the ground surface with excess pore water pressure propagated from the lower

ground.

3) Diagrams of the actions to be considered in the cases of implementing the method for earth
pressure reduction and liquefaction countermeasures are shown in Figs. F.2 and F.3, respectively.
It shall be noted that, in cases where the treated ground has shapes which cause the values of @ in
both figures to be negative, the treated ground has risk of sliding failure due to the lateral
deformation of structures or liquefaction. In addition, when implementing the method for
liquefaction countermeasures, the shapes of the treated ground causing the value of ¢ to be
negative are disadvantageous to sliding failure prevention in that the treated ground is subjected to
upward excess pore water pressure generated in the untreated ground, thereby reducing its

effective weight.
(@)  When implementing the method for the purpose of earth pressure reduction

With the directions of the respective actions and resistance shown in Fig.F.2 assumed to
be positive, the stability of the treated ground with respect to sliding failures can be verified using
the equation (F.2). In the equation, the symbol yis the partial factor for the respective subscripts,
and the subscripts k and d denote the characteristic value and design value, respectively.
Furthermore, in the following performance verification, all the partial factors, including the

modification coefficient, can be set at 1.0.
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The characteristic value in the above equation can be calculated as follows.
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Where:
R1: friction resistance on the bottom face of the structure (ab) (KN/m)
R2: friction resistance on the bottom face of the treated ground (bc) (KN/m)
Pw1: hydrostatic water pressure acting on the front face of the structure (af) (KN/m)

Pw2: dynamic water pressure acting on the front face of the structure (af) (KN/m)

(F.2)

(F.3)

Pw3: hydrostatic water pressure acting on the rear face of the treated ground (cd) (KN/m)

H1: inertia force acting on the structure (abef) (KN/m)

H2: inertia force acting on the bottom face of the treated ground (bcde) (KN/m)

Ph: horizontal component of the active earth pressure of untreated ground during an

earthquake acting on the rear face of the treated ground (cd) (KN/m)

Pv: vertical component of the active earth pressure of untreated ground during an

earthquake acting on the rear face of the treated ground (cd) (KN/m)
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pwg: unit weight of seawater (KN/m)

w’:  submerged unit weight of untreated ground (KN/m)

kh: seismic coefficient for verification

Ka: coefficient active earth pressure of untreated ground during an earthquake

h1: water level in front of the structure (m)

h2: residual water level (m) (assumed to be at the ground surface in Fig. F.2 for simplicity)
0: angle of wall friction between the treated ground and untreated ground (cd)

@: angle of the rear face of the treated ground (cd) with respect to the vertical direction (with

the counterclockwise direction assumed as positive)
f1: coefficient of friction on the bottom face of the structure
f2: coefficient of friction on the bottom face of the treated ground (=0.6)
c: cohesion of the original ground (KN/n7)
lbe: length of the bottom face of the treated ground (bc) (m)
(b)  When implementing the method for the purpose of Liquefaction countermeasures

With the directions of the respective actions and resistance shown in Fig. F.3 assumed to be
positive, the stability of the treated ground with respect to sliding failures can be verified using the
equation (F.4). In the equation, the symbol y is the partial factor for the respective subscripts, and
the subscripts k and d denote the characteristic value and design value, respectively. Furthermore,
in the following performance verification, all the partial factors, including the modification coefficient,

can be set at 1.0.

When untreated ground at the back of the treated ground undergoes liquefaction, the static and
dynamic pressures of the untreated ground are generally considered to act on the back of the
treated ground as shown in Fig. F.3. The static pressure can be calculated by adding hydrostatic
pressure to earth pressure with the coefficient of earth pressure set at 1.0. The dynamic pressure
can be calculated refer TCVN 11820-4-1:2020, TCVN 9151:2012, however, that the unit weight of
the water is replaced with the unit weight of the saturated soil.

AS. {
m-—==<1 0 R‘,' :-’KR( S,; :n’\S; \
R(II

~~

R, =R, +Ry +F,
S¢=H,, +H, +PF, +P,
(F.4)

The characteristic values in the above equation can be calculated as follows.
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Where:

R1: friction resistance on the bottom face of the structure (ab) (KN/m)

R2: friction resistance on the bottom face of the treated ground (bc) (KN/m)

Pw1: hydrostatic water pressure acting on the front face of the structure (af) (KN/m)

Pw2: dynamic water pressure acting on the front face of the structure (af) (KN/m)

H1: inertia force acting on the structure (abef) (KN/m)

H2: inertia force acting on the bottom face of the treated ground (bcde) (KN/m)

Ph: horizontal component of the active earth pressure of untreated ground during an

earthquake acting on the rear face of the treated ground (cd) (KN/m)

pWg: unit weight of seawater (KN/m)

w’: submerged unit weight of untreated ground (KN/mn)

kh: seismic coefficient for verification

Ka: coefficient active earth pressure of untreated ground during an earthquake
h1: water level in front of the structure (m)

h2: water level to calculate the pressure due to liquefaction (m) (assumed to be at the

ground surface)

@: angle of rear face of the treated ground (cd) with respect to the vertical direction (with the

counterclockwise direction assumed as positive)
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f1: coefficient of friction on the bottom face of the structure

f2: coefficient of friction on the bottom face of the treated ground (=0.6)
c:. cohesion of the original ground (KN/n?)

Ibc: length of the bottom face of the treated ground (bc) (m)

4)  Examination of stability with respect to slip circle failures under a permanent situation, refer
TCVN 11820-4-2:2020.

F.1.7.7 When the stability of the facilities and ground as a whole cannot be secured, it is
necessary to take measures such as the revision of the areas of improvement and an increase in
the standard design strength of the treated soil.

Structure  Treated subsoil  Untreated subsoil (not liquefied)
f c d Y = 7 =
"4
‘ -
h:
h P.,
P.,
P-‘l
Y
Fig. F.2 Diagram of Actions to be Considered
When Implementing the Premix Method
for Reducing Earth Pressure
Structure Treated subsoil  Untreated subsoil (not liquefied)
f e d P =
v ic pressure
= (earth + water)
h,
hs
P, Static pressure

Fig. F.3 Diagram of Actions to be Considered
When Implementing the Premix Method for
Liquefaction Countermeasures
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ANNEX G
(informative)

PNEUMATIC FLOW MIXING METHOD

G.1 Fundamentals of Performance Verification

G.1.1 The pneumatic flow mixing method is to produce stabilized soil by mixing binders with
dredged soil and using the turbulence effect of plug flows generated inside pressure pipes while
pneumatically transporting the object soil for improvement and placing the stabilized soil at

predetermined locations.

G.1.2 For the production of stabilized soil, there has been development of several types of
methods based on pneumatic transportation and solidifier adding methods. In addition, for the
placement of stabilized soil, there are aerial and underwater placement methods. For the
underwater placement method, it is necessary to pay attention to the correct use of tremie pipes so

as not to drop stabilized soil directly into the water.

G.1.3 The performance verification of the pneumatic flow mixing method shall be carried out by
appropriately setting the required strength of improved ground and the areas of improvement
based on the survey and test results on the object soil for improvement and stabilized soil as well

as the applicable conditions for the method.
G.2 The outline of the Pneumatic flow mixing method

1) The dredged soil from the grab dredger is put into the hopper of the pneumatic flow vessel

and transported to the landfill by pneumatic transport.

2) For transportation, add a stabilization material near the hopper of the pumping vessel or in

the middle of the pumping pipe.

3) The dredged soil and the stabilization material are sent as a plug flow in the pumping pipe,
and the dredged soil and the stabilization material are mixed by the turbulent flow effect in

the pumping pipe.

G.2.1At the outlet of the pumping pipe, the dredged soil and the stabilization material are

discharged as a fully mixed soil.
G.3  Soil material requirements

G.3.1 The pneumatic flow mixing method can be applicable not only to dredged soft soil but

also to surplus soil and subsoil produced from construction sites.

G.3.2 Soil properties suitable for the method are summarized in Table 9.5, in which cohesive

soil with a sand particle content of less than 30% and a water content of 90 to 110%
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(approximately 1.3—1.5 times the liquid limit) is the most suitable for the method.

G.3.3 Cohesive soil with a sand particle content of 30 to 50% and a comparatively low water
content, or cohesive soil with a sand particle content of less than 30% and a water content of 50 to
70% (approximately 0.7—1.0 times the liquid limit), the shear strength of cohesive soil is too large,
and it is difficult to pump air in the same soil condition. In this case, the cohesive soil is agitated or
water is added in the carrier, or the amount of the soil charged into the hopper is reduced and then
pumped (mixed). For this reason, soil with a low water content has a relatively lower pumping

capacity than soil suitable for pumping.

1)  On the contrary, cohesive soil with a water content of 200% or more (about 2.8 wL or more)

has a too high water content and is not suitable for solidification treatment.

2)  On the other hand, cohesive soil and gravel with a water content of 50% or less (about
0.7WL or less) are usually excluded from the solidification treatment because they are in a state

close to solidification.

G.34 When the treated soil prepared by the Pneumatic flow mixing method is used as a landfill
material, the amount of stabilization material added is usually about 50 to 70 kg/m3, and in many
cases the design standard strength should be set to 100 to 200 kN/mZ. In addition, depending on
other usage or the condition of the dredged soil, the amount of stabilization material added may be
80 to 100 kg/m3.

G.3.5 When applying the Pneumatic flow mixing method, there are many construction records
of 20,000 to 200,000 m3, and it can be applied to large-scale construction by using a large

pneumatic placing vessel.

In addition, the Pneumatic flow mixing method mainly uses dredged soil, but it can also be applied

to other construction-generated soil.
G.4 Stabilization material addition requirements

G.4.1 The ordinary Portland cement and blast furnace slag cement type B are often used as a
binder, where the cement content and target unconfined compressive strength of the stabilized soil
are of the order of 50 to 70 kg/m3 and 100 to 200 kN/m2, respectively.

G.5 Performance verification of the pneumatic flow mixing method

G.5.1 Pneumatically stabilized soil is a soil stabilized with binders. The performance
verification of the pneumatically stabilized soil can be carried out using the methods applicable to

soil.

G.5.2 The required performance of the pneumatically stabilized soil varies depending on the
intended use as shown in Table G.1. The pneumatically stabilized soil needs to ensure ground
strength that satisfies the standard design strength when used for landfill, earth pressure reduction,

seismic reinforcement and surface layer treatment, as well as reduce fluidity as much as possible
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to maintain steep slopes when used for embankment widening and increase fluidity to enhance

self-compacting performance when used for backfilling.

Table G.1 Required performance of pneumatically stabilized soil

Intended use

Required performance of

pneumatically stabilized soil

Remarks

1) Landfilling

Ground strength

2) Earth pressure reduction

Ground strength

3) Seismic reinforcement

Ground strength

4) Embankment widening

Low fluidity (to maintain steep

slopes, ground strength)

Water content of soil: Low

5) Surface layer treatment

Ground strength

6) Underwater backfilling

High fluidity (to eliminate

compaction), ground strength

Water content of soil: High

G.6  Mix proportion design

G.6.1

The mix proportion design of pneumatically stabilized soil shall be determined so as to

ensure the target strength and fluidity when pneumatically transported while taking into

consideration the types and additive amounts of binders, adjusted water contents and material

ages.

G.6.2

It is preferable to conduct laboratory mix tests for the purpose of determining the fluidity,

strength and curing conditions, and obtaining information on the relationships between the additive

amounts of binders and unconfined compressive strength, the water-cement ratio (W/C) and

unconfined compressive strength, and the adjusted water contents and flow values.
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ANNEXH
(informative)

“CALCIA MODIFIED” SOIL METHOD

H.1 General

H.1.1 Calcia modified soil is a kind of soft soil stabilization methods, it is a material with
modified physical and chemical properties, and has effects such as increasing strength, reducing
turbidity, and purifying sea bottom sediment, and can be used for shallow tideland construction, as
an earthwork material for harbors, airports, coastal works, backfilling of seabed depression, and

landfilling, etc.,

H.1.2 Calcia modified soil can be mixed and produced by conventional construction methods,
which are currently used at construction sites such as continuous mixer mixing, pneumatic flow

mixing, and backhoe mixing.

H.1.3 Calcia modified soil is material whose physical and chemical properties are modified by

mixing a calcia modified material with soft dredged soil, and has the following characteristics.
1)  Strength improvement effect of soft dredged soil

2)  Suppressing effect of turbidity

3)  Elution suppression effect of nutrients (phosphorus, sulfide)

4)  Safety (Satisfies environmental safety quality, suppresses pH rise, and has no effect on living

organisms)
5)  Durability (There is almost no long-term deterioration in seawater)

Table H.1 - Roles of main materials

Material type Action / Role

Calcia modifier The silica content of the dredged soil and the free lime (f-CaO) from the

calcia modifier are hydrated and solidified. In this case, calcium silicate-
based hydrate (C-S-H) and calcium aluminate-based hydrate (AFm) are
formed.

Dredged soil

Alkaline stimulant | As a strength-enhancing additive, blast furnace slag fine powder or the like is
used as needed.

H.1.4 The calcia modified soil is a material that develops strength by a hydration reaction
between calcium eluted from the calcia modifier and silica or alumina eluted from the dredged soil.

and the strength will vary depending on the combination of each factor as shown in Table H.2.
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Table H.2 - Influential factors on intensity development

Classification S/N _Inﬂue_n tial factors on Impact
intensity development
Raw Dredged y Moisture content ratio (Moisture | Low water content — high strength
materials | soll content ratio / liquid limit)
2 | Fine particle content Fine particle size — high strength
3 Organic content (Ignition loss) | Ignition loss is large — Ignition is
small
4 Composition / ingredients Large amount of soluble silica, etc.
— Large strength
Calcia 5 Ca amount (f-CaO amount) Amount of stabilizing material f-CaO
modifier large— strength large
6 Particle size distribution Small particle size in reaction area
— High strength
Mixed Calcia 7 Mixing amount of Calcia I_arge Calcia mixing ratio — Large
soil modified modifier strength
soll
8 Elapsed time after mixing Reaction time Elapsed time is large
— Intensity is large
9 Curing temperature Reaction rate in High temperature
— High strength

H.2 Soil material requirements
H.2.1 Dredged soil

H.2.1.1 Dredged soil can be used as a useful substance in sea areas, etc., as long as the
elution amount and content of harmful substances such as heavy metals are below a certain

standard.

H.2.1.2 To confirm the possibility of using dredged soil as Calcia modified soil, grasp basic

information on physical and chemical properties.

H.2.1.3 The characteristics of Calcia modified soil are greatly influenced by the properties of
dredged soil. It shall be conducted in advance by a compounding test using the dredged soil to be

applied.

H.2.1.4 Dredged soil can be used as a useful material, and there are no standards applicable
when using it. It conforms to the criteria applied when the dredged soil is landfilled on the sea
surface (judgment criteria for bottom sediment). It was decided to control the elution amount and
content of harmful substances in consideration of relevant laws and regulations and related

standards at the application destination.

H.2.1.5 The physical properties, the appearance, the density of soil particles, the natural water
content ratio, the water content ratio, the particle size composition, the liquid limit, the plastic limit,

and the wet density are confirmed. Regarding the particle size composition of dredged soil, the
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Table H.3 - Quality of dredged soil
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Category | Item Test method Criteria Remarks
Physical | Basic Appearance | Visually record
properties | properties | (color, appearance features and
shape, etc.) | odors such as color and
shape (particle size,
degree of particle size
variation, contamination
with  impurities).  Also,
take a picture whose
appearance can be
discerned.
Soil particle | Soil particle density test
density method
Natural Soil water content ratio
water test metho
content
ratio
Particle size | Soil particle size test Fine
composition | method particle
content: 20%
or more
Liquid limit, | Liquid limit / plastic limit | Check the
plastic limit | test method for soil plasticity
index IP
Wet Density | Soil Wet Density Test
Method
Chemical | Basic Ignition Bottom sediment survey It is a
property | properties | weightloss | method solidification
inhibitor and
needs
attention.
Hazardous | Judgment Judgment
substances | criteria criteria for
(elution items bottom
amount) related to sediment
bottom
sediment
Hazardous | Dioxins QCVNxxxx:202x 150 pg-TEQ / | Environmental
substances g orless standard
(content) (sediment of
the bottom of
the water)
H.2.1.6 When collecting the bottom sediment of the seabed with a mud collector or the like, the

water content ratio may be higher than that of the dredged soil collected by a grab dredger or the

like. Therefore, care must be taken when adjusting the water content ratio during the mixing test.

H.2.2 “Calcia modifier”

H.2.21

Calcia modifier is a material that has been subjected to component control and particle
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size adjustment using converter steelmaking slag as a raw material.

H.2.2.2 To grasp the basic information on physical and chemical properties in order to confirm

the availability of the Calcia modifier as a mixed material.

H.2.2.3 The main components of the calcia modifier are lime (CaO), silicon dioxide (SiO2), and
iron oxide (Fe2O3), which are similar to the chemical composition of cement and have alkaline and
weak hydraulic properties. The role as a solidifying material is played by the calcium content
present in the mineral layer such as free lime (f-CaO, Ca (OH);) contained in the lime content and
dicalcium silicate. Since the calcia modifier contains a large amount of iron, the particle density is
often higher than that of natural sand (about 2.6 g / cm?), and is generally in the range of 2.5 to 3.4

g/cmd.
H.2.3 Soil characteristics of Calcia modified soil

H.2.3.1 The strength of the calcia-modified soil changes depending on the mixing amount of the
calcia-modified material, the passage of time, the water content, and the like. The uniaxial
compressive strength of the Calcia modified soil at the age of 28 days is similar to that of the mixed
soil (lightweight mixed treated soil, mixed solidified soil in the pipe) produced by other construction

methods.
H.2.3.2 Calcia modified soil can basically be treated as cohesive soil (¢ material).

H.2.3.3 The unit volume weight of the calcia modified soil varies depending on the composition
such as the water content ratio of the dredged soil and the volume mixing ratio of the calcia

modified material.

H.2.3.4 The permeability coefficient of Calcia modified soil is about the same as the permeability

coefficient of silt to clay.

H.2.3.5 The relationship between the uniaxial compression strength of the Calcia modified soil
and the deformation coefficient is about the same as that of the mixed soil (lightweight mixed

treated soil, mixed solidified soil in the pipe) produced by other construction methods.

H.2.3.6 The relationship between the consolidation yield stress and the uniaxial compressive
strength of the Calcia modified soil is similar to that of the mixed soil (lightweight mixed treated sail,

mixed solidified soil in the pipe) produced by other construction methods.

H.2.3.7 Calcia modified soil can be regarded as a non-liquefaction material because it exhibits

the same dynamic behavior as a non-liquefaction material.

H.2.3.8 Calcia modified soil can be regarded as a material that basically does not have

swellability.
H.2.4 Formulation design

H.2.4.1 In the compounding design of Calcia modified soil, the quality required by the design and
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the fluidity at the time of construction are taken into consideration.

H.2.4.2 The following should be taken into consideration when designing the composition of the

modified Calcia soil.

1) After solidification, ensure the quality (uniaxial compressive strength) required by the
design.
2) In order to ensure workability, ensure the fluidity (flow value) of the Calcia modified soil

immediately after mixing.

H.2.4.3 The compounding study is carried out in two phases, a "preliminary compounding test in
the rough study stage" and a "blending test in the detailed study stage". The formulation design is

performed according to the procedure shown in Figure H.1.

Confirmation of design conditions and design
standard values

+ Applications

* Design standard strength quck

* Flow value

Setting of indoor compounding strength qul
qul = quck / ((1-av) * B)

a : Coefficient related to defect rate

3 : strength ratio

v : Coefficient of variation

Indoor compounding test

Selection of basic formulation

Figure H.1 - Formulation design procedure

H.2.4.4 Formulation design
1) Confirmation of design conditions and design standard values

When adopting Calcia modified soil, the composition is determined in consideration of the design
standard values (design standard strength, unit volume weight) set according to the design
conditions. Here, the design conditions include usage, shape, range, water depth, ground

conditions, environmental conditions, construction conditions, and the like.

The flow value of the modified Calcia soil is set in consideration of the application, construction

conditions, pumping characteristics, etc.

2) Setting the indoor compounding strength
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D  Setting design standard strength design values and characteristic values

The design standard strength value qucq for design is calculated by Eq. (H.1) according to the
required performance. With an appropriate partial coefficient yquc (usually 1.0) and a characteristic

value of design reference strength.
Qued = Yaue * Quck (H.1)
where
qucd: Design reference strength value for design
Yaque: Partial coefficient
Juek: Design standard strength characteristic value
@  Indoor compounding target strength

The uniaxial compressive strength of the Calcia modified soil is about 50 to 400 kN / m2 (age 28
days) when the volumetric mixing ratio of the Calcia modified material is 30%, based on the test

results so far.

However, the strength characteristics of Calcia modified soil are affected by the materials used,

construction conditions, environmental conditions, and so on.

Therefore, the indoor compounding strength of the calcia-modified soil is set after considering the
variations in the material (calcia-modified material and dredged soil) and the construction method
(volumetric mixing ratio of the calcia-modified material and the mixing property of each construction
method). .

Assuming that the on-site strength variation of the Calcia modified soil is normally distributed as
shown in Fig. H.2, the characteristic value quc« of the design standard strength is obtained by E,.
(H.2).

Quek = Qur—a * 0 = (1- * V) Qur (H.2)
where,
a: Coefficient obtained from the defect rate
o: Standard deviation
v: Coefficient of variation
Table-H.4 shows the relationship between the basic design strength and the defect rate.

Table H.4- Design standard strength and defect rate

Design standard Defective rate

a strength characteristic Px (%)
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value quck

0.5 quf-0.50 - 0o 30.9
0.67 quf-0.67 - o 25
0.8 quf-0.80-0c 20
1.0 quf-1.00 - o 15.9
1.3 quf-130 -0 10
1.5 quf—150 -0 6.7
1.65 quf-165-0 5

Assuming that the ratio of the indoor compounding strength qul and the field average strength quf
is the intensity ratio B (site average strength / indoor compounding strength), the indoor

compounding strength is calculated by the formula (H.3).

Qu = duf/ B (H.3)

@  On-site strength variation (coefficient of variation v) and strength ratio

The measured values of the coefficient of variation v and the strength ratio B (on-site average
strength / indoor compounding strength) in the Calcia modified soil as show in Table H.5. The
strength of the modified Calcia soil constructed at the site varies depending on the construction
method, mixing agitation degree, construction environment, and the like. It is desirable to obtain
the coefficient of variation v and the strength ratio § by test construction. However, if it is difficult to
carry out test construction, the values of the coefficient of variation v and the strength ratio 8 in

Table H.5 can be referred to.

Table H.5- Coefficient of variation v and strength ratio B of Calcia modified soil

Example of coefficient of variation v and strength ratio Calcia
B due to construction method of Calcia modified soil Pneumatic modified
Cont!nuous . . Backhoe flow mixing soil setting
mixer Pneumatic flow mixing o method
L mixing value
mixing
Coefficient 0.4
of variation ' 0.23 0.40 0.27 0.35 0.35
v
Intensity
ratio B 1.0 0.66 0.65 0.55 0.5 0.5
(strength
ratio)

The set values of the coefficient of variation v and the strength ratio § of the Calcia modified soil

shown in Table H.5 may be revised due to the accumulation of construction data in the future.
3)  Mixing conditions and mixing test

The compounding test is carried out according to the H.2.5.2 compounding test method. As the
compounding conditions, the volume mixing ratio of the calcia modifier, the water content ratio of
the dredged soil, the age of the material, etc. are set. If there is concern about the influence of air
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temperature during construction, the curing temperature will be added to the compounding
conditions. In the compounding test, the fluidity immediately after mixing and the strength after

solidification of the modified Calcia soil are measured.
After conducting the compounding test, the following items will be summarized.

. Relationship between volumetric mixing ratio of Calcia modified material and uniaxial

compressive strength of Calcia modified soil

. Relationship between the volume mixing ratio of the Calcia modified material and the flow

value immediately after mixing the Calcia modified soil
4)  Selection of basic composition

Utilizing the results of the compounding test, select the basic compounding at the time of

construction.
H.2.5 Indoor compounding test

1)  In the indoor compounding test, the compounding test is carried out using the materials

actually used.

2)  The volume mixing ratio of the Calcia modified material in the indoor compounding test shall
be the actual volume of the Calcia modified material with respect to the volume of the Calcia

modified soil.

3)  The fluidity of Calcia modified soil in the indoor compounding test must be determined in

consideration of the construction method.
H.3 Performance Verification
H.3.1 General matters

H.3.1.1 Calcia modified soil shall be designed so as to satisfy the functions specified according

to the application.

H.3.1.2 Calcia modified soil is a ground material that has been stably treated by mixing
dredged soil with a calcia modified material, and basically the soil design method can be used for

designing.
H.3.2 Performance verification procedure

The design of the modified Calcia soil should be carried out according to the appropriate procedure

according to the application.
H.3.3 Soil constants of Calcia modified soil

The soil constant of the Calcia modified soil used for the design will be set appropriately by
conducting surveys and tests on the dredged soil and the Calcia modified soil in consideration of

the application and construction method.
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H.3.4 Operation

In designing, the "action" should be evaluated appropriately in consideration of natural conditions

and usage conditions.
H.3.5 Performance check

H.3.5.1 Appropriately check from the following items according to the use of Calcia modified

soil.

(1) Performance check against sliding

(2) Performance check against the bearing capacity of the foundation ground
(3) Performance check for slope stability

(4) Performance verification against consolidation settlement

(5) Performance verification against liquefaction

(6) Performance check against rolling up of modified Calcia soil

H.3.5.2 Depending on how the Calcia modified soil is used, the amount of consolidation
settlement may be a problem. In this case, it is confirmed that the predicted value of the long-term
consolidation settlement amount set in consultation with the concerned parties from the viewpoint

of land use should be less than the allowable settlement amount.
H.4 Environmental Safety Review

H.4.1 The environmental safety of Calcia modified soil will be examined by an appropriate method.

The performance check items for the environmental safety of Calcia modified soil are as follows.
1) Safety against environmental impact (hazardous substances)
2) Safety against pH effects

H.4.2 Safety performance verification against environmental impact

Regarding the environmental impact, it is confirmed that the environmental standard required for

the environment using the modified Calcia soil is satisfied.
H.4.3 Safety performance verification against pH effects
1) The safety of the modified Calcia soil against pH is standardized by checking by testing.

2) The pH effect of the modified Calcia soil at the construction stage will be confirmed by
monitoring at the time of construction (pH measurement at the on-site environmental

monitoring point).
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