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1.0 (H/h<0.3)
A ={12-2(H/n)3 (03<H[h<0.6)

0.8 (H/h>0.6) (5.4.55)
P=X
2 =0

In the breaker zone, where breakwaters covered with wave-dissipating concrete blocks are generally
used, the above equations give A1 =A3 = 0.8.

5.4.12.6 Wave Force Acting on Submersed Members and Isolated Structures

a) When the structural members of small size than the wavelength (D=0,2L = 0,33L)

Structural members such as piles that have a small diameter relative to the wavelength hardly disturb
the propagation of waves. The wave force acting on such members can be obtained using the
Morison’s formula as shown in equation (5.4.56), in which the wave force is expressed as the sum of a
drag force that is proportional to the square of the velocity of the water particles and an inertia force that

is proportional to the acceleration.
fa =3 Co.p0.[].D.AS + Cu.po.@y A.AS (5.4.56)
Where:

f,: force that acts on a small length AS (m) in the axial direction of the member, where the
direction of this force lies in the plane containing the member axis and the direction of motion of
the water particles and is perpendicular to the member axis (kN)
U, a, : components of the water particle velocity (m/s) and acceleration (m/s?), respectively, in
the direction perpendicular to the member axis that lies within the plane containing the member
axis and the direction of motion of the water particles (i.e., the same direction as f,) (these
components are for incident waves that are not disturbed by the presence of member)
|w,|: absolute value of u,, (m/s)
Cbo : drag coefficient ( Table 5.4.10)
Cw : inertia coefficient ( Table 5.4.9)
D : width of the member in the direction perpendicular to the member axis as viewed from the
direction of f,,(m)
A : cross-sectional area of the member along a plane perpendicular to member axis (m?)
pPo : density of seawater (normally 1.03t/m?3)

Table 5.4.9 Inertia Coefficient Cm
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Shape of the object Basic volume Inertia coefficient
Cylinder f ?If %DEL 20 (¢=D)
e
Regular
; —’WT‘ D 2.19 (£>D)
prism ‘7 p
= ple—
D 3
Cube @I D 1.67
p D
N 3
Sphere ——{ 12 it s 1.5
NS
6
™~ When D /£ =1. 0.61
Flat —— "
: *';q £ —D£ When D /¢ =2, 0.85
ate T
= D When D/ =00, 1.00

(Draft)

In general, the drag coefficient for steady flow can be used as the drag coefficient Cp for wave force.

Note however that the drag coefficient varies with the shape of the member, the surface roughness, the

Reynolds number Re, and the separation distance between neighboring members. It also varies with

the Keulegan- Carpenter number (Kc number) because the flow is of oscillating nature. It is necessary

to consider these conditions when setting the value of drag coefficient. For a circular cylindrical

member, it is standard to set Cp = 1.0 if the finite amplitude properties of the waves are fully

considered. For an unmanned structure, a lower value may be used if its value is based on the results

of model tests matched to the conditions. Even in this case, however, Cp should not be set below 0.7.

Note also that when estimating the water particle velocity by an approximate equation, it is preferable to

use a value for the drag coefficient that has been adjusted for the estimation error in the water particle

velocity. drag coefficient values for steady flow in Table 6.5.1 in OCDI 2009 may be used.

Note: In addition to using formula Morison (5.4.56), can refer to in TCVN 8421: 2010.
Table 5.4.10 Drag coefficient Cp

Shape Projected area Drag coefficient
Circular cylinder 2 D¢ 1.0 >D)
(rough surface) —— )™ < '
= —|D |
thl?;ﬁ:lar ﬁ B 2000 >B)
£ 73
—
Circular disc R '( \‘IT” ED 2 1.2
— L 1
alb= 1—1.12
= [ alb= 2 —1.15
— i i
Flat plate — ab alb= 4 —1.19
atplate : ’) afb=10 —1.29
== alb=18 — 1.40
alb= 20 — 2,01
" T2 <
Sphere — =D" 0.5~0.2
. —\_/ )
—_— _f?
Cube _ L i Bz 1.3~1.6
Foth

b) When large structures D = L
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MacCamy-Fuchs va Goda-Yoshimura (OCDI 2009)

5.4.12.7 Wave Force Acting on Structure Located near the Still Water Level

Uplift Acting on Horizontal Plate near the Still Water Level

If the bottom face of the plate is flat, the impulsive uplift acting on a horizontal plate near the still water
level varies with the impact (uprising) velocity of the wave surface and the angle between the wave
surface and the plate. As shown in Fig. 5.4.35 (a), when there is an angle between the wave surface
and the plate, the wave surface runs along the bottom face of the plate and the wave pressure
distribution becomes as shown there. The distinct feature of the wave pressure in this case is its rapid
rise in time. On the other hand, when the angle between the wave front and the plate is close to 0, as
shown in Fig. 5.4.35 (b), a layer of air is trapped between the wave surface and the plate, and
compression of this layer of air results in the almost uniform wave pressure distribution. The distinct
feature of the wave pressure in this case is its oscillation in time with having a short period and

damping.

(a) <‘7\
=

Pressure distribution

(b)

i
I

Prassure distribution
ﬁWave impact
Fig. 5.4.35 Impact between Wave Front and Horizontal Plate
a) Uplift Acting on Horizontal Plate with Flat Bottom Face (with standing waves)
Goda thought of the uplift acting on a horizontal plate as being the force arising from the sudden
change in the upward momentum of wave surface by its collision with the plate. Using von Karman’s
theory, he obtained the following formulas for calculating the uplift from standing waves acting on a

horizontal plate

— Pod 2th  ,H S’

(5.4.57)

HZ
§'=5- m—-coth (5.4.58)

L
where

P : total uplift (kN)
§ : correction factor (c6 thé Iy & = 1,0 khi¢; < 2)
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po . density of seawater (1.03 t/m?3)

. gravitational acceleration (9.81 m/s?)

: wave height of progressive waves (m) (generally the highest wave height Hmax)
: wavelength of progressive waves (m)

: extension width of plate perpendicular to wave incidence (m)

> W I @

: water depth (m)

s : clearance of the plate above the still water level (m)

s’ : clearance of the plate above the level corresponding to the middle of the wave crest and
trough (m)
b) Uplift Acting on Open-type Wharf
Ito and Takeda have conducted scale model tests of open piled marginal wharves (open-type wharves)
to obtain the uplift acting on an access bridge, and its minimum weight to prevent moving and falling.
Pk = pog (8H — 4.55) (5.4.59)
Where:
Px: mean peak value of the intensity of uplift (kN/m?)
po: density of seawater (1.03 t/m?3)
g: gravitational acceleration (9.81 m/s?)
H: incident wave height (m) (Hmax)
S:: distance from the water level to the underside of access bridge (m).
c) Calculation of uplift by progressive waves
Uplift Acting on Superstructure of Detached Pier (with progressive waves)
Pk = 2pogH (5.4.60)
Px: characteristic value of the mean peak value of the intensity of uplift (kN/m?)
5.4.12.8 Wave Force Acting on Sloping Breakwater
Note: refer to in TCVN 8421: 2010.
5.4.12.9 Wave Force Acting on types of structures different
a) Wave Force Acting on floating
The floating bodies used as port and harbor facilities can be divided into floating terminals, offshore
petroleum stockpiling bases, floating breakwaters, mooring buoys, and floating bridges. Moreover,
researches for development of extra large floating structures (mega-float) are being carried out:

Catenary mooring, Dolphin mooring, Taut mooring, Mooring by universal joint.
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Mooring anchor Dolphin
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(a) Catenary mooring (b) Dolphin mooring
W.L. -2 Damper
! g =l
Universal joint
(c) Taut mooring (d) Mooring by universal joint

Fig. 5.4.36 Examples of Mooring Methods for Floating Body

Heaving l

Yawing

Rolling /
S

urging

Pitching

Swaying

Fig. 5.4.37 Components of Vesel’s motion
When a port or harbor facility is made of a floating structure, it shall be standard to take the following
forces in design calculation: wind drag force, current drag force, wave-exciting force, wave-drift force,
wave-making resistance, restoring force, and mooring force. These forces shall be calculated by means
of an appropriate analytical method or hydraulic model experiments, in accordance with the mooring
method for the floating body and the size of facility..
5.4.12.10 Wave Force Acting on Embankment the coast and Islands
Note: refer to in TCVN 8421: 2010.

5.4.13 Ship Waves

In canals and navigation channels, it is desirable to examine the influence of waves generated by
moving vessels. If ship waves are viewed from top, it appears as shown in Fig. 5.4.38, it is composed

of two groups of waves: waves spread and transverse waves
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Fig. 5.4.38 Plan View of Ship Waves

(Solid lines show divergent waves and dotted line show transverse waves)

1) The wavelength of the transverse waves can be obtained by the numerical solution of the following
equation, which is derived from the condition that the celerity of the transverse waves must be the same

as the velocity at which the vessel is sailing forward.

gz—s:tanh% = V2 (v6i provided V <,/gh ) (5.4.61)

where:
Ly : wavelength of transverse waves (m)
h: water depth (m)
V: sailing speed of vessel (m/s)
Note however that when the water is sufficiently deep, the wavelength of the transverse waves is given

by the following equation:
Lo = %” V2=0,169 V2 (m) (5.4.62)

Vi : sailing speed of vessel (kt) Vi =1,946 V (m/s)
Lo : wavelength of transverse waves at places where the water is sufficiently deep (m)
2) The period of the transverse waves is equal to the period of progresseive waves with the

wavelength L; (or Lo) in water of depth h. It is given by equation:

Ti= |2 Lecoth(2) = T, coth(32) (5.4.63)
g L¢ L¢

To = %“ V = 0,330 Vi (5.4.64)

Where:
T: period of transverse waves in water of depth h (s)
T, period of transverse waves at places where the water is sufficiently deep (s)
3) The wavelength and period of the divergent waves are given by equations (5.4.65) and (5.4.66),
which are derived from the condition that the component of the vessel’s speed in the direction of travel
of the divergent waves must be equal to the velocity of the divergent waves.
L¢ = Li.cos? (5.4.65)
Tg=Ti.cos 6 (5.4.66)
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0: angle between the direction of travel of the divergent waves and the sailing line (°) 6 = 40° +
55°
4) V=< 0,7\/@ This shoaling effect on ship waves may be ignored if the following condition.
Table 5.4.11 Conditions under Which Ship Waves Can Be Regarded as Deepwater Waves

Speed of vessel | Vi (kt) | 5,0 7,5 10,0 |125 |(150 17,5 |20,0 |250 |30,0

Water depth h(m) 1,4 3,1 55 8,6 124 16,9 | 22,0 |344 |49,6
Period of
transverse To(S) 1,7 2,5 3,3 41 5,0 5,8 6,6 8,3 9,9
waves

5) Height of Ship Waves:

— (Ls~1/3 Expw . - -
Ho = ()" |Teaorov; M) i Ho=1,0+2,0m (5.4.67)

where
Ho: characteristic wave height of ship waves (m), or the maximum wave height observed at a
distance of 100 m from the sailing line when a vessel is sailing at its full-load cruising speed
Ls : length of the vessel (m)
Vi : full-load cruising speed (kt)
Enpw : wave-making power (W)
Hmax = Ho ()12 (797 (5.4.68)
Where:
Hmax : maximum height of ship waves at any chosen observation point (m)
s : distance from the observation point to the sailing line (m)
Vi actual cruising speed of the vessel (kt)
The upper limit of the height of ship waves occurs when the breaking criterion is satisfied; this criterion
is expresed as the steepness Hmax/L: Of the highest divergent wave being equal to 0,14. If the angle
between the wave direction and the sailing line is assumed to be 6 = 50° at the point on a divergent
wave where the wave height becomes largest, the upper limit of the wave height at any given point is
given by equation (5.4.69). This also assumes, however, that the conditions for deepwater waves are
satisfied.
Himi= 0,010 V2 (m) (5.4.69)
Himit :upper limit of the height of ship waves as determined by the wave breaking conditions
(m)
6) Wave Pressure of ship Acting to reinforcement structural of canal bank is determined such as
provided in TCVN 9901:2014.
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5.4.14 Tsunamis

The following tsunami parameters shall be considered: the highest water level, the lowest water level,
the water level deviation (rise of water level by tsunami above the astronomical tide), the tsunami wave
height, and the tsunami period. These parameters shall be determined using an appropriate method, by
referring to the measured data (taken over as long a period as possible) and the heights of tsunami
runup traces during past disasters.

Highest water level

Tsunami height

Mean water level

v

Tsunami Estimated tide level
First tsunami arrival time wave height

DL

Fig. 5.4.39 Tsunami Terminology
1) The wave force of tsunami is given as the wave force of a long wave
C=,/gh (5.4.70)

where

C : wave celerity (m/s)

g : gravitational acceleration (m/s?)

h : water depth (m)
2) Transformation of Tsunamiin a Bay
The most important types of transformations that a tsunami undergoes in a bay are the increase in
wave height and flow velocity caused by the decrease in the cross-sectional area toward the end of
bay, and the increase in wave height induced by seiche in the bay.
Under the assumption of small amplitude waves, the influence of the change in cross-sectional area

may be calculated approximately using Green’s equation (equation (5.4.71)).
Hz_(b1y1/2 (hay1/4
H1 (bz) '(hl) (5.4.71)
where
H1 : height of long waves for a cross section with the width b, and the water depth hy (m)

H> : height of long waves for a cross section with the width b, and the water depth ha (m)

3) Tsunami Wave Force: Tsunami wave force on an upright wall may be determined as in Fig. 5.4.40
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Fig. 5.4.40 Description of the Tsunami Wave Force

n* =3.a1 (5.4.72)
P1=22p, .g.a (kN/m?2) (5.4.73)
Py =P (kN/m?) (5.4.74)

a; : incident tsunami height (m)
For a non-breaking type of tsunami, the tsunami wave height H may be related to the incident tsunami

height as follows:

H=2a (5.7.75)
4) Fluid Velocity of Tsunami
=N _ g

u=-—= r].\/; (5.7.76)

where:

n : sea surface deviation due to the tsunami (m)

C : wave celerity (m/s)

h : water depth (h)

g : gravitational acceleration (m/s?)
5.4.15 Seiche Waves
1) Seiche is a phenomenon involving abnormal oscillations of the water level with a period of
approximately a few minutes to a few tens of minutes. It occurs when small fluctuations of the water
level are generated by a microscale variations of the atmospheric pressure by an air front or a low in
the outer sea, and the components of these oscillations whose period is the same as a natural period of
the harbor are amplified through resonance. Depending on the topography, the amplitude of these
fluctuations may be anything from a few tens of centimeters up to around 2m. When seiche occurs in a
harbor, even if the wave height is only a few tens of centimeters, the long wavelength results in a great
deal of water movement in the horizontal direction, which can cause severe problems to moored

vessels and cargo handling work. Seiche is particularly liable to occur in an artificially excavated harbor,
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which is long and narrow in shape and surrounded by quaywalls. It is thus desirable to investigate the
effects of seiche when drawing up a harbor plan. This can be done using say a numerical calculation,
whereby incident waves with the period from a few minutes up to around one hour are inputted, and
then the amplification factor for these waves in the harbor is calculated. Small long waves in the outer
sea may have an amplitude of the order of a few centimeters. It is desirable to avoid such the shape of
a harbor that the amplitude of long waves may be amplified by ten times or more within the harbor.

2) Natural Periods:

=_ 4 54.77
Tw (2n+1),/gh ( )

where

Tw : natural period (s)

[ : length of bay (m)

n : number of nodes in the bay (0, 1, 2,...)

h : mean water depth in the bay (m)

g : gravitational acceleration (m/s?) (= 9.81m/s?)

In an actual bay, not only does the seawater within the bay oscillate in a periodic fashion, but the water
of the open sea around the bay entrance also oscillates somewhat. It is thus necessary to make a
correction to the natural period with equation (5.4.78) of the following:

— (5.4.78)
Tw a@

where

h : mean water depth in the bay (m)

a : bay entrance correction factor, as obtained from the following equation
| : length of bay (m)

b : width of bay (m)

Table 5.4.13 lists the values of the bay entrance correction factor a calculated for different values of b/l.

Table 5.4.13 Bay Entrance Correction Factor

b/l 1 1/2 1/3 1/4 1/5 1/10 1/25

a 1,132 1,261 1,217 1,187 1,163 1,106 1,064

a) When the harbour long, narrow channel one-dimensional form, not connected with the sea:

_ 2 5.4.79
Tu= (5.4.79)

b) When the harbour type rectangular:
The natural periods of a rectangular harbor that has a narrow entrance may be calculated

approximately with the following equation:
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2:.,n m 2
Tw == [(F)? + (2)] 12 = —nrx (5.4.80)
L [gh(C2 + (2
n: number of nodes in the harbor in the length direction (0, 1, 2, ...)
m: number of nodes in the harbor in the width direction (0, 1, 2, ...)

C=,/gh

¢) When the harbour type circle, radius r:

=2 5.4.81
Tw £,C ( )
fo: Coefficients corresponding to the node number.

When the:

nm=1;, f,=12197

nm=2;, f,=2,233

nm=3;, f,=3,2383.
5.4.16 Swell wave
Swell wave outside regions generating is exotic phenomenon and terrifying especially for the
transportation ship, because unexpectedly erected a huge wall of water to collapse into the sea and
disappeared. Swell wave phenomenon usually occurs in the oceans, wide sea when the height of swell
wave up to 25, 30, 50m. In the rare sea swells. The controversy of swell wave phenomenon, then it is
still stalking the ship transoceanic should have to continue to observe, interpret and trying to overcome.
It is also the duty of any country is a sea country like Vietnam.
5.5 Water Currents
5.5.1 The Flow of Sea Water in Coastal Zone
Flow of water in the sea or others shall be appropriately defined in terms of the current velocity and
direction based on field measurements or numerical computation. In the performance verification of
facilities subject to the technical standards, when combining the flow of sea water, with other actions,
out of all the possible flows of sea water that have a high probability of occurring simultaneously with
other actions, specify the current velocities and current directions that would be the severest conditions
from the viewpoint of the stability of the target facilities.
Movements of sea water are superpositions of currents that have various periods, caused by different
natural actions, and their current velocities and current directions are greatly affected by topography
and structures, and change in complicated ways both in space and in time. Movements of sea water
cause sediment on the sea bottom to move, causing problems such as siltation in navigation channels
and basins and scouring of the area around facilities. Also, the flow of sea water due to coastal
development can cause wide-scale changes in the natural environment, such as water quality,
sedimentation changes, and biological changes.
With regard to their origins and their scales over time and space, flows of sea water are classified as

ocean currents, tide currents, wind-driven currents, density currents, and nearshore currents. These
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currents are greatly affected by maritime meteorological and geological conditions, showing flow
patterns that are unique to specific regions of the sea.

5.5.2 Estuarine hydraulics

Influence of estuarine hydraulics shall be assessed with appropriate methods by taking into account the
river flow based on field measurements or numerical computation.

Effects of estuarine hydraulics include such factors as tides in rivers, river runoff, density currents at
river mouth, waves entering into river mouth, and siltation. Their evaluation shall be performed
appropriately taking into account of the action from the seaside on estuaries, the river flow and sand
discharge from rivers.

1) General

The range over which to define estuarine hydraulics is not necessarily clear, and if it is broadly taken as
the area over which fresh water and sea water interact then that is a large area extending from the limit
of tidal influence in the upstream river to the mouth of the bay. However, from the viewpoint of actions
and effects that are related to port facilities, the estuarine area is generally defined as extending from
the upstream point where salt water reaches by average tidal motion to the front portion of the estuarine
terrace that is composed mainly of sand expelling during floods (hereafter this will simply be called the
estuarine areas). In the estuarine area, in addition to actions such as tidal currents, tide motion, waves,
and nearshore currents, there are also river current fluctuations from the seaside, such as the outflow of
river flood or drought. As the state of water motion and water density change, there are complex
hydraulic phenomena such as density currents, and sediment movement phenomena such as chemical
flocculation and settlement. In an estuarine area, organisms live in a fine balance of the physical
environment and chemical environment, and the natural environment and biological environment in the
estuarine area can easily be influenced by human activities, so that the development of facilities
requires sufficient study and continuous monitoring of such influences.

2) Tidal Motion, Waves, and Water Currents in an Estuary

In an estuary there are complex hydraulic phenomena as a result of the mixture of the actions such as
tidal level fluctuation and tide currents caused by tide motion, water level rises due to waves, and
fluctuation of nearshore currents. There are still many issues to be resolved to take all of these factors
into account in calculating the movement of water, but with regard to the intrusion of tidal currents into
river channels, owing to factors such as the river bed slope and the river current, the duration of flood
tide is shorter, and that of ebb tide is longer, so that the maximum and minimum values of the current
velocity and discharge occur later than the times of high and low water. These various phenomena vary
in time and space in accordance with the location of the river mouth, its shape, and the hydraulic
capacity of the river and outer sea. In general, the current at the river mouth can be characterized as
follows.

The current is strong when the river flood, so that the gradient current of the river is predominant, which

is a uniform flow.
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d) When the river is ordinary water, the characteristics of the water flow are complicated because that
tidal currents and density currents add into the gradient current.

During times of drought the tidal current characteristics take precedence. However, in estuaries where
the tidal range is small, the tide current is not so strong, and the density current characteristic is
intensified.

e) In estuaries where the tidal range is large, the tide current characteristics tend to predominate.
Density Currents at River Mouth

In an estuary, where river water meets sea water, the sea water penetrates the lower layer of the river
water due to the difference in their densities, and there is a mixing of their flows in order to achieve
dynamic equilibrium. These flows are called ‘density currents at river mouth’. They are divided into
three main types, called weakly mixing, moderate mixing, and fully mixing, depending on how the
density layers form in the river water and sea water. However, in fact, this changes depending on the
time of the tides and the season.

3) Waves Entering into River Mouth

When waves enter an estuary, the waves are transformed by the effects of the topography and the river
currents. The wave height increases due to refraction and concentration caused by the topography of
the estuarine terrace and due to wave shoaling. The wave propagation is reduced by the river currents
that oppose the direction of wave propagation, increasing the wave height. As the incident waves
whose height has been increased run up the river channel, they are attenuated by the wave breakings,
the bottom friction, and turbulent flow. Also, when the river current is extremely fast, the waves are
unable to run up against the current.

4) Currents in an Estuary and Sediment Movement

The sediment within the estuary of a bay is mostly sand, containing small particles of substances such
as clay and silt. The sediment moves under the action of wave motion, forming characteristic tidal flats,
sand spits, river mouth terraces, and bars in the estuary. Such movement of sand is called littoral drift.
Also, the fine particles are widely dispersed as they are suspended in the currents, accumulating in
calm areas such as waterways and basins, or in places of slower currents in the harbor, causing
problems for port facility maintenance and environmental management.

In places where there is a large accumulation of fine particles, the movement of high density mud and
accumulation of mud due to sediment cohesion is specifically called ‘siltation’. The main difference
between ‘siltation’ and ‘littoral drift’ is that mud flocculates through mixing with sea water in the estuary,
which greatly changes its settling characteristics. Also, the mud that deposit to the sea bottom are
capable of changing into a very hard sediment through consolidation over a long period of time. Their
ability to be stirred up by the action of waves and water movement is affected by factors such as mud
characteristics, the salt content of the sea water, the texture, the water content, and the organic
material content, all of which change with time after deposition. These characteristics of mud make

difficult to solve problems caused by siltation.
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5.5.3 Littoral Drift

Influence of littoral drift shall be assessed by appropriate methods based on field measurements or
numerical prediction.

The evaluation of the effect of littoral drift appropriately takes into account factors such as the sediment
grow size, the threshold depth of sediment movement, the longshore sediment transport rate, and the
predominant direction of longshore sediment transport.

1) General

a) When port facilities are to be affected by the littoral drift phenomena, characteristic values of littoral
drift shall be established appropriately for sediment grain size, threshold depth of sediment movement,
longshore sediment transport rate, and predominant direction of longshore sediment transport.

b) Littoral drift refers to either the phenomenon that the sediment composing a sea coast or lakeshore
is moved by the actions of some forces such as waves and currents, or material itself that is moved by
the above processes.

c) Although the movement of sand by winds and the sand itself that is thus moved are referred to as
the wind-blown sand, in the broad definition the littoral drift is also considered to include wind-blown
sand at beaches.

d) Sediment that forms a beach is supplied from nearby rivers, coastal cliffs, and the adjacent
coastline. The sediment is exposed to the actions of waves and currents during the supply process or
after it has accreted on the beach. This is why the sediment shows characteristics that reflect the
characteristics of external forces such as waves and currents. This is referred to as the sediment
sorting action by external forces.

e) As a natural beach is repeatedly subjected to process of erosion when storm waves attack and that
of accretion during periods when waves are moderate, it achieves a relatively balanced topography
over a long period. This balance may be lost by a reduction in the supply of sand owing to river
improvements, by changes in sand supply conditions following construction of coastal structures, and
by changes in external forces such as waves and currents. Then beach deformation will occur as the
beach moves toward new equilibrium conditions. When building structures such as breakwaters, groins,
detached breakwaters, and training jetties, careful attention should be paid to the changes that the
construction works will bring about in the balance of the beach. Topographical changes that might be
induced by a construction project should be sufficiently investigated in advance. In addition, careful
attention should be paid to the deformation conditions of the beach both during construction and
following completion of any structure, and appropriate coastal protection countermeasures are
recommended to be taken any time when there are concerns about the possibility for disaster triggered
by coastal erosion.

f) When waves approach a coast from offshore, the movement of water particles near the sea floor
does not have the force to move the sediment in places where the water depth is sufficiently deep. At a
certain water depth, however, the sediment begins to move. The water depth at this boundary where

sediment begins to move is called the threshold depth of sediment movement. Sato " studied the
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movement of sediment by placing radioactive glass sand on the sea floor and investigating the
distribution of their movement. From this study, he defined two conditions that are called the surface
layer sediment movement and the total sediment movement, respectively. He applied the former term
to the situation in which the sand in the surface layer on the sea floor is moved collectively in the
direction of wave movement. The latter term he applied to the situation that the sand shows striking
movement with a distinctly visible change in water depth.

g) Longshore sediment transport rate refers to the rate of littoral drift in the direction parallel to the
coast that is caused by waves obliquely incident to a coast.

h) Longshore sediment moves in either the right or left direction along a coast, corresponding to the
direction of incoming waves. The direction with the larger volume of movement during a year is called
the predominant direction.

i) Littoral drift parallel to the coastal line is called longshore sediment transport. In the long term, the
topographical changes due to longshore sediment transport are often irreversible. For example,
considering topographical changes near a groin, if waves come in from the right side, looking out
toward the sea from the coast, there will be accumulation on the right side of the groin, and erosion on
the left side. Or, if the waves come in from the left side then the opposite topographical change occurs.
Taking the direction perpendicular to the coastline as a standard, it is the case for most coasts that the
energy of the waves coming in from the right is not equal to the energy of the waves coming in from the
left, but rather one of them usually predominates. For example, if the average energy of the waves
coming in from the right is larger than that of the waves coming in from the left, then even though the
right side of the groin sees repeated accumulation and erosion, eventually the amount of accumulation
will grow, while the erosion will increase on the left side of the groin. Therefore, the topographical
changes due to longshore sediment transport can be called irreversible, so that when building port or
seacoast facilities it is desirable to first understand the predominant direction of the longshore sediment
transport for that coastal, as well as the longshore sediment transport rate, so as to be able to estimate
the degree of coastal deformation in that area.

j)  Coastal Topography

- Terminology for various sections of a beach profile

Typical sections of a sandy beach are defined with the terminology shown in Fig. 5.5.3.1. The
"offshore" is the area on the offing where normal waves do not break, and in many cases the bottom
slope is comparatively gentle. The "inshore" refers to the area between the landward boundary of the
offshore and the ebb tide shoreline, where waves break and longshore bars or steps are formed. The
"foreshore" is the zone from the ebb tide shoreline to the location where waves will reach normally, and
the "backshore" is the zone from the landward boundary of foreshore to the coastline, where waves will
reach during stormy weather with the rise of water level.

The names shown along the top row of Fig. 5.5.3.1 classify regions based on the type of sediment
movement. In the surf zone the sediment is suspended due to the action of large eddies generated by

breaking waves and carried in sand clouds of high density. As for the littoral drift in the swash zone,
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when the wave is uprush the sand is lifted up and carried by the agitation at the front edge of the
running-up waves, but when the wave is downwash the agitation on the sea bottom predominates and

the sediment is carried as bedload.

Swash zone Surf zone Offshore zone
Coast Shore Inshore Offshore
Backshore Eﬁ’;ﬁ;

Storm
berm

Chff
Ordinary
berm

Ebb tide shoreline

Wave breaking point

,L}.ligh tide shoreline

Beach scarp Mean high water level

\/_\_5\_/\

Mean low water level

Longshore bar

Fig 5.5.3.1 Terminology of Beach Profile
- Topography of sandy beaches such as longshore bars
A longshore bar is the most distinctive topographical feature of a sandy beach, around which
interrelated sandy beach cross-sections form. Viewing the shape of a coastal sandy beach horizontally,
it is either long and linear, roughly parallel to the shoreline as in Fig. 5.5.3.2 (a), or a repeating arch as
in Fig. 5.5.3.2 (b). In particular, the latter type of coastal sand bar is called a crescentic bar. Also, a
coastal sand bar often forms multiple stages in a sequence leading out to sea, in which case it exists on

a large scale as an offshore sand bar.

Fig 5.5.3.2 (a) Long shore Bar Hinh 5.5.3.2(b) Crescentic Bar
- Foreshore topography
As shown in Fig.5.5.3.3, when there is continued calmness a nearly horizontal area forms in the
foreshore, somewhat higher than the high tide level, sometimes slanting on the side toward the land.
This topography is called a berm. When conditions are rough the berm is eroded, forming the sand bar
called an inner bar near the position of the last breakers. Inner bars dissipate the wave energy when
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waves break upon them, and therefore are thought to prevent further erosion of the foreshore. The
sediments of the inner bars that form during rough conditions gradually return to the foreshore when it

is calm, and the foreshore eventually returns to its condition prior to the rough period.

Berm

calmness wiﬁ
\'%HL'J' _Inner bar

-
‘-

Fig 5.5.3.3 Forshore Topography
k) Form of Littoral Drift Movement
Littoral drift is classified into three categories of bedload and suspended load, and sheet flow according
to the modes of sediment movement.
- Bedload: littoral drift that moves by tumbling, sliding or bouncing along the surface of the sea floor
through the direct action of waves and currents.
- Suspended load: littoral drift that is suspended in seawater by turbulence of breakers and others.
- Sheet flow: littoral drift that moves as a layer of high density flow near the bed surface
Shallow water zones can be classified into three regions as shown in Fig. 5.5.3.4, depending upon the
physical properties of waves that provide the external forces for the littoral drift phenomenon. The
dominant mode of the littoral drift movement can be understood in details in Sub-ltem (10), page 182,
OCDI 2009.
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Fig 5.5.3.4 Changes in Sediment Movement Modes in Cross — Shore Direction

I) Physical Meaning of and Estimation Formulas for the Threshold Depth of Sediment Movement
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In respect of the threshold depth of sediment movement which is required to determine the extension of
breakwater or the water depth at the head and the offshore boundary of beach deformation, Sato and
Tanaka conducted a number of field surveys using radioactive glass sand as a tracer. Based upon their
observed results they defined the littoral drift movement conditions as follows.

- Surface layer sediment movement:

As shown in Fig. 5.5.3.5 (a), the elongation of the isocount lines that show the distribution of radioactive
glass sand after waves acted upon it on the sea floor demonstrates that all of the sand has moved in
the direction of the waves. But the location of the highest count remained at the injection point of glass
sand, indicating no movement. This corresponds to a situation in which the surface layer sand is moved
collectively by traction, parallel to the wave direction.

- Total sediment movement:

- As shown in Fig. 5.5.3.5 (b), this refers to a situation in which both the isocount lines and the portion
of the highest count move in the wave direction. This corresponds to a situation of distinct sand
movement with the result of apparent change in water depth. The threshold depth of total sediment

movement is often used as the threshold depth of sediment movement for engineering purposes.

Waves \ Waves
Input point \\k Input pomt
=N -

N

Isocount line

Highest count :
Highest count

Isocount line

(a) Surface layer sediment movement (b) Total sediment movement

Fig 5.5.3.5 Spread of Radioactive Glass Sand in Surface Layer Sediment Movement and Total
Sediment Movement
Based upon the field data, two equations are proposed by Sato and Tanaka for estimating the threshold
depth of surface layer sediment movement and that of total sediment movement.
- Threshold depth of surface layer sediment movement

H, (d)" . 2rh H, (5.6.3.4)
N sinh

H

- Threshold depth of total sediment movement

g (5.6.3.5)

—L2 =240
L,

i \ gt

PR 27h H,

sinh —
H

Where:
Lo : deepwater wavelength (m)
Ho : equivalent deepwater wave height (m)
L : wavelength at water depth hi (m)
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H : wave height at water depth hi (m)

d : sediment grain size, average grain size or median diameter (m)

h; : threshold depth of sediment movement (m)
Repeated calculations are required to estimate the threshold water depths using equations (5.5.3.4)
and (5.5.3.5). Calculation diagrams like those in Fig. 5.5.3.6 (a) and (b) have been prepared so that the

depths can be easily estimated. By specifying d/Lo and Ho/Lo, it is possible to determine hi/Lo.
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Fig 5.5.3.6 (b) Calculation Diagram for Threshold Depth of Total Sediment Movement
m) Longshore Sediment Transport
- The predominant direction of longshore sediment transport is determined using the following
information:
Topography of the natural coast and that around coastal structures (see Fig. 5.5.3.7)
Alongshore distribution of the sediment characteristics such as median diameter, mineral composition,
etc.
Direction of movement of fluorescent sand tracers

Direction of incident wave energy flux.
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Fig 5.5.3.7 Typical Coastal Topography Showing the Predominant Direction of Littoral Drift
- To estimate the longshore sediment transport rate, the following various data must be prepared and
sufficiently investigated:
Continuous observation data of the change in sediment volume around a coastal structure
Data on the alongshore component of wave energy flux
Data concerning the sediment transport rate at the surrounding coast
Data on past dredging volume
Continuous observation data on deposition volume at the experimental dredging site
Data on the volume of movement of fluorescent sand tracers placed within the surf zone
- Various formulas can be used to estimate an approximate value of longshore sediment transport
rate. The formulas are normally given in the expression shown in equation (5.53.6), with the coefficient

o for various formulas being as given in Table 5.5.3.1.
Q =akE,

i TS S
| mow L

(5.6.3.6)
E =XK 5 - ‘simr,__cusfz,,

Where:
Qx: longshore sediment transport rate (m3/s)
Ex: alongshore component of wave energy flux (kN m/m/s)
K:: refraction coefficient between the wave observation point and the wave breaking point
na: ratio of group velocity to wave celerity at the wave observation point unit weight of sea
water (kN/m?3)

Wo: unit weight of sea water (kN/m?)
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Ha: wave height at the wave observation point (m)

La: wavelength at the wave observation point (m)

T: wave period (s)

ap: angle of wave incidence at the wave breaking point (°)

Table 5.5.3.1 Coefficient a for Longshore Sediment Transport Rate Formula

Savage Sato va Tanaka U.S. Army Corps of Engineers
0,022 0,03 0,04

n) Littoral Drift Phenomena in the Surf Zone

Inside the surf zone, large quantities of sand move by turbulence caused by breakers, by the increase
of the wave orbital velocity near the bottom due to shallower water depth, and by the existence of
nearshore currents.

Komar, based on longshore sediment transport rates obtained from studies of fluorescent sand,
reported that bed load dominates in the surf zone. Sternberg reported that most of the longshore
sediment transport rate can be explained by suspended load. As a counterpoint to these two conflicting
results, Kato et.al. used fluorescent sand to measure local sediment transport rates within the surf zone
and found that bed load dominates when the velocitiy of water particle due to waves is small, while
suspended load dominates when the velocity is loarge.

The sediment movement when suspended sediment is predominant can be examined by dividing the
movement into two processes.

- Sediment suspension process caused by organized vortices formed by wave breaking.

- Settling process during which sediment is buffeted by random external forces following breakup of
organized vortices.

Fig. 5.5.3.8 gives the temporal variations of suspended sediment concentration and horizontal current
velocity that were measured by Katoh et al. inside the surf zone in the field. The white arrows in the
figure point out the waves that broke on the seaward side of the observation point and the black arrows
point out the waves that passed the observation point and broke on the showard side. It is clear that the
suspended sediment concentration increased rapidly when waves broke on the seaward side. This
result indicates that sediment suspension is related to the organized vortices in particular obliquely

descending vortices that occur after waves break.
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Fig 5.5.3.8 Example of Field Observation of Concentration of Suspended Sediment

o) Topographical or Shoreline Deformation in the Swash Zone

Horikawa et al investigated the criteria on for shoreline advance and retreat occurring as a result of

sand movement in the swash zone based on laboratory experiments, and proposed equation (5.5.3.7)

which is also applicable for the field condition.

( 4 T 67
ey

Be_ ¢, (1anp)*”

where
Ho : deepwater wave height (m)

Lo : deepwater wavelength (m)

tanpB: average bottom slope from the shoreline to a water depth of 20 m

d : sediment grain size (m)

Cs : coefficient

Based on equation (5.5.3.7), a shoreline will retreat when Cs > 18 (see Fig. 5.5.3.9).
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Fig 5.5.3.10 Comparison of Prediction and Measurement of Shoreline Location
Katoh et al. revised equation (5.5.3.7) using deepwater wave energy flux and presented a model to
predict the daily shoreline change. Fig. 5.5.3.10 is a comparison of the predicted and measured results
of shoreline location.

p) Relationship between Foreshore Topographical Changes and Groundwater Level

The topographical changes that accompany the changes in the foreshore tide level can be explained as
follows by using Fig. 5.5.3.11. When the tide level changes, the beach groundwater level also changes
as a response. But because of the delay in response time, the groundwater level at the flood tide differs
from that at the ebb tide even though the tide lovel is the same.

- During the flood tide the groundwater level is low, and it is easy for the seawater running up on the
beach to permeate underground. Thus the sediment carried by the seawater when it runs up on the
beach will accrete there.

- On the other hand, during the ebb tide the groundwater level is high and it is difficult for seawater to

run up on the beach and to permeate underground. At certain conditions, the groundwater may flow out
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of the beach surface during the ebb tide. As shown in Fig. 5.5.3.11, the result is that the sediment that
accreted during the flood tide will be eroded, and return to its original location.

When waves run up to a high level on a beach during storm periods, a high groundwater level condition
continues throughout the stormy weather period because the run-up seawater permeates into the
beach, and the condition becomes as shown in Fig. 5.5.3.11 (b). Occurrence of rapid foreshore erosion
during such the condition has been confirmed by field data.

Some shore protection methods make use of this relationship between the foreshore groundwater level
and sand movement; i.e., lowering the groundwater level by forced means or gravity and thus
preventing erosion. The method making use of gravity, a highly water-permeable layer is installed in the
foreshore sand to cause the groundwater flow down offshore and to lower the groundwater level. With
this method it is possible to preserve beach conditions very close to those of a natural beach because

no structures are visible above the beach floor.
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\Shoreward sand movement
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Erosion

(a) Flood Tide

Groundwater surface
i
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Water outflow ~
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Fig 5.5.3.11 Relationship between Foreshore Topographical Changes and Groundwater
Level

q) Movement of Longshore Bars
As already mentioned in (10) Foreshore Topography, longshore bars sometimes form in the surf
zone. Longshore bars form periodically and move offshore.While longshore bars move offshore, cross-
shore sediment transport may occur offshore or onshore in various places, so that offshore sediment
transport occurs near the bar coests, while onshore sediment transport occurs in trough areas.The
period of cyclic offshore bar movement depends on the sea coast, and can range from one year to 20
years.
2) Scouring around Structures
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a) Scouring shall be taken into consideration when there are concerns that scouring around structures
such as breakwaters, groins, and training jetties may affect the safety and integrity of structures.

b) Wave characteristics that act on natural beaches can be considered as nearly constant over a long
period of time. Topographies that form in response to these characteristics are nearly stable as well.
Scouring will occur when structures are constructed and the equilibrium between external forces and
topography will be disturbed locally or over a broad area. The mechanism and amount of scouring will
change according to the location of a suructure because the wave action on the structure changes, and
hence these, these must be considered carefully when choosing scouring prevention works.

¢) Scouring in Front of Coastal Revetment

It is well known that scouring in front of coastal revetment has a close relationship with wave reflection
coefficient. For example, Fig. 5.5.3.12 has been proposed for determining scouring or accretion by
means of the reflection coefficient K and the parameter (Ho/Lo )(I/dso) sinc which is defined with the
wave steepness Ho / Lo, mean diameter of sediment dso, slope gradient of coastal revetment a, for a
vertical breakwater, a= 90°, and the distance | from the wave runup point on an equilibrium profile to the
location of the coastal revetment. The diagram indicates that all other conditions being equal, it is

advantageous against scouring in front of revetment to make the front surface of revetment inclined.
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Fig 5.5.3.12 Threshold Conditions between Scouring and Accretion in Front of Coastal
Revetment
d) Local Scouring around Breakwaters
- Scouring in the surf zone
- Local scouring at the breakwater head
Fig. 5.5.3.13 shows the local scouring conditions around a breakwater head, as analyzed by
Tanaka.The maximum scouring depth is found to be nearly equal to the maximum significant wave
height (H1/3)max during the period up to 15 days prior to the time of scouring measurements. In addition,

Fig. 5.5.3.14 shows the relationship between the water depth around a breakwater head and the
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scouring depth. The scouring depth becomes the largest when the water depth at breakwater head is

about 3 m to 5 m (namely in the surf zone).
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Fig 5.5.3.13 Relationship between Scouring Depth at Breakwater Head and Maximum Significant
Wave Height during the Prior 15 days (H1/3) max
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Fig 5.5.3.14 Relationship between Scouring Depth and Water Depth around Breakwater Head

Scouring at front of breakwaters

Fig. 5.5.2.15 shows the relationship between the scouring depth in front of a breakwater and water

depth. The black circles in the figure show the condition of scouring around the oblique part of the

breakwater. The scouring depth shows its maximum at the bend of the breakwater, where the water

depth is about 7m, and gradually decreases seaward. On the other hand, the scouring depth at the

front of the straight part of the breakwater, which is shown by the white circles, has its maximum value

at around a water depth of 2m and decreases in both shallower and deeper water. The location of the

maximum scouring depth corresponds to the location of a longshore bar.
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Fig 5.5.3.15 Relationship between Scouring Depth and Water Depth
Local Scouring Outside Breakwaters
Fig. 5.5.3.16 shows examples of places where pronounced local scouring occurs as the result of
breakwater extension:
Breakwater head (especially pronounced when the breakwater head is in the surf zone).
Around the straight portion of the breakwater (especially pronounced near the point where the
breakwater crosses the longshore bar).
Around a front mound or a submerged breakwater (especially pronounced outside the harbor).

Places where the breakwater bends.
Wave

Longshore bar

Longshore bar clearly progressing  Longshore bar or unclear bar
Longshore bar clearly progressing
| [ )
i:—:;——__ *’ﬁ: ) e _Q OheE SonI L Pronounced scouring
Shoreline ;?ggi—:gﬁfng féoﬂﬁ;ltﬁf ;It LR o Shoreline at standstill or receding
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Fig 5.5.3.16 Local Scouring Outside the Breakwater
- Scouring in standing wave domain
Scouring depth in front of a vertical wall tends to decrease as the initial water depth in front of the wall
increases and the wave condition is shifted into the standing wave domain. In case of composite type
breakwaters, where the toe of rubble mound is somewhat away from the wave reflection surface of the
upright section, scouring at the toe of rubble mound by standing waves sometimes become a problem.

Irie carried out experiments concerning this type of scouring and highlighted the following issues:
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(a) The basic parameter is Upy/w, the ratio of the maximum horizontal velocity of water particles at
the bottom by incident waves Ub to the settling velocity of sediment w. When Up/w > 10, sediment will
move from the location of the node of standing waves to the location of the antinode, with scouring
occurring at the node and accretion taking place at the antinode. It is called L-type scouring. When
Un/w < 10, the opposite phenomenon will occur. It is called N-type scouring (refer to Fig. 5.5.3.17). The
L-type scouring refers to the phenomenon where accretion occurs at the antinode of standing waves
and scouring occurs at the node, whereas the N-type scouring refers to the opposite phenomenon
where scouring occurs at the antinode and accretion occurs at the node.

(b) The value of Up/w tends to be larger than 10 in the field, and generally scouring at the node of
standing waves is predominant. Normally, because a toe of rubble mound is located at the distance of
about 1/4 wavelength or so from the upright wall, scouring and subsidence of the rubble mound of
breakwater will occur at its toe as the sediment there moves toward the location of antinode at one half
wavelength from the upright wall.
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Fig 5.5.3.17 Sketch of Scouring by Standing Waves

5.5.4 Prediction of Beach Deformation

1) All the related factors shall be thoroughly investigated when predicting beach deformation, with
consideration given to factors such as the predicted results by an appropriate prediction method
and the data of past beach deformation at the site in question.

2) Various methods exist as procedures for predicting beach deformation, including empirical
prediction techniques, estimation based on hydraulic model experiments especially with movable
bed model experiments, and numerical simulations. Because beach deformation is strongly
governed by the characteristics of the region in question, however, it is inappropriate to rely on any
single method. Efforts are desirably made to predict beach deformation by combining two or more
procedures and by investigating the local data and information as comprehensively as possible.

3) Empirical Prediction Techniques
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The empirical method is a procedure that, on the basis of collection and analysis of the past examples
of beach deformation, the layout and structural characteristics of structures to be built are compared
with the past examples of similar nature. Based upon the similarities, the potential for beach
deformation to be caused by the construction of structures is judged. Tanaka has carried out research
on modeling of the complicated topographical changes that occur after the construction of structures.
He classified characteristics of typical topographical changes in numerous examples of beach
deformation. As a result of this research, it is possible to understand the topographical changes in the
vicinity of Japanese ports in several representative patterns (see Fig. 5.5.4.1). Exceptions to these
patterns are relatively rare. By judging which pattern in Fig. 5.5.4.1 is applicable to the coast under

investigation, a qualitative prediction of beach deformation becomes possible.
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Fig 5.5.4.1 Classification of Patterns of Topographical Changes after Construction of Structures
4) Hydraulic Model Experiments particularly Movable Bed Model Experiments

The capability of predicting beach deformation based on hydraulic model experiments, particularly
movable bed model experiments, is limited because the problem of similarity remains unresolved. But
the advantage of model experiments is such that specific topographical changes can be reproduced in
a laboratory basin and the phenomenon to be forecasted can be understood visually.

Because of the similarity problems being unresolved, experiments are carried out with partially
distorting model scales, and by focusing attention on the reproducibility of the area of most concern,
based on the comparison of several formulas on beach deformation similarity, and a topographic model
that is judged most reliable is introduced in a laboratory basin. Before predicting future beach

deformation, it will be necessary to verify the model for reproducibility of the topographical changes that
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occurred in the past in the study area and to confirm the model’s kinematic similarity. The degree of
kinematic similarity will be judged by the accuracy of reproduction. The reproductive accuracy of the
experiment, therefore, cannot exceed the accuracy of the data collected on beach deformations in the
past.

One can assume that sufficiently effective engineering predictions are possible if sufficient care is taken
in preliminary experiments to study the reproducibility of actual beach deformations, and in particular
the following problems can be addressed:

- The area of topographical changes caused by the construction of coastal facilities.

- Comparisons of alternative plans for measures to prevent coastal erosion, such as groins or
detached breakwaters.

- Qualitative evaluation of shoreline changes due to large-scale sea facilities.

However, predictions of beach deformation are difficult in the following types of cases:

- Stable cross-sectional shapes of large-scale artificial beaches that face rough seas.

- Deformation problems caused by large-scale sea facilities on beaches that face rough seas.

- Siltation rates in navigation channels and harbors.

- Countermeasures against siltation in small-scale ports such as marinas.

- Effects of permeable detached breakwaters and submerged breakwaters on beach stability.

5) Predictions by Numerical Simulations

At the present time, numerical simulations are divided into two models: those that predict changes in
the shoreline location called shoreline change model, which is also called one-line theory from the fact
that it predicts changes along a single shoreline, and those that predict three-dimensional changes in
water depth; i.e., beach topographical changes called three-dimensional model or coast topographical
change prediction model.

5.5.5 Fluid Force due to Current

1) General

The fluid force due to the currents acting on members and facilities in the water or near the water
surface such as a pile-supported structure including a pier, a pipeline, or the armor material of a mound
is proportional to the square of the flow velocity. It may be divided into the drag force acting in the
direction of the current and the lift force acting in the direction perpendicular to the current. Generally
drag and lift forces are calculated using the following equations. Note also that a thin, tube-like object in
the water may be subject to vibrations excited by induced vortices.

a) Drag force
Fy = %( Py AL (5.5.5.1)

where
Fp : drag force acting on the object in the direction of the current (kN)
Cob : drag coefficient

po : density of water (t/m3)
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A : projected area of the object in the direction of the current (m?)
U : flow velocity (m/s)
b) Lift force
F, = %c*,._,;.__ AU? (5.5.5.2)

where

F. : lift force acting on the object in the direction perpendicular to the current (kN)

C. : lift coefficient

AL : projected area of the object in the direction perpendicular to the current (m?)
2) Drag Coefficient
The drag due to currents is expressed as the sum of the surface resistance due to friction, and is
expressed as in equation (5.5.5.1). The drag coefficient varies according to the shape and the
roughness of the object, the direction, and the Reynolds number of the current, and thus the value
appropriate to the conditions in question must be used.
When the Reynolds number is greater than about 103, the values listed in Table 5.4.11 may be used as
standard values for the drag coefficient. Note that for a circular cylinder or sphere with a smooth
surface, the value of the drag coefficient drops suddenly when the Reynolds number is around 10°.
However, for a circular cylinder with a rough surface, this drop in drag coefficient is not particularly
large, and the drag coefficient settles down to a constant value that corresponds to the relative
roughness. The data for the cube have been obtained from wave force experiments carried out by
Hamada, Mitsuyasu and Hase.The values for rectangular cylinders and L-shaped member placed
diagonally to the current can be found in the reference.
3) Lift Coefficient
As with the drag coefficient, the lift coefficient varies with the shape of the object, the direction of the
current, and the Reynolds number.
4) Current Force Acting on Coping of Submerged Dike at the Opening of tsunami Protection
Breakwater
5) As for the current force acting on the coping of the submerged dike at the opening of tsunami
protection breakwater, lwasaki have measured the pressure and obtained the values of 0.94 for the
drag coefficient and 0.48 for the lift force coefficient. Tanimoto have carried out similar measurements,
and obtained the values 1.0 to 1.5 for the drag coefficient and 0.5 to 0.8 for the lift coefficient. They
have also pointed out that when the flow velocity in the breakwater opening is large, the effect of the
water surface gradient causes the coefficient values to increase.
5.6 Other Meteorology Items to be Considered
The following meteorology items should be considered with regard to design and performance
verification of port facilities:
- Rain is a factor in determining the capacity of drainage facilities within the port, and can interfere with

cargo handling and other port operations.
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- Fog interferes with ship navigation and the entering and leaving of the harbor, and is a factor that
can decrease the usability of port facilities.

- Snowfall may need to be considered with regard to its surcharge on port facilities.

- Atmospheric temperature may affect the stress distribution on port facilities, creating temperature
stress.

5.7 Meteorological and Marine Observations and Investigations

5.7.1 Meteorological Observations and Investigations

5.7.1.1 Overview

Port facilities must be designed to have the required performance with regard to natural phenomena

such as strong winds. Therefore, in the performance verification of port facilities, it is necessary to

examine items relevant to that purpose by observing of meteorological elements or conducting

numerical simulations.

5.7.1.2 Planning of Meteorological Investigation and Setting of Natural Conditions

Meteorological investigation includes various methods such as statistical analysis of past data, analysis

through numerical simulations, and on-site meteorological observations, and it is necessary to

formulate a plan by generally considering the following items 1 through 6 in order to decide which

methods are desirable:

- Determination of required meteorological elements,

- Necessity for real-time on-site meteorological data,

- Possibility to obtain meteorological observation data from the past,

- Possibility to use observational data from the closest meteorological stations or the AMeDAS
observation stations,

- Necessity for numerical simulations,

- Necessity for on-site meteorological observations.

Based on these investigation results, determine which of the following methods to use in order to

specify the natural conditions:

- Statistical analysis of past data,

- Analysis by numerical simulations,

- On-site meteorological observations.

5.7.2 Tide Level Observations and Investigation

5.7.2.1 Purpose of Tide Level Observations

Tide level observations are continuous observations of the ocean surface level 1, eliminating relatively

short frequency variations such as waves. Tide level observations have various purposes, as listed

below, so it is preferable for the observations to be done as appropriate for the purpose.

5.7.2.2 Standard Water Level

Through all the stages of planning, design and construction, an appropriate standard water level must

be provided from tide level observations.

5.7.2.3 Mean Water Level Monitoring
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Recently, ocean surface rise has become a great concern related to global warming. However, there
are great variations in the predictions of the amount of ocean surface rise, so the importance of mean
water level monitoring based on long-term tide level observation has been recognized.

5.7.2.4 Understanding of Tsunamis, Storm Surge and Long-period Waves

When structures along the shore suffer a disaster, the understanding of marine conditions, including
tide level records, is the first step in the process of understanding the cause and planning recovery
measures.

5.7.2.5 Construction Management

Tide level observations are important for performing safe and reliable maritime construction.

5.72.6 Environmental Monitoring

It is also important to understand tide level variations for environmental monitoring.

5.7.3 Analysis of Long-Term Mean Water Level Variations

Fig. 5.7.2.1 is an example of a graph of monthly mean tide level variations based on long-term tide level
observation.

It is known that the mean tide level varies with the season, being higher in the summer and lower in the
winter. In addition to this seasonal variation, the long-term mean tide level increases slowly. The
amount of this long-term mean tide level rise is about 4.4 mm/year.
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Fig. 5.8.2.1 Example of Long Term Fluctuation of Monthly Mean Sea Level (Kurihama Tidal
Observation Station)

5.7.4 Wave Observations and Investigation

5.7.4.1 Overview

In shallow water, waves are deformed by processes such as refraction, breaking and shoaling, so
offshore observations are necessary to understand their actual conditions. Mankind will have more
interactions with the seas in the future than it has had in the past, so it will be necessary to gather wave
observation data over longer periods of time. In this section, an explanation on wave gauges, which
measure wave height and period, being the two most fundamental parameters of waves is introduced.
Then measurements of wave direction and the directional spectrum, and measurements of long-period

waves components which have recently been pursued as important topics are also introduced.
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5.7.4.2 Wave Gauges for observation of wave height and period

- Pressure Type Wave Gauges

Prior to the 1950’s, wave measurements in Japan generally used methods such as step-resistance type
wave gauges and pressure type wave gauges, but the pressure type wave gauges, which measure
water pressure variations on the sea bottom, became the preferred method because they didn’t require
facilities such as observation towers.

However, the movement of water particles induced by deepwater waves does not reach to the sea
bottom.

Consequently, water pressure type wave gauges are less sensitive to short-period waves. So, the wave
profiles recorded by these gauges are not the surface waveforms themselves but rather shapes that are
the surface waveforms from which the short-period components have been eliminated. Also, the
detection of water pressure variation is difficult in relatively deep locations, so this type of gauge has the
disadvantage of being unsuitable for taking wave measurements in places of deep water.

More recently, methods of precisely calculating surface wave profile from water pressure variations
have been developed and improved, so the scope of application for the water pressure type wave
gauges, which offer a simple and inexpensive way of measuring waves, has started to grow again.

- Ultrasonic Type Wave Gauges

Ultrasonic type wave gauges, USW, were developed in the 1960’s. USW have an advantage over water
pressure type wave gauges in that they can obtain the surface wave profile directly, and their use has
greatly increased.

An ultrasonic type wave gauge is composed of a sensor placed on the sea bottom, an underwater cable
that connects the sensor with a land observation station, and an amplifier, the main body of the wave
gauge, located at the land observation station. Ultrasonic signal pulses are emitted vertically upward
from a sensor that is placed in a fixed location, either on the sea bottom or in the sea at a certain depth,
and the ultrasonic signal reflected by the ocean surface is received at the same sensor location. The
time that elapses between emission and reception is proportional to the distance of the sensor from the
ocean surface, so it is possible to measure the surface wave profile by measuring this time in short
intervals, about 0.5 seconds.

A problem is that the detection of the ocean surface is difficult when many bubbles are gulfed near the
surface, such as due to breakers, however for normal wave measurements this type of gauge has the
advantage of allowing comparatively inexpensive, accurate, and direct measurement of surface
waveforms, without the need for equipment such as towers. It can also be applied to wave
measurements where the sea is deep, and there are many examples where it has been set up in
locations with depths of as much as 50 meters. On the other hand, a type of gauge has also come into
use that is placed on the bottom of the superstructure of pier and measures the water level variations
directly underneath by emitting sound through the air.

- Buoy type wave gauges

It is possible to measure the vertical motion of the water surface with a vertical acceleration meter
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placed on a buoy. This has the advantage that it is also possible to measure the wave direction and
directional spectrum by attaching a horizontal acceleration meter. Other advantages are that many
buoys can send data wirelessly to the land observation station, so that cables are not required, and
such meters are easy to use even when the water is deep. However, they cannot detect long-period
components such as tsunamis and storm surge that have small accelerations.

Recently, GPS buoy systems have been developed, so that instead of using the acceleration meter
method, the position coordinates of an antenna placed on a buoy are directly measured by a GPS, with
short sampling intervals of one second or less, making it possible to measure not just waves but also
long period components such as tsunamis, storm surge, and tidal motion.

- Step-resistance type wave gauges

Step-resistance type wave gauges have electrodes that are insulated from each other, arranged
vertically with constant spacing, that electrically turn on and off as the electrodes sink into the water or
are exposed to the air, thereby detecting the water level in steps. They have the same advantage as
ultrasonic type wave gauges in that they directly obtain the water surface wave profile, and furthermore
they don’t need calibration, but their problem is that a structure such as an observation tower is needed
to fix the electrodes in place.

- Capacitance type wave gauges and resistance wire type wave gauges

The principle of a capacitance type wave gauge is to vertically stretch an electric wire covered by a
dielectric from under the water to the air above the sea surface, so that the electrical capacity between
the wire and the sea water will vary as the up and down of the water level. This method converts
variations in electrical capacity into a carrier voltage, which is amplified and recorded after the wave is
detected, so its output has good linearity, and there is also is good response because a high frequency
electric wave is used as the transmission wave.

On the other hand, the principle of a resistance wire type wave gauge is to extend a resistance wire
vertically from the air into the water and measure the variation in the shorting distance of the resistance
wire due to the up and down movement of the water level. As in the case of a capacitance type wave
gauge, this also is characterized by good output linearity and response.

- Optical measurement method

These include methods such as taking measurements by stereo photography from the land or air, and
float tracing by memo motion cameras. Recently, surface observation by HF radar has started to be
used, and there is a good possibility that technology will be developed in the future for measuring
waves in the coastal area with remote sensing from artificial satellites.

5.7.4.3 Observation of Wave Direction and Directional Spectra

- Overview

Although wave direction is one of the three main components of a wave, along with wave height and
period, its measurement is more difficult than that of wave height, so less data has been collected than
for wave height.

- Ultrasonic current meter type directional wave recorder (CWD)
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The measurement principle of ultrasonic current meter type directional wave recorder is that, when
ultrasonic wave is transmitted between two points in the water, and there is a flow of water, the
transmission velocity will change depending on the current velocity components. The equipment
measures the movement of water particles where the sensor is located, hence measurement is not
possible if the wave height is small or the wave has a short period. Therefore, for the purpose of wave
direction measurement, the water depth to be able to place the sensor is usually 30 meters or less.
Hence, it has a major drawback of only being able to measure the directions of waves in shallow areas
affected by refraction and not waves that are offshore, but at present, these meters have become the
most generally used wave direction meters for waves along the coast.

- Observation with a wave gauge array

Because CWD have the problem mentioned above, in order to observe offshore directional spectra with
high precision and reliability, observations are being performed off the coasts of lwaki and Niigata in
Japan with arrays of three or four wave gauges.

Array observations use cross-spectra of water level variation records of the various wave gauges to
estimate directional spectra. Precision and reliability are excellent, but this is very expensive compared
to the usual wave observations, so it hasn’t been possible to introduce the array method at many
observation locations.

- Doppler-typed wave Directional Meter (DWDM)

An oceanographic meter combines the functions of wave gauges, wave direction meters and current
directionand- speed meters in a single instrument. It is a wave observation device that employs the
Doppler effect on ultrasonic signals in the water, detecting the difference in frequency between a signal
that is emitted and then received by a sensor on the sea bottom, to detect the current velocity of an
arbitrary intermediate layer between the sea bottom and the surface, and it is possible for a single
sensor to precisely calculate the direction spectrum of an offshore wave without the need for large-
scale array observations.

- Buoys

By measuring the vertical and horizontal components of a buoy’s acceleration it is possible to measure
wave directions and direction spectra. It is also possible to measure wave directions and directional
spectra by measuring the horizontal displacement of buoys fitted with GPS sensors. However, one
must remember that an acceleration observation method cannot detect long-period components that
have small accelerations.

Furthermore, the same is true of both the acceleration observation method and of the GPS method that
a buoy’s movement does not necessarily match the movement of the water particles that accompany
waves due to the effect of winds and mooring systems, so there are cases whereby it may not be
possible to measure wave directions and direction spectra.

- Radar for wave direction observation

Methods for determining wave direction using high resolution millimeter wave radar to display the

distribution of wave crest lines in regions of the sea have been developed, however data analysis
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remains a problem. Technology to observe surface direction spectra with HF radar is still under
development.

5.7.4.4 Observation of Tsunamis and Long-period Waves with Offshore Wave Meters

- Recording of offshore tsunami profile

Previously, the only actual measured data at the sites of tsunamis were run-up traces and tide level
recordings.

Of course, such data is important for clarifying the actual conditions of tsunamis, but it is not sufficient.
In particular, the tide level variation recordings measured at tide measurement wells within harbors
were records of water level changes through inlet pipes, so in actuality it was extremely difficult to
clearly measure vibration components with short periods of 10 minutes or less. For this reason,
obtaining of offshore tsunami wave profile recordings has a significant meaning.

- Observation of long period waves

Information concerning long-period waves from continuous observation data taken using offshore wave
gauges is expected to be useful not just when tsunamis occur but also at normal times.

It has recently come to be understood that it is impossible to correctly evaluate harbor calmness on the
basis of significant wave height alone, as has been the custom to date. Even when the significant wave
height is low and when the waves appear calm in the port, there have been many reports of cases
where mooring ropes broke making cargo operations impossible or where maritime construction work
was unavoidably interrupted because of large oscillations of ships and operating ships within the port
due to the effects of long-period waves. Longperiod waves may greatly affect the calmness of a port
even if the wave height is small. This is because they can cause resonance with the natural periods of
the harbor associated with the port’s topography on the order of several minutes to several tens of
minutes, or with the natural period of mooring systems generated by the mass of the ships and the
spring constants of the mooring ropes, again, on the order of several minutes to several tens of
minutes.

6 Geotechnical Conditions

6.1. Ground Investigation

6.1.1. Methods of determining geotechnical conditions

The geotechnical conditions necessary for the performance verification and the construction planning
include depth of the bearing strata, depth of the engineering foundation strata, thickness of weak strata,
and other stratigraphical conditions of the ground, water levels (residual water level), the density
(degree of compaction), physical characteristics, shear characteristics, consolidation characteristics,
hydraulic conductivity, liquefaction characteristics, etc.

Soil is a material that is strongly stress-dependent, and its characteristics can change greatly due to
consolidation with time, or changes in overburden, etc. Therefore when necessary a new ground
investigation should be carried out. However, the size of ground investigations is limited, so past ground
information (including databases, etc.) obtained from document surveys should be positively utilized. In
this case, it is important to confirm that the geotechnical conditions have not changed due to changes in
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overburden or consolidation, or to take into consideration that the geotechnical conditions have
changed.
6.1.2. Position, spacing, and depth of ground investigation locations
(1) The location of a ground investigation, and the spacing and the depth should be determined in
accordance with the size of the facility, the stress distribution in the ground caused by the weight of the
facility, and the uniformity of the stratigraphy of the ground. However, there is also the problem of the
construction cost and importance of the facility, so it is not possible to categorically regulate the number
of survey points and their depth. In determining the number of survey points the uniformity or non-
uniformity of the ground is the most important aspect. It is effective to check the uniformity or non-
uniformity of the ground from the results of past investigations, the topography of the land, and
geophysical exploration methods such as sonic wave and surface wave exploration methods.
Automatically determining the spacing of ground investigation points should be avoided as much as
possible, but for reference Table 6.1.2.1 shows the spacing of ground investigation points for boring
and sounding surveys.
The depth of the ground investigation shall be sufficient to confirm strata with sufficient bearing
capacity. Whether a stratum has sufficient bearing capacity or not varies depending on the shape and
scale of the facility, so it cannot be categorically determined. However, as a guide, for comparatively
small scale facilities or when the foundations are not end bearing piles, the investigation may be
terminated if stratum of a few meters thickness is confirmed with the N-value obtained from the
standard penetration test is 30 or higher, or for a large scale facility where end bearing piles are
anticipated the investigation may be terminated if stratum of a few meters thickness is confirmed with
the N value is 50 or higher. Also, for performance verification of seismic-resistance, the investigation
should continue until a stratum of engineering rock with a shear wave velocity of 300m/s or more is
confirmed.
Table 6.1.2.1 (a) Guideline for Investigation Location and Spacing for Boring and Sounding
Investigations
In the case where the stratigraphical conditions are comparatively uniform both horizontally and

vertically (Units: m)

Face line direction Perpendicular to face line direction
) ) Distance from face line
Spacing layout Spacing layout
(maximum)
Boring Sounding Boring Sounding Boring Sounding
o Wide area | 300-500 100-300
Preliminary 50 05
SUVEY | Small area| 50-100 20-50 50-100
Detailed survey 50-100 20-50 20-30 10-15
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Table 6.1.2.1 (b) Guideline for Investigation Location and Spacing for Boring and Sounding

Investigations

When the stratigraphical conditions are complex (Units: m)

Face line direction

Perpendicular to face line direction

Spacing layout Spacing layout Distance from face line
(mavimiim)
Boring Sounding Boring Sounding Boring Sounding
Preliminary
50 orless| 15-20 20-30 10-15
survey
50-100

Detailed survey 10-30 5-10 10-20 5-10

Note 1: A sounding survey may or may not require a borehole.

Note 2: The sounding surveys in the table are only those for which a borehole is not necessary.

Note 3: For sounding surveys that require a borehole, “the boring column” is applicable.

6.1.3. Selection of investigation methods

Investigation methods that are the most suitable for the survey objectives are selected taking into

consideration the extent of the survey, the importance of the facility and economics.

Table 6.1.2.2 shows the survey methods for each survey objective, and the ground information

obtained from them.

Table 6.1.2.2 Survey Methods according to Survey Objectives

Classification

Survey objective

Survey method

Survey details

Stratigraphical | Confirmation of Boring Foundation depth
conditions stratigraphical Sounding Thickness of weak strata
Unit weight yi
Undisturbed sampling Water content w
Physical Classification of

characteristics

soil properties

(structural disturbance is

possible for all except yi)

Soil particle density ps
Particle size distribution

Consistency wp wp, Ip

(Hydraulic Hydraulic Undisturbed sampling In- . .
o . ) Hydraulic conductivity k
conductivity) | conductivity situ tests
Bearing capacity ) ) Unconfined compressive strength qu
) - Undisturbed sampling
Mechanical | Slope stability _ Shear strength 1’
i Sounding .
properties . Angle of shear resistance ¢
In situ tests

Earth pressure

Relative density D,
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Classification

Survey objective

Survey method

Survey details

Consolidation

characteristics

Undisturbed sampling

Compression index Ce
Compression curve e-log p
Coefficient of consolidation c,

Coefficient of volume compressibility my

Compaction

characteristics

Disturbed sampling also

applicable In- situ tests

Maximum dry density Ydmax

Optimum water content wopt

CBR

Dynamic

characteristics

Undisturbed sampling In-

situ tests

Shear modulus G
Attenuation coefficient hp

Liquefaction characteristics

6.2. Ground constants

6.2.1. Estimation of ground constants
6.2.1.1. General

The ground constants/parameters used in the performance verification are generally estimated in

accordance with the flow shown in Fig 6.2.1.1. However, if there is a rational reason based on the

characteristics of the ground investigation and the soil tests, derived values may be used as the

characteristic values. For example, as a method of estimating the derived values from measured values

of the N- value obtained from standard penetration tests, empirical equations or correlation equations

have been proposed that take into consideration the variation in the measured values, so the derived

values can be used as characteristic value as they are. Also, for the shear wave velocity measured by

geophysical exploration, the measured values evaluate the complex conditions and characteristics of

the in- situ ground, and the subject being evaluated differs with each measurement location, and there

are cases where the use of statistical processing of many measurement results is not appropriate. In

this case the derived values may also be used as they are as characteristic values.

124



TevN Xi@fth1s

Direct results of various surveys, tests, measurements, and observations / monitoring (measurement values)

Application of theory, experience, and correlation
including primary processing

Estimated ground parameters (derived values)

Classification of strata

Modeling of ground (estimated values)

Statistical processing taking account account of limit state
and variation

Representative values of ground parameters (characteristic values)

Apply partial factor

Ground parameter used in foundation and ground model (design values)

Fig. 6.2.1.1 Example of Procedure for setting the Design Values of Ground Parameters
Partial factors that are multiplied by the characteristic values to calculate design values may be set
based on the variability of the ground parameters and the sensitivity to the verification result of the
parameter. Therefore, partial factors are set for each performance verification method for each facility.
Also, for each individual performance verification, it is difficult to separately take into account the extent
of variation of the ground parameters that depends on ground investigations or the soil test methods.
Therefore, the characteristic values are calculated by applying a correction corresponding to the
reliability of the soil test method. This approach is a device for simplifying the performance verification
method by making the partial factors set for each performance verification method for each facility
independent of the ground investigation methods and soil test methods.
6.2.1.2. Methods of estimating the derived values
As shown below, methods of estimating derived values include the method of using the measured
values as they are as the derived values, the method of applying primary processing only to obtain the
derived values, and the method of obtaining the derived values by converting measured values into
different engineering quantities.

The method of using the measurement values as they are as derived values is, literally, direct
measurement of the ground parameters.

Within the method of applying primary processing only to obtain the derived values, the primary
corrections are an area correction for shear tests, a correction for the effect of strain rate on the shear
strength, and the simple correction corresponds to just multiplying by the coefficients. Also, applying
simple processing to test results, such as applying the primary processing to calculate the water

content w, the wet density p, the soil particle density p, grain size distribution, obtaining the deformation
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modulus E from the stress-strain relationship, and obtaining the consolidation yield stress pc from the e-
log p relationship, corresponds to this method.

The method of obtaining derived values by converting the measured values into different engineering
quantities is the method of converting the measured results into engineering quantities based on
theoretical or empirical equations, or, obtaining fitting parameters in accordance with theory.
Converting N-values into the angle of shear resistance ¢ using empirical equations, and fitting
theoretical curves of consolidation to settlement-time curves to obtain the coefficient of consolidation
¢y correspond to this method.

6.2.1.3. Methods of setting the characteristic values

1) General

The characteristic values are set generally in accordance with the flow shown in Fig 6.2.1.2.

If there is a sufficient number of the derived value data to carry out statistical processing, and if the
variation in the derived values is small, as a rule, the characteristic value may be calculated as the
average value, expected value, of the derived values. Here, if the number of data entries n of the
derived values is 10 or more, and the amount of variation is not large, and if the coefficient of variation
CVis less than 0.1, it is considered that a certain reliability can be guaranteed for the statistical results,
and the average value, expected value, of the derived values may be taken to be the characteristic
value. However, if there are an insufficient number of data entries of the derived values to carry out
statistical processing and if the variation in the derived values is large, it is necessary to set the
characteristic value by correcting the average value, expected value, of the derived values based on

the method shown below:
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‘Ground parameters estimatcd from the measured values (derivedvalues)

Modeling of ground (estimated values)

Review of measured values

Variation in estimated values
with respect to derived values
0.1 <coefficient of variation CV <0.

CvV<0,1

0,6<CV

Correotion for vartion in the data
(0,75 <b1 < 1,0, or1,0<b1<1,25) b= 1

Is No. of data items enteries sufficient?
No. of data items enteries =10

Correotion for number of data entrics
(0,5<b1<1,0, or 1,0<b1<1,5)

b= 1

Representative values of parameters (characterislic values) a=b.x bx a*

Fig. 6.2.1.2 Example of Procedure for setting Characteristic Values of Ground Parameters

2) Correction of the average value ,expected value, of the derived values

When the number of derived value data entries is limited, or the variation in the derived values is large,
the characteristic values cannot simply and automatically be taken to be the average value, expected
value, of the derived values, but it is necessary to appropriately set the characteristic values taking into
consideration the estimated error of the statistical average values. In this case the following method
may be used. The uncertainty factors in the characteristic values include errors in the ground
investigation or soil tests, estimation errors in the derived values, and inhomogeneity in the ground
itself. Therefore, it is desirable that the ground investigation conditions such as types of survey
equipment, soil test conditions such as types of test equipment, test methods and condition of test
specimen, the soil stratigraphy, and other soil information need to be carefully examined. The method
of correction of the average value,expected value of the derived values described here is not limited to
the values for stability verification of the facility, but it is supposed that it can be generally applied to
ground constants, including values used for settlement predictions. In TCVN 9153 a method of
setting the characteristic values in accordance with confidence levels is described, in which a normal
distribution is assumed if the standard deviation of the population is known, and a t-distribution is
assumed if the standard deviation is not known. However, when dealing with ground parameters, the
distribution and variation in the derived values are due to errors in the ground investigation or soil
tests, estimation errors in the derived values, and inhomogeneity in the ground itself, and hence, this is

different from dealing with quality indices of factory products, and simple statistical processing is
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hardly applicable.

To obtain the ground parameters, which are obtained by adjusting the average values for the statistical
errors, and correspond to the characteristic values, for reliability-based design, it is necessary to obtain
a sufficient number of test results for statistical processing. Also, in order to reflect the soil investigation
and soil test results in the performance verification, it is necessary to model the distribution in the depth
direction of the estimated values a* of the ground parameter a as constant with depth (a*=c4), linearly
increasing with depth (a*=ciz+c;), or as having a quadratic distribution with depth (a*=ciz?+c.z+c3).
Here, c1, C2, and c; are constants. If a certain range of depth is to be modeled, a sufficient number of
tests are 10 or more data entries in order to carry out statistical processing on the ground model. The
reliability of ground parameters obtained from different soil test methods such as the undrained shear
strength of cohesive soils obtained from triaxial tests and unconfined compression tests differs, so
different partial factors should be set accordingly, but it is not known to what extent the factors should
differ. However, it is well known that the coefficients of variation of the two test results are significantly
different. Based on this the characteristic values are calculated not simply as the arithmetic mean, but
by multiplication by a correction coefficient that takes into account the variation of the derived values to
the estimated values. However, this is based on the assumption that there is a sufficient number of data
entries to carry out statistical processing, so if the number of data entries is insufficient, it is necessary
to further set the characteristic values on the safety side, by multiplying by a correction coefficient for
the number of data points. In other words, the characteristic values are calculated from the following
equation (6.2.1.1) or equation (6.2.1.2). Here, if it is reasonable to consider the variation on logarithmic

axes, equation (6.2.1.2) is used.

*

a, =bb,a (6.2.1.1)

log a, = b,byloga” =log a™" (6.2.1.2)

where

a, representative value of ground parameter (characteristic value);

b, correction coefficient for variation in the derived values;

b, correction coefficient for number of data points of derived values;

a* model value of the ground parameter (estimated value).
A specific method of setting the correction coefficient is described below. However, when dealing with
the unit weight of the in- situ ground in stability analysis, for determining the values at which the
action side and the resistance side are substantially in balance, the correction coefficients may be
taken to be b,=1,b,=1.
3) Method of setting the correction coefficient for variation in the derived values
If the estimated parameter for modeling the distribution of test results is represented by a*, when
considering the variation in test results a, it is convenient to use the standard deviation of (a/a*) which
refers to the coefficient of variation. Here it is assumed that a* is estimated as the average value of a

uniform distribution within a stratum that is modeled, or a distribution in which errors are minimized by
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the least squares method or similar. It is known that for a uniform ground, the coefficient of variation of

TCVN

the ground parameters obtained as a result of taking undisturbed clay test samples using a fixed
piston type thin-walled tube sampler, and carefully carrying out each type of soil test, is 0.1 or less. In
other words, even though it is a uniform ground, there is a certain amount of non-uniformity, and there
are errors caused by the soil test methods, so this extent of variation in the results is inevitable.
However, if the variation is greater, if the non-uniformity in the ground is large, if the disturbance during
sampling is large, if the soil test methods are inappropriate, or if the modeling with respect to depth is
inappropriate, the estimated values a* cannot be taken to be characteristic values as they are, but it is
necessary to set the characteristic values on the safety side, taking the uncertainty factors into
account.

Therefore, the correction coefficient b, for variation of the derived values is set corresponding to the
coefficient of variation CV defined as the standard deviation SD of (a/a*). When the parameter a is
contributing to the resistance side such as shear strength, in a performance verification, the correction
coefficient b,=1-(CV/2), and when contributing to the action side such as unit weight of an

embankment, and compression index, b,=1+(CV/2) are set, and the values shown in Table 6.2.1.1

should be used in the performance verification. This corrects the value to a value corresponding to
about 70% probability of non-exceedance, for use as the characteristic value. If the coefficient of
variation is 0.6 or higher, the reliability is poor, so performance verification cannot be carried out,
interpretation of the test results must be carried out again, and if necessary the modeling of the ground
must be re-investigated. In certain cases it may be necessary to carry out the soil investigation again.

Table 6.2.1.1 Values of Correction Coefficients

Correction coefficient b4

Coefficient of variation CV

When it is necessary to correct
the characteristic value to a
value smaller than the derived

When it is necessary to correct
the characteristic value to a
value larger than the derived

values values
2 0<0.1 1.0 1.0
2 0.1<0.15 0.95 1.05
2 0.15<0.25 0.9 1.1
2 0.25<0.4 0.85 1.15
2 0.4 <0.6 0.75 1.25

> 06 Re-investigate the interpretation of the results or the modeling, or
C re-do the survey

The ground parameters include parameters whose results are evaluated as logarithmic distributions,
such as the consolidation yield stress pc, the coefficient of consolidation ¢, and the coefficient of volume
compressibility my. In order to obtain the characteristic values of these parameters, several tests are
carried out, and if the ground is to be treated as uniform, these parameters are distributed as log-ormal,

so it is reasonable to consider the variation on the logarithmic axis. In other words, for the parameter a,
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if the standard deviation of (log a)/( log a*) is SD, and this becomes the coefficient of variation CV, the
values in Table 6.2.1.1 can be used as they are as the correction coefficient by on the logarithmic axis.
On the other hand, for the angle of shear resistance ¢, the variation of ¢ itself is not considered, but
the variation of tan¢ is considered. In the case of the angle of shear resistance of a mound material, if
the value used in the performance verification is specified based on experience, the specified value
already has the effect of variation taken into consideration, so it is not necessary to consider a
correction coefficient. The correction coefficients shown here are used after carrying out statistical
processing in order to obtain the characteristic values from the reported soil test results. Therefore, it is
necessary to be aware that the coefficients of variation in Table 6.2.1.1 do not indicate the level of
variation obtained from soil investigations or soil test results.

4) Method of setting the correction coefficient for the number of data entries of the derived values

For the Method of setting the correction coefficient for variation in the derived values in (3) above, it
was assumed that the number of data points is sufficient to carry out statistical processing. However,
in the case where the number of data points is insufficient for carrying out statistical processing, the
correction coefficient b, for the number of data entries of derived values is set as follows. In other
words, if the number of data entries n is 10 or more, there will be a certain reliability in the statistical
results, but if the number is insufficient the correction coefficient should be set to b,={1£(0.5/n)}. Here
the negative sign is used when it is necessary to correct the characteristic value of a ground
parameter used in performance verification toward smaller values than the derived values, and the
positive sign is used when it is necessary to correct the value toward larger values than the derived
values. For the performance verification there must be at least two or more data entries. However,
even in the case where there is only one data entries, if other parameters for example N- value or
grain size distribution have been obtained, and if the distribution in the depth direction is modeled from
a correlation with these provided only commonly known correlations are used, then that one data entry
may be used in the performance verification. In this case, b1=1, and b,=1+0,5 are assumed.

5) Method of setting the characteristic values taking the mode of the performance verification into
account.

The ground constants for consolidation and the ground constants for shear are not mutually
independent. In the performance verification, if these constants are considered to be independent, the
characteristic values can be obtained taking into consideration the reliability of the respective
parameters. However, if a strength increase due to consolidation is expected for stability evaluation, the
parameters in respect of consolidation and the parameters in respect of shearing must be closely linked.
In these circumstances, in the process of obtaining characteristic values from derived values, the
parameters are modeled as mutually linked when modeling the distribution of soil test results to derive
estimated values. For example, the characteristic values must be set by statistical processing for the
variation, to estimate compatible ground parameters, taking into consideration the relationship
c,=mx0OCRx0’,, between the effective soil overburden pressure o0’,,, the consolidation yield stress pc

and the undrained shear strength cy, using the strength increase ratio m=c/p,, and the
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overconsolidation ratio OCR=p_/0’,,.

6.2.1.4. Method of calculating design values

In the various calculations when the ground parameters are used in performance verification, design
values are obtained by multiplying the characteristic values by a partial factor y. A value of the partial
factor y may be set for each performance verification method for each facility, but if not specified
otherwise, y may be taken to be y=1,0.

6.2.2. Physical properties of soils

6.2.2.1. Unit weight of soil

6.2.2.1.1.The unit weight must be obtained by collecting undisturbed samples on site, or directly
obtaining it on site.

6.2.2.1.2. The unit weight is normally the weight per unit volume in air, and includes the wet unit weight
and dry unit weight (TCVN 2409). Also, the unit weight in water (weight per unit volume from which
buoyancy is deducted) is referred to as the immersed unit weight. For the measurement of the unit
weight, methods of collecting undisturbed samples of clay soils have been established, and it is
possible to obtain test samples that are representative of the soil in-situ. Therefore the unit weight of
clay soils can be obtained from laboratory tests (TCVN 4202). However, the unit weight of sandy soils
or sand must be obtained directly in-situ (TCVN 8721). The moisture and hydroscopic water amount
can be obained from laboratory tests (TCVN 4196).

The wet unit weight is one of the indices indicating the fundamental properties of a soil, and is used for
recognizing the soil stiffness, and degree of looseness, and for calculating, the weight of a soil mass
and the void ratio.

(1) Wet unit weight

The wet unit weight is generally expressed as shown in equation (6.2.2.1), by combining both the

weight of soil particles per unit volume and the weight of water within the void.

P, + 5, e
vo=pg=—10_ g (6.2.2.1)
l+e

w
00
=——pg
1+e

where:
1, wet unit weight (kN/m?3);
p, bulk density (t/m3);

p, soil particle density (t/m?3);
e void ratio;
S, degree of saturation (%);

w water content (%);
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p,, density of seawater (t/m?);

g gravitational acceleration (m/s?).
The approximate values of the unit weight of soils normally encountered in harbor areas in Japan are
as shown in Table 6.2.2.1.
Table 6.2.2.1 Unit Weight and Water Content of Representative Soils

Properties Holocene clays Holocene clays Sandy soils
Wet unit weight y; (kN/m?3) 12-16 16-20 16-20
Dry unit weight y4 (KN/m?3) 5-14 11-14 12-18
Water content w (%) 150-30 60-20 30-10

(2) Dry unit weight
Only soil particles are considered in the unit weight, so by putting w=0 hoac Sr=0, the dry weight per

unit volume is expressed by equation (6.2.2.2).

Yi=Pi&= 2E (6.2.2.2)
l1+e

where:
14 dry unit weight (kN/m3);
py dry density (t/m3).

Also, the relationship between the wet unit weight yf and the dry unit weight yd is given by the following

equation.

y, =2 (6.2.2.3)

(3) Immersed unit weight
If the void is completely saturated with water, the immersed unit weight is expressed by equation

(6.2.2.4) taking buoyancy into account.

V= Vv, =Py (6.2.2.4)
l+e

where:

Y immersed unit weight (kN/ms);

Yeat Saturated unit weight (kN/m3).
Although the unit weight of water y. is somewhat dependent on salt concentration and temperature, its
correct value is known. Therefore, when obtaining the characteristic values of a saturated foundation
taking the variation in unit weight into account, the variation in y' should be considered, not ysa.. In other
words, when multiplying the characteristic values by a partial factor to obtain the design values, there is
no necessity to apply a partial factor to the unit weight of water yy so the immersed unit weight y' is

multiplied by the partial factor, not the saturated unit weight ysat.
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6.2.2.1.3. Measurement of Unit Weight In-situ

Methods for directly obtaining the unit weight in- situ include methods in which measurement is only
possible near the ground surface, and methods of measurement in firm ground. The former includes for
example the so-called sand replacement method, a simple and easy method as prescribed by TCVN
8729 Method of Soil Density Test by Sand Replacement Method. Also, the latter includes example
methods of measurement using radioisotopes (RI).

(1) Methods using the sand replacement method.

The sand replacement method is mainly applied to measurement on land near the ground surface for
control of earthworks, but it can be used down to a certain depth where pits can be excavated.

(2) Radioisotopes (RI).

In recent years the use of Rl has become comparatively easy, there have been many cases of
measurement using a y -ray densitometer as an in- situ test where it is difficult to obtain undisturbed
samples of sand and sandy soil. Incidentally, these legal restrictions do not apply in the case of sealed
radioactive sources whose radiation source strength is 3.7MBq (megabequerel) or less.

There are two types of y -ray densitometer that use RI: a surface type and an inserted type, and these
are described in Soil Density Test Methods using Rl Equipment (TCVN 9350). The surface type is
applied to measurement near the ground surface, as implied by its name, and is used for control of
earthworks same as the sand replacement method. The surface type is further classified into back
scattering types and transmission types. Measuring equipment using the initially developed back
scattering method is frequently used, but in recent years equipment using the transmission method has
become popular because of its accuracy. On the other hand, the insertion type is applied to measuring
the density distribution in the vertical direction, in other words for surveys in the depth direction. For
example, it is used for investigating the density distribution in the depth direction for ground surveys, for
determining the soil improvement effect by density measurement of replaced sand, and measurement
of the density of filled sand in caissons.

The Rl method has the advantage that it is a non-destructive test from which the in- situ density can
be directly measured. Also, although the measurement operation itself is simple so it has a high
usability value, on the other hand because there is danger associated with the radioactive material
there are many regulations regarding its handling, so it cannot be simply brought out and used in-situ.
In addition, in surveys associated with port construction, the inserted type is mainly used, so there is
an operation of inserting the equipment into the access pipe. The measurement accuracy is governed
by the material and quality of the pipe, or the insertion accuracy, in other words, the measurement
accuracy is governed by the disturbance of the surroundings when the pipe is inserted, and how good
the contact between the pipe and the soil is, so caution is necessary. Recently the Rl cone
penetrometer, which incorporates Rl in a cone probe, is being developed as a device capable of
directly penetrating into the ground for surveys.

6.2.2.1.4. Relative Density

The degree of compaction of sand may be expressed by the relative density using equation (6.2.2.5)
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D = €hax € Pi " Pimin  Pamax (6.2.2.5)

; =
emax - emin pd max pd min pd

where:
D, relative density;
€max Void ratio in loosest state

e... void ratio in densest state

min

e void ratio in the present state of the test sample;

Panin  dry density in the loosest state (g/cm?3);

Pynax  dry density in the densest state (g/cm?3);

py dry density in the present state of the test sample (g/cm?)
The density of sand is greatly affected by the shape of the particles and by the grain size composition.
So from the unit weights and the void ratios calculated from it, the density of sand cannot be correctly
evaluated. Therefore, the relative density is used to indicate the relative value within the range of void
ratios that can be taken with this soil. Mesurement of e, €nins {Pamin:Pamax) fOr obtaining D, can be
carried out in accordance with TCVN 8721.
It is difficult to take undisturbed samples of sand, so the relative density is frequently measured indirectly
by sounding, (see 6.2.3.4(4) Angle of shear resistance of sandy ground).
6.2.2.2. Classification of soils
(1) Soil classification is performed by the grading for coarse soils and by the consistency for fine soils.
(2) Mechanical properties of soil such as strength or deformation have a close relationship with the
grading for coarse soils, and with the consistency for fine soils.
(3) Engineering Classification Method for Subsoil Materials (Japanese Unified Soil Classification
System)
The classifying method of soil and rock, and their nomenclature should be in accordance with the
engineering classification method for subsoil material prescribed by the TCVN 5747. The grain size
classifications and their names are shown in Fig. 6.2.2.1. The coarse-grained soil refers to soll
composed mainly of coarse fraction with a grain size ranging from 75 um to 75 mm. Soil consisting of

components with a grain size less than 75um is called the fine-grained soil. Fig. 6.2.2.1

Sum 75um 250um 425um 850um 2mm 4.75mm 19mm 75mm 300mm
] Fine Mediumsand Coarse Fine Medium Coarse Cobble Boulder
Clay Silt
sand sand aravel| aravel aravel
Sand Gravel Stone
Fine grain Coarse grain fraction Stone fraction

Fig. 6.2.2.1 The Grain Size Classifications and their Names
Note: The word "particle" is affixed when referring to a constituent particle belonging to a. particular category;
and the word "fraction" is affixed when referring to a component belonging to a particular category.
(4) Classification by Grain Size

The uniformity coefficient is an index showing the grain size characteristics of sandy soil and is defined
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by equation (6.2.2.6)
U,=D,, /D, (6.2.2.6)
where:
U. uniformity coefficient;
Dgo grain size corresponding to 60 % passing by mass in grain size distribution curve (mm);
D,, grain size corresponding to 10 % passing by mass in grain size distribution curve (mm);
A large uniformity coefficient means that the grain size is broadly distributed, and such a soil is called
“‘well graded”. In contrast, a small value of Uc means that the grain size distribution is narrow or the
grain size is uniform. Such a soil is called “poorly graded”. In the Japanese Unified Soil Classification
System, coarse soil where fine contents are less than 5% of the total mass is further divided into
“broadly-distributed soil” and “uniformed soil”.
Broadly-distributed soil: 10 < U,
Uniformed soil: U,< 10
6.2.2.3. Hydraulic conductivity of soil
(1) When the seepage flow in a completely saturated ground is a steady laminar flow, the hydraulic
conductivity shall be estimated by using Darcy’s law.
(2) The hydraulic conductivity k is calculated by equation (6.2.2.7), taking into account of the
measurement of cross- sectional area of soil A, hydraulic gradient i and volume of seepage flow in unit

time.
k=4 (6.2.2.7)

where:

k coefficient of permeability (cm/s);

g volume of water flow in soil in unit time (Cm3/s);
i hydraulic gradient;
h head loss (cm);

L length of the seepage path (cm);

A cross-sectional area (sz);
The measurement for determining coefficient of permeability k includes a laboratory permeability test
of undisturbed soil samples taken in-situ, or a in-situ permeability test (TCVN 8723).
(3) Approximate values of the coefficient of permeability
Hazen showed that the effective grain size Do and the permeability of sand k are related, and gave

equation (6.2.2.8) to calculate k of relatively uniform sand with the uniformity coefficient of U, < 5, and
the effective grain size D,, from 0,1 mm to 0,3 mm.

k=CD}, (6.2.2.8)
where:

k coefficient of permeability (cm/s);
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C constant (C = 100 (1/cm.s));
D,, grain size called as the effective grain size corresponding to 10 percentage passing
of mass in grain size distribution curve (cm);

The approximate values of the coefficient of permeability are listed in Table 6.2.2.2.

Table 6.2.2.2 Approximate Values of Coefficient of Permeability

Soil Sand Silt Clay
Hydraulic
. 102 cm/s 10° cm/s 107 cm/s
conductivity

6.2.3. Mechanical Properties of Soil

6.2.3.1. Elastic constants

(1)When analyzing soil behavior as an elastic body, the elastic constants are determined with due
consideration for the nonlinearity of stress-strain relation of soils.

(2)When analyzing soil behavior as an elastic body, the deformation modulus and Poisson's ratio are
normally used as the elastic constants. Because of the strong nonlinearity of stress-strain
relationship of soil, the elastic constants in analysis must be determined by considering the strain
level of the ground to be analyzed.

(3)Strain Dependency of Deformation Modulus
The stress-strain relation of soil usually shows a strong nonlinearity. When the strain level is within a
range of 10-° or less namely 0.001% or less, the deformation modulus is largest and nearly constant.
This maximum value Emax is corresponding to the measured value in the dynamic testing methods
such as the elastic wave exploration, and is called the dynamic elasticity modulus. As the strain level
increases, the elasticity modulus decreases. The secant modulus Esy determined from a
conventional unconfined compression test or a triaxial compression test, is considered as the
deformation modulus when the strain is of the order of 10 (0.1%). When conducting an elastic
analysis of soil, it is necessary to determine the elastic constant by considering the strain level of the
soil.

(4)Relationship between Undrained Shear Strength and Deformation Modulus
For cohesive soils, the approximate values for the initial tangent elastic modulus Eh and the secant
elastic modulus Eso can be determined by using equation (6.2.3.1) and equation (6.2.3.2)

E. =210c¢, (6.2.3.1)

E,, =180c, (6.2.3.2)

where:
Ej initial tangent elastic modulus (kN/m?);

Es, secant elastic modulus (kN/m? );

cu. undrained shear strength (kN/m?).
The equation (6.2.3.1) is applicable only for highly structured marine cohesive soil with high plasticity.

(5)Poisson's Ratio.
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For determining Poisson’s ratio of soil, there is no established method currently, although a number of
methods have been proposed. Practically, v = 1/2 is used for undrained conditions of saturated soil,
and v = 1/3 - 1/2 is used for many other situations.

6.2.3.2. Compression and Consolidation Characteristics

(1) Compression characteristics of soil and the coefficients for estimating settlement of foundations due
to consolidation can be calculated from the values obtained based on TCVN 4200.

(2) When soil is loaded one-dimensionally, compression of the structure with the soil particles which
causes settlement is referred to as compression. If the voids of the soil are saturated with water, it is
necessary for the pore water to be drained in order to contact the structure with the soil particles. For
sandy soils with high hydraulic conductivity, drainage is fast, so contraction occurs immediately after
loading and is soon completed. However, for cohesive soil ground the hydraulic conductivity is very low,
so a long period of time is needed for drainage, and compression settlement occurs slowly. This
phenomenon in which compression settlement in cohesive soil ground occurs over a long period of time
is referred to as consolidation.

The consolidation characteristics of soils are used not only for calculating the settlement due to loading,
but also for estimating the increase in shear strength of soils in soil improvement work.

(3) Calculation of the final settlement due to consolidation

When the consolidation pressure and the void ratio when consolidation is completed at that pressure
(after 24 hours) in a consolidation test are plotted on semi-logarithmic graph, the so-called e-logp
curve or compression curve is obtained, as shown in Fig. 6.2.3.1. The “abc” portion of the e-logp curve
indicates the loading process, and is virtually linear. The consolidation state indicated by the “abc”
portion is referred to as the normal consolidation state. On the other hand, if the soil is unloaded from
the state at point “b”, the relationship between the void ratio and the pressure when the equilibrium
state is reached under the reduced pressure describes the path “bd” If the pressure is increased
again, the path “db” is described. The state represented by “bd” and “db” is referred to as the
overconsolidation. When a consolidation test is carried out, the path "d —b — c" is described, the
point “b” is obtained at the boundary of "d — b" indicating the elastic deformation and "b — c"
indicating the plastic deformation, and the pressure corresponding to this boundary is referred to as

the consolidation yield stress.

P1.P2_logp
|
|
|
|
|

€
=)

e
Fig. 6.2.3.1 e-log p Relationship during Consolidation
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The relationship between the void ratio e and the pressure p for the segment “abc” normal
consolidation domain in Fig. 6.2.3.1 is expressed by equation (6.2.3.3)
e, =¢ —C log,, 22 (6.2.3.3)
Y4

where:

C. is a non-dimensional number showing the degree of inclination of segment “abc” and is

called the compression index.

The final settlement resulting from the consolidation load can be calculated using three methods: the
e-log p curve method, the C. method, and the coefficient of volume compressibility m, method.
The decrease in void ratio Ae when the pressure increases from the overburden pressure in- situ po to
(potAp) can be determined by directly reading the e-logp relationship curve obtained from consolidation
tests. Otherwise, if the settlement is expected to be overestimated to the safe side, it can also be

evaluated by equation (6.2.3.4) using equation (6.2.3.3).

=C, log,, o+ Op

Do

Ae=e (6.2.3.4)

po - epo+Ap

In the e-logp curve method, the settlement S is calculated by the following equation using Ae either

read directly or determined from equation (6.2.3.4):

A
§=p ¢ (6.2.3.5)
1+e,
where:
h thickness of layer.
In the C. method, the settlement S is calculated by the following equation (6.2.3.6):
C +A
S=h—<"log,, 2.2 (6.2.3.6)
I+e, Do

This equation corresponds to that whereby equation (6.2.3.4) is substituted in equation (6.2.3.5).
The coefficient of volume compressibility m, is used for estimating settlement and the amount of
compression by a load is proportional to my. However, this is effective only with small increases in
consolidation pressure such as where m, can be assumed to be constant, because it would linearize
the soil with strong nonlinearity. Equation (6.2.3.7) is used to calculate the settlement S using m..

S =m,Aph (6.2.3.7)
where:

m,: coefficient of volume compressibility when the consolidation pressure is ./ p, x(p, +Ap)

Generally, the value of my during consolidation decreases with the increase of effective overburden
pressure. Under normally consolidated state, the relationship between p and my plotted on a double
logarithmic graph would almost be a straight line. The m, used in equation (6.2.3.7) for calculating
settlement is the mean value during the change in effective overburden pressure of the ground from po

to (po+tAp). Usually, this would be the mv for the geometric mean of the effective overburden pressure
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(4) Settlement rate
In Terzaghi’s theory which is a classical theory of consolidation, the method of analyzing the settlement
rate is as follows: When a pressure incrementp is added to a saturated cohesive soil under undrained
conditions, an excess pore water pressure equal to the magnitude ofp is generated. As consolidation
progresses, this excess pore water pressure gradually dissipates, and at the same time the stress a'
acting between soil particles increases. This stress is referred to as the “effective stress”. However, the
sum of the excess pore water pressure u and the increment of stress a' between soil particles is always
equal to the increment of loading pressure p, so equation (6.2.3.8) is established

p=0 +u (6.2.3.8)
Consider the case where highly permeable sand layers exist above and beneath a clay layer of
thickness 2H. When a consolidation pressure incrementp is applied, the distribution with depth of ¢'
and u are as shown in Fig. 6.2.3.2. In other words, at the time of start of consolidation (t=0), the state
is indicated by the line DC with u = p, a'= 0, and when consolidation is completed the state is as
indicated by the line AB, with u = 0, o'= p. The curve AEB is the pore water pressure distribution at the
time after start of consolidation. This curve is called “isochrone”. As shown in the figure, the parts of
soil distant from the drainage layers have relatively slow rate of consolidation
The ratio of the effective stress increment to the consolidation pressure increment (0’/p) at a certain
depth z is referred to as the degree of consolidation U, at that depth. The degree of consolidation at
each depth averaged over the whole layer is referred to as the average degree of consolidation U The

average consolidation is the ratio of the area of AEBCD to the area ABCD in Fig. 6.2.3.2.

D Drainage layer
=)
l
— f Clay layer

u
G
C B Drainage layer
G

u
Fig. 6.2.3.2 Distribution of Pore Water Pressure with Depth

The consolidation is the time-dependent settlement phenomenon. The rate of consolidation for an entire
cohesive soil layer is represented with the parameter U for the average degree of consolidation. The
relationship between U and the non-dimensional time factor T, is obtained by the theory of consolidation.

The relationship between the non-dimensional time factor T, and the actual time t is shown by the
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following equation:
(6.2.3.9)

where:

T, time factor;

¢, coefficient of consolidation;

t  time after the consolidation starts;

H* maximum drainage distance.
When the permeable layer exist at both sides of the cohesive soil layer, the maximum drainage
distance H* is the same as H. However, when the permeable layer only exists on one side, H* is equal
to 2H. The degree of consolidation at each depth is shown by the consolidation isochrones in Fig.
6.2.3.3. Furthermore, Fig. 6.2.3.4 shows the theoretical relationship between the average degree of

consolidation and the time factor.
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Fig. 6.2.3.4 Theoretical Relationship between Average Degree of Consolidation and Time Factor

(5) Primary Consolidation and Secondary Consolidation

If the relationship between amount of settlement and time measured in a consolidation test is shown
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as degree of consolidation againsttime, Fig. 6.2.3.5 is obtained. However, as shown in the figure, at
the final stage of consolidation, the test curve does not coincide with the theoretical curve.
Consolidation until U = 100% as determined by the time settlement relationship virtually agreeing with
consolidation theory is referred to as “primary consolidation”, and the part in which U>100% and
consolidation is not in accordance with consolidation theory is referred to as “secondary
consolidation”. Secondary consolidation is considered to be a creep phenomenon, and in this case the
settlement tends to occur linearly with respect to the logarithm of time.

In the performance verification of port facilities, normally the consolidation pressure due to loading
reaches several times the consolidation yield stress of the ground. Under these conditions, the amount
of settlement due to primary consolidation is large, and the amount of settlement due to secondary
consolidation is comparatively small, so in most cases secondary consolidation is not considered when
carrying out the performance verification. Also, if the settlement is large, the effect of the increase in
buoyancy with settlement cancels out the effect of secondary consolidation, so apparently secondary
consolidation is not seen. In the following cases, secondary consolidation must be taken into
consideration at the performance verification.

The advancement in ground settlement with elapse of time subsequent to construction is having serious
effects on the facility.

As in the case of deep Pleistocene clayey ground, ,when the consolidation pressure does not exceed
the consolidation yield stress of the soil layer significantly, the contribution of secondary consolidation in
an entire settlement can not be neglected.

— - Primary
consolidation

Theoretical curve

Experimental curve

Secondary
consolidation

Average degree of consolidation U(%)

Ly
Q

.6.2.3.5 Primary Consolidation and Secondary Consolidation

(6) Consolidation Settlement of Very Soft Cohesive Soils
When the landfill is carried out with dredging or disposed sludge, it is necessary to predict the
consolidation settlement of extremely soft deposits. Mikasa’s consolidation theory which takes into

account the effect of self weight of clay layer and the changes in layer thickness during consolidation
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can be applied to analyze this problem.

In this case, the amount and speed of settlement cannot be determined analytically; it must be
calculated with the finite differential method.

When the reduction in thickness of a layer due to settlement compared with the original thickness is so
large that it cannot be ignored, the errors in the normal consolidation settlement calculation method
become large. For example, if the reduction in the layer thickness is 10% to 50%, the difference
between the normal calculation method and a calculation that takes into consideration the effect of the
change in layer thickness is in the region 3% to 30%. Also, the effect of dead weight is largest after
allowing to stand after dredging and filling, and as the load increases, the effect is reduced relatively.
For loading that is twice or more the average own weight of a weak layer, the effect of self weight
becomes very small, and can be virtually ignored.

In order to estimate the consolidation parameters of very soft cohesive soil, there is a constant rate of
strain consolidation test in which displacement is continuously applied as stipulated in TCVN 4200. For
cohesive soils with a large aging effect, or for cohesive soils of which settlement can be suddenly seen
after the consolidation yield stress, the constant rate of strain consolidation test from which a
continuous e-log p curve can be obtained is a very useful method for obtaining the consolidation yield
stress. However, the e-log p curve is strongly affected by the strain rate, and the e-log p curve
obtained from this test is normally greatly shifted to the large consolidation pressure side compared
with the e-log p curve obtained from an icremental loading consolidation test as stipulated in TCVN
4200. Therefore it is necessary to be aware that the consolidation yield stress becomes larger.

(7) Correlation between the Compression and Consolidation Coefficients and the Physical Properties
Of all the soil tests, the consolidation test requires the longest amount of time. If the results of
consolidation test can be estimated from physical test results, which require only disturbed test
samples, and is a comparatively simple test method, and moreover whose results can be quickly
obtained, this would be very useful. Skempton has proposed the correlation equation (6.2.3.10) as the
relationship between the compression index C. and the liquid limit w.

C, =0.009(w, —10) (6.2.3.10)

Equation (6.2.3.10) ) is applicable to clay that is re-molded and re-consolidated in the laboratory, or
young clay ground formed by artificial filling, but it tends to either over or underestimate the
compression characteristics of naturally deposited clays.

The reason why natural cohesive soil grounds have larger compression index values than young clay is
because in the process of sedimentation which occurs over many years, a structure is formed due to
aging effects such as cementation. When this structure is destroyed as a result of the consolidation
pressure exceeding the consolidation yield stress, high compressibility is demonstrated.

6.2.3.3. Shear characteristics

(1) The shear strength parameters of soil are determined by classifying soil into sandy soil and
cohesive soil. The shear strength of sandy soil is determined under drained conditions, while the shear

strength for cohesive soil is determined under undrained conditions.
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(2) In general, the hydraulic conductivity of sandy soil is 102 to 10° times that of cohesive soil. For sandy
soil layer, the excess water in pores is considered to be completely drained during construction. For
cohesive soil layer, on the other hand, almost no drainage is expected during construction because the
hydraulic conductivity is significantly low. Thus in many cases for sandy soil layer the shear strength is
evaluated using the angle of shear resistance in drained condition ¢, and the cohesion in drained
condition ¢cp. Because the value of ¢p is usually very small, practically cp is ignored and only ¢, is used
as the strength parameter.

In the case of saturated cohesive soil layer, the shear strength of the layer undergoes almost no
change between before and after construction, as the drainage cannot take place during construction.
The undrained shear strength before construction is therefore used as the strength parameter. For
intermediate soil that has the permeability somewhere between those of sandy soil and cohesive soil,
the soil should be viewed as sandy soil or cohesive soil based on the coefficient of permeability and
construction conditions.

(3) Considerations on Shear Strength

The shear strength 1, a soil is generally expressed by the following equation.
T,=ct+otang (6.2.3.11)

where:

1; shear strength;

¢ cohesion or apparent cohesion;

¢ angle of shear resistance (°);

o normal stress on the shear surface.
When a stress is applied to a soil, the stress acting on the skeletal structure of the soil particles,
referred to as the effective stress, and the pore water pressure,) both change. If the total stress
applied to the soil denotes o, the effective stress denotes ¢’, and the pore water pressure denotes u
the following relationship can be established.

c=0 +u (6.2.3.12)
oc=0-u (6.2.3.13)

In equation (6.2.3.11), the strength constants such as cand ¢, vary depending on the conditions during
the shear tests, but the condition that has the greatest effect is the drainage condition of the soil.
Because soil has the tendency of changing volumes which is known as “dilatancy” while being sheared,
shear strength of soil is greatly dependent upon whether a volume change takes place during the shear
or not. The drainage condition is classified into the following three categories and different strength
parameters are used for each case:
- Condition (1): Unconsolidated, Undrained condition (UU condition) (TCVN 8868)
- Condition (2): Consolidated, Undrained condition (CU condition) (TCVN 8868)
- Condition (3): Consolidated, Drained condition (CD condition) (TCVN 8868)
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Fig. 6.2.3.6 Relationship between Drainage Conditions and Shear Strength
In Fig. 6.2.3.6, pattern diagrams are shown for the shear strength when direct shear tests are carried
out under the drainage condition (1, 2, 3). In the figure, the change in shear strength under increased or
reduced normal stress a is shown on the soil samples consolidated in advance to the pressure po. As
shown in the figure, under the unconsolidated undrained condition (1), the strength is constant and
does not depend on . In the case of the consolidated undrained condition (2), within the range po<c
the strength increases linearly as a increases. Under the consolidated drained condition (3), the
strength is overall greater than (1) and (2), and this is because the void ratio is reduced by
consolidation or shearing in the case of weak cohesive soil or loose sand. However, when a is
significantly smaller than po (in the figure this limit of the normal stress is indicated as 0*), the strength
under the consolidated drained condition is smaller than the strength under the consolidated undrained
condition due to the effect of swelling during shearing. Summarizing this relationship for the range of o
the following is obtained.
In the range po <o, namely the applied loading is larger than the pre-consolidation pressure ; (1)<(2)<(3)
In the range o*<c <pg , namely the applied loading is somewhat smaller than the preceding
consolidation pressure; (2)<(1)<(3) or (2)<(3)<(1)
In the range o < ¢* ,namely the applied loading is significantly smaller than the preceding consolidation
pressure (3)<(2)<(1)
The shear strength used for the performance verification of ground should be the shear strength for the
most dangerous drainage conditions expected under the given load. The drainage condition and shear
strength are then as in the following:
(a) When loading takes place rapidly on the cohesive soil ground:
Because consolidation progresses and shear strength increases with the elapse of time, the most
dangerous time will be immediately after the loading when almost no drainage has occurred. This is
called the short- period stability problem. The shear strength 1; at this time is the shear strength c, that is
determined from unconsolidated undrained (UU) tests using the sample before loading. The parameter
cu (undrained shear strength) is also called the apparent cohesion, and the analysis using cu is also

called the “¢ =0 method”. Constructions of seawalls or breakwaters without excavation, landfill, and
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embankments on soft cohesive soil ground fall in this category.
(b) When ground permeability is large or when drainage from consolidated layer is almost completed
during construction period because the loading is carried out very slowly:
Because drainage from the layer occurs simultaneously with loading and an increase in strength of the
layer is expected along with the loading, the performance verification of structures should be carried out
using co and ¢p determined under consolidated and drained (CD) conditions. Constructions of seawalls
or breakwaters, landfill and embankments on sandy soil belong to this category.
(c) When the hydraulic conductivity of the ground is poor and the load is removed to decrease the
normal stress a on the shear plane:
In this case, the most dangerous situation is after a long time has elapsed, when the soil absorbs water,
expands, and loses its shear strength, this is called the long-term stability problem. As shown in
Fig.6.2.3.6. undrained shear strength becomes the lowest after water absorption and soil expansion
when the over-consolidation ratio is small, in other words, o is a little less than po. In this situation,
therefore, the cu value should be used with consideration of soil swelling. Earth retaining and excavation
in clayey ground or removal of preloading on cohesive soil ground belongs to this category. On the other
hand, in the case of heavily over-consolidated ground where a is very small compared to po the
parameters cp and op are used for performance verification because the shear strength under
consolidated, drained condition is the smallest. Usually, this often applies to cases where cut earth
methods are employed but it also applies to construction works in coastal areas such as works to deeper
quaywall depth and dredging works on seabed soil.
In almost all cases for normal construction conditions of port facilities, the undrained strength in UU
conditions of (a) is used in the performance verification for cohesive soils and the strength parameter in
the CD conditions of (b) is used for sandy soils. The following equations show the strength calculation
methods respectively:
1) For cohesive soil with the sand content is less than 50%

T=c (6.2.3.14)

where:

T shear strength;

C, undrained shear strength.
2) For sandy soil with the sand content is higher than 80%

7=(0—u)tang, (6.2.3.15)

where:

T shear strength;

o normal stress to shear plane;

u hydraulic pressure at the site;

¢p angle of shear resistance for drained conditions (°).

Furthermore, because soil with a sand fraction ranging from 50% to 80% displays intermediate
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characteristics between sandy soil and cohesive soil, it is called the intermediate soil. The evaluation of
shear strength of intermediate soil is difficult compared with that of sandy soil or cohesive soil. Hence,
the shear strength for such soil should be evaluated carefully by referring to the most recent research
results. With respect to intermediate soil that can be treated as cohesive soil, it is preferable to utilize
results of triaxial CU tests etc. rather than evaluate shear strength from unconfined compressive
strength.

(4) Shear strength of sand

Because sandy soil has high hydraulic conductivity and is regarded in completely drained condition,
the shear strength of sand is represented by equation (6.2.3.15). The angle of shear resistance ¢, for
drained conditions can be determined using a triaxial CD test under consolidated and drained
condition. Because the value of ¢, becomes large when sand’s void ratio becomes small and its
density becomes high, the void ratio e in- situ should be accurately determined. Therefore, it is best to
take and test an undisturbed sample. Although the ¢, values of sand with the same density will vary a
little with the shear conditions, the value of ¢, determined by a triaxial CD test, which is conducted with
the consolidation pressure corresponding to design conditions with undisturbed sample, can be used
as the design parameter for stability analysis. However, in the case of bearing capacity problem for
foundation, which is much influenced by progressive failure, the bearing capacity is over-estimated in
some cases if the value of ¢, determined by a triaxial CD test is directly used as the design parameter.
Compared with the case of cohesive soil, sampling of undisturbed sand samples is technically difficult
and also very expensive. This is the reason that the shear strength for sandy soil is frequently
determined from the N value of standard penetration test rather than from a laboratory soil test. For the
equation to determine ¢, from N values, refer to 6.2.3.4 (4) Angle of shear resistance of sandy ground.
(5) Shear Strength of Cohesive Soil

Here, soil of which the clay and silt fraction by percentage is greater than 50% is regarded as cohesive
soil. There are several methods, as presented below, to determine the undrained shear strength cu of
cohesive soil. An appropriate method should be chosen in consideration of such factors as the past
experiences, the subsoil characteristics and the importance of the structures.

qu method:

This method uses the average value of unconfined compressive strength determined from undisturbed
samples (TCVN 9439). The undrained shear strength c, used for the performance verification is given

by the following equation:

c.=q,/'? (6.2.3.16)

In this equation, qu is the average value of unconfined compressive strength. In unconfined
compression tests, confining pressure is not applied on the test sample and therefore, the strength
result obtained may be remarkably small due to disturbance of the sample. Application is particularly
difficult on clayey soil sampled from depth such as stiff Pleistocene clayey soil in which cracks can
appear easily. Caution is also needed for application on intermediate soil with high sand content as
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effective stress may not be maintained in the test sample and consequently, a remarkably small shear
strength may be obtained. In this case, it is preferable to employ other test methods such as triaxial test
or direct shear test.

Method of using strength by triaxial tests taking initial stress and anisotropy into consideration:
Consider the stability analysis of a embankment on the clayey ground using a circular slip, as shown in
Fig. 6.2.3.7. Directly below the embankment shearing is caused by the increase in vertical stress, so it
is possible to evaluate the shear strength corresponding to this by the triaxial consolidated undrained
compression test (CUC test), although strictly speaking there are differences in the plane strain and
axial symmetry. On the other hand, shearing occurs at the end point of the circular arc, in other words
near the base of the slope, due to the increase in horizontal stress, so it is possible to evaluate this by
the triaxial consolidated undrained extension test (CUE). Of course, there are differences in the plane
strain and axial symmetry, and there is the major difference that in contrast to the triaxial extension test
in which the axial force reduces, in the failure of an embankment the horizontal stress increases. Near
the bottom of the circular arc, the deformation mode is not compression nor extension., but virtually
horizontal shearing is produced. Therefore, it is possible to evaluate this by a direct shear test or a

simple shear test.

Triaxial Triaxial

extension compression
Sue Sue

Box shear
Sue

[ ]
Fig. 6.2.3.7 Stability Problem and Strength Anisotropy for an Embankment Constructed on a
Clayey Ground
The shear strength sy* used in the performance verification may be the average value of the shear

strength suc obtained from a compression test and the shear strength s, obtained from an extension
test as given by the following equation

S* _ Se +Sue
u
2

or the direct shear strength sus may be used as the representative value.

(6.2.3.17)

For most soils, the triaxial extension strength s, is about 70% of the triaxial compression strength s,..
Disturbance of a test specimen during sampling is inevitable to a certain extent, even if efforts are made
to minimize it. Also, it has been said for a long time that the unconfined compression test is lacking in

reliability, but the performance verification methods are frequently based on them, as in the present
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situation other methods cannot be adopted. As a method of determining the undrained shear strength,
the method known as the “recompression method” u) is said to be the most reliable among the test
methods currently proposed. This method is based on the thinking that by reproducing the same stress
state as the sampled test specimen in the original location, the effect of disturbance in the test
specimen can be made smaller by consolidation.

Elements within a ground are subject to the vertical overburden effective stress @', and the horizontal
earth pressure at rest o'hy(=K,o',z). Sampled test specimen has zero stress under atmospheric
pressure, and an isotropic residual effective stress due to suction remains to a certain extent. However,
by consolidation to ¢'1 = ¢',,, 0'; = K,0',, triaxial test apparatus, undrained shear tests can be carried
out with the same effective stress state as the original position reproduced. The effective overburden
pressure g',, can be calculated from the unit weight of the sampled test specimens. However, a
problem at this stage is how to obtain the coefficient of earth pressure Ko. Several methods for
obtaining it from in-situ tests have been proposed, but it can also be obtained from a laboratory by a Ko
consolidation test using a triaxial cell. Here, the Ko consolidation test is a test in which the cell pressure
0, is controlled so that the cross-sectional area of the test specimen does not change when the axial
pressure o, or the axial strain & increases. However, Ko obtained by this method is Konc for the
normally consolidated state, frequently expressed as Ko, so it is necessary to be aware that it is not the
Ko for soil with the aging effect as in a real ground. In Japanese clays, Ko under normally consolidated
conditions is mostly in the range 0.45 to 0.55.

The recompression method is also possible with the direct shear test. In this case, the change in the
diameter of the test specimen is constrained by the shear ring, so by simply making the consolidation
pressure equal to the effective overburden pressure o', there is no particular need to be aware of
Ko.

Although the undrained shear strength (q,/2) obtained from a unconfined compression test has a large
amount of variation, the average value is virtually the same as the average value value s, and s, of
the undrained shear strength obtained from triaxial compression and extension tests by the
recompression method with consolidation of @', and K,o',, which is capable of reproducing the same
stress state as the test specimen in the original location. The reliability of the test results using triaxial
compression and extension tests by the recompression method whose mechanical basis is clearer, is
slightly higher than that of the unconfined compression tests. In section 6.2.1 Estimation of Ground
Constants, it is expected that triaxial tests, from which results with small variation can be obtained, are
preferable for the performance verification.

(3) Method using strength from a direct shear test:

This method uses the strength redetermined by a direct shear test after undisturbed sample is
consolidated one- dimensionally under in-situ effective overburden pressure. The direct shear test can
be conducted according to the TCVN 4199. The undrained shear strength cu used for the performance

verification is given by the following equation:
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¢, =0.857 (6.2.3.18)

In this equation, 0.85 is a correction factor related to shear rate effect. The measured values have
therefore undergone primary processing to arrive at the derivative values.

(4) Methods combining unconfined compressive strength and strength from triaxial compression tests:
One problem with the qu method is that the test’s reliability is low in soil with no past records, because
the test is subject to the influence of disturbance during sampling. To resolve this problem, a
combination method can be used to determine the strength by comparing the q, of undisturbed
samples with the strength from a triaxial CU test and evaluating the quality of the sample. In this
method, the sample is isotropically consolidated by in- situ mean effective stress 20',,/3 when K, = 0.5,
after which triaxial CU test is performed in undrained compression condition. The undrained shear
strength thus obtained must be empirically corrected by multiplying 0.75. In other words, as is the case
with the direct shear test, for this triaxial test, measured values must undergo primary processing to
arrive at the derivative values. This method is used for natural soil ground and cannot be applied to

unconsolidated reclaimed ground.

(5) Method for determining undrained shear strength from an in-situ vane shear test:
A vane shear test is conducted as described in 6.1.3 Selection of Investigation Methods. The average
value of the obtained shear strength cu” can be used in the performance verification as the undrained
shear strength cy. An in-situ vane shear test can be carried out rather easily with mobility at a field site.
The test is able to determine the shear strength for very soft clay for which an unconfined compression
test cannot be performed due to the difficulty in making a specimen freestanding. It can thus be
applied, for example, to the construction management where soil is being improved using vertical
drains. Although the test method and principle are simple, attention must be given to the effect of
friction on the rod. Ways of reducing the friction and calibrating its effect need to be devised.
Each method has its own characteristics, which must be duly considered in order to select the most
appropriate one.
The undrained shear strength cu of cohesive soils increases as consolidation progresses, and the
higher the consolidation load the larger the c, after consolidation. Therefore, the consolidation
pressure increases with depth as the overburden pressure increases, so normally the cy of a clay
ground increases with depth, and the distribution of undrained shear strength used in the performance
verification is frequently expressed by the following equation.
c,=c¢,t+kz (6.2.3.19)

where:

¢, undrained shear strength at depth z from the surface of the clay layer;

C,o Undrained shear strength at surface of the clay layer;

k rate of increase of c, with depth z;

z depth from the surface of the clay layer.

(6) Increase in Cohesive Soil Strength due to Consolidation
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The undrained strength of cohesive soil will increase with the progress of consolidation. For soil
improvement methods such as the vertical drain method, the ratio of strength increase cu/p by
consolidation is an important parameter because the strength is increased by the drainage of pore water
by consolidation. Naturally sedimented cohesive soil ground can be somewhat overconsolidated, or
even if it is normally consolidated in terms of stress history, it can appear to be overconsolidated with
large consolidation yield stress pc due to aging effect. For this reason, the ratio of strength increase
becomes the cohesive soil's specific parameter in the case of slight overconsolidation through
normalizing, not by the effective overburden pressure a Vo equivalent to the consolidation pressure, but
by the consolidation yield stress p.(m = cu/pc). The larger the value of cu/pc which is a soil property
parameter used in the vertical drain method for increasing strength, the larger the increase ratio of the
strength and the more effective soil improvement are expected. From the past experiences in the field
and research results for marine clay in Japan, the value of ¢ /p. lies in a range shown by the following
equation, regardless of plasticity.

¢, /1p =02~025 (6.2.3.20)

In view of the fact that the overconsolidation ratio OCR of naturally sedimented cohesive soil is normally
in the range from 1.0 to 1.5, and o', = p/OCR, therefore, the data in Fig, 6.2.3.8 provides
substantiation for equation (6.2.3.20).
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Fig. 6.2.3.8 Relationship between Plasticity Index and cyl/o’,,

(7) Decrease of Strength of Cohesive Soils due to Swelling

If part of the load is removed after consolidation, cohesive soils absorb water and swell with time, which
causes the cy to reduce. In addition, the time required for swelling is considerably shorter than the time
required for consolidation. The drainage conditions of this case correspond to the left of (6.2.3.18) as
shown in Fig. 6.2.3.6, so it is necessary to evaluate the likely strength decrease after swelling.
Specifically, the removal of load at the end of consolidation in soil improvement works such as the
vertical drain method or the preload method, excavation for earth retaining structures, and dredging to

deeper the sea bottom, etc., correspond to this situation.
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(8) Strength of Intermediate Soil

Soil with a sand content in the range of 50% - 80% is intermediate soil between sandy soil and
cohesive soil. For this type of soil, the hydraulic conductivity and design conditions are taken into
consideration to determine whether the soil is sandy soil or cohesive soil. Then the shear strength is
determined accordingly. For intermediate soil with a large sand fraction or with coral gravel, the
hydraulic conductivity determined from an incremental loading oedometer test generally gives an
underestimated value, because of the limitations of test conditions. It is preferable not only to improve
the test procedure, but also to conduct an in-situ permeability test or an electrical cone test to determine

the hydraulic conductivity.

When the hydraulic conductivity determined by this kind of procedure is greater than 10_4cm/s, the
ground is regarded permeable. Hence, the value of ¢, determined from an electrical cone penetration
resistance or a triaxial CD test can be used as design parameters regarding cy=0. According to
experience in investigating the properties of intermediate soils in Japan, the value of ¢ is greater than

30° in many cases.

When the hydraulic conductivity is less than 10-4cm/s, the performance verification of the intermediate
soil should be conducted as a cohesive soil. Because the influence of stress release during sampling
in intermediate soil is much greater than that in cohesive soil, the shear strength determined by qu
method is underestimated. A correction method is used for the strength of such intermediate soil with
a large sand fraction by means of clay fraction and plasticity index. However, it is preferable that the
combined method with unconfined compression test and triaxial compression test or the direct shear
test be used as the method for evaluating the strength of intermediate soil.

6.2.3.4 Interpretation method for N values

(1) The angle of shear resistance for sandy soils is calculated using the following equation from a

standard penetration test value.
$p=25+3.2 —IOON, (6.2.3.21)
70+0,

¢ angle of shear resistance of sand (°);

where:

N standard penetration test value;

o', effective overburden pressure at the depth where the standard penetration test (kN/m?2);
(6) Relationships between the N-value and many soil parameters have been established by the data at
various sites. When using these relationships, however, it is necessary to consider the background of
their derivation and the ground conditions of the data and to confirm the range of their applicability. As
can be seen in Dunham's equation, which has commonly been used for many years, the value of ¢ was
determined directly from the N-values without considering the effective overburden pressure o'.

However, because the relative density D, varies with ¢',, as seen in Fig. 6.2.3.9, ¢',, must be taken into
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consideration to determine D, from an N-value. This concept was incorporated in the judgment of

liquefaction. In this judgment, liquefaction resistance is examined from Ng5 the equivalent N-value

2
converted into N-value when effective overburden pressure o', = 65 kN/m . Similarly, it is known that
even in grounds with the same @, the N-value increases with the increase in effective overburden

pressure. Therefore, the influence of o', must be taken into account when determining ¢ from the N-

values.
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Fig. 6.2.3.9 Influence of Effective Overburden Pressure and Relative Density on N Values
(3) Factors Affecting the N-values
The factors that affect N-values mutually overlap, and methods for quantitatively correcting for these
factors have not yet been established. However, for understanding of N-values, the extent of the effect of
the important influencing factors is as follows:
Density
As the density, relative density, of the subsoil increases, in particular for sandy soils, the N-value
increases.
Water content
Apart from well compacted fine sand and silty soils, the N-value increases in the order of saturated sand,
dry sand, and wet sand.
Effective overburden pressure
The N-value increases as the effective overburden pressure increases.
Effect of groundwater level
As the groundwater level fluctuates, the effective overburden pressure and the degree of saturation of
the soil varies, so the N-values vary accordingly.
Other influencing factors
The N-value varies in accordance with the soil particle shape, the grain size distribution, and the mineral

composition of the sail.
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(4) Angle of Shear Resistance of Sandy Ground

The angle of shear resistance ¢ is an important constant for the performance verification of grounds,
similar to the undrained shear strength of clay soils. However, ¢ is a complex value that is governed by
many factors, and even the same soil will not have a constant value. Therefore, it is necessary to
investigate sufficiently the background to establishing the performance verification methods, such as
what conditions are assumed in the performance verification methods using ¢.

(5) N- value of Cohesive Soil Ground

Compared with sand ground, the N-value of a cohesive soil is small, and its reliability is low. According
to past experience and test results, if the qu is 100kN/m? or lower the measurement of N-value is
difficult. In cohesive soils with q, of this value, when soft cohesive soils are found by taking test
specimens with a standard penetration test type sampler during a preliminary investigation, or when
tests are carried out to know the physical properties, this has significance, but the strength and other
mechanical subsoil constants cannot be determined from the N-values only. In the case of a
Pleistocene clay soil with high strength, the past deposition environment and stress history has
changed several times, so even within the same stratum the properties of the soil are not uniform, and
an overconsolidated state that is unrelated to the present effective overburden pressure is frequently
found. Therefore, the N-values and soil properties change greatly with only small changes in position or
depth. Also, techniques for sampling stiff soils are difficult, and cracks can easily be firmed in the test
specimens. In Japan the strength of stiff cohesive soil is frequently evaluated using the qu value, but the
qu value is very easily affected by the quality of the test specimens.

6.2.4 Dynamic analysis

6.2.4.1 Dynamic modulus of deformation

(1) For seismic response analysis, an appropriate dynamic modulus of deformation of soils shall be
determined to prescribe the relationship between the shear stress and shear strain of soil.

(2) The performance verification of seismic-resistant can be broadly classified into the static
performance verification methods and the dynamic performance verification methods. One example of
static performance verification methods is the seismic coefficient method of which the seismic force is
assumed to act on the ground or structures in the form of a static inertia force, and stability is examined
from the equilibrium of forces. In the dynamic performance verification methods, on the other hand,
dynamic magnification factors or amplification values of acceleration, speed, and deformation of
subsoils shallower than bedrock and foundation ground for structures are calculated to examine the
stability of ground or structures. As for the seismic response analysis method, both the time domain
analysis and the frequency domain analysis are used. For either method, the relationship between the
shear stress and shear strain of the soils is required.

Normally the relationship between the shear stress and shear strain in ground subjected to dynamic
actings is described by a skeleton curve and a hysteresis curve, as shown in Fig. 6.2.4.1 (a). A skeleton
curve will display remarkable nonlinearity as the shear strain amplitude becomes larger. Since the

dynamic modulus of deformation prescribes this relationship between the shear stress and shear strain,
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it must be appropriately applied when conducting a seismic response analysis.

(3) Relationship between Dynamic Shear Stress and Shear Strain of Soil

There are many models to apply the shear stress and shear strain curves of soil into analysis, such as
the hyperbolic model called Hardin-Dornevich model, and the Ramberg-Osgood model.

(4) Expression Method of Deformation Properties in the Equivalent Linear Model

To estimate the behavior of ground during an earthquake, the nonlinearity of the relationship between
the dynamic stress and strain of soil for a wide range of the shear strain amplitude must be
appropriately assessed and modeled. The relationship of the dynamic stress and strain of soil is
expressed with two parameters: the shear modulus and the damping factor in the equivalent linear
model. The shear modulus G and the damping factor h are defined with the shear strain amplitude by
equation (6.2.4.1) and equation (6.2.4.2) as shown in Fig. 6.2.4.1 (b).

G-~ (6.2.4.1)
V4

h=BW (6.2.4.2)
27w

where:
G shear modulus (kN/mz);

T shear stress amplitude (kN/mz);
Yy  shear strain amplitude;
h  damping factor;
W strain energy (kN/m?);
AW damping energy (kN/m?2).
Since the values of shear modulus G and damping factor h vary nonlinearly depending on the value of

v, @a G/G, ~y curve and h~y curve are normally drawn as shown in Fig 6.2.4.2, where G, is the shear

-6
modulus at y =10 .
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Fig. 6.2.4.1 (b) Shear modulus and damping factor
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Fig. 6.2.4.2 Shear Modulus, Damping Factor and Shear Strain Amplitude
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(5) Measurement of the Shear Modulus and the Damping Factor

The shear modulus and the damping factor must be determined by laboratory tests such as the
resonance test or cyclic triaxial test, or by the in-situ tests using elastic waves such as the PS logging
method or the cross hole velocity measurement method. The laboratory tests can be used to measure
the shear modulus and damping factor for a wide range of shear strain amplitudes from the shear strain
of 106 to the failure although undisturbed samples from the field must be obtained. The tests can also
be used to evaluate the change in the modulus of dynamic deformation due to construction of
structures. With the cyclic triaxial test, the shear modulus is determined from equation (6.2.4.3) together

with Poisson’s ratio v.

—_ % (6.2.4.3)
2¢ (1+v)

where:
o, axial stress amplitude (kN/m);
€, axial strain amplitude.

For v, the value of 0.33 is normally used for a drainage condition and 0.45 is used for an undiained
condition.
The damping factor is calculated from equation (6.2.4.2) with W and AW obtained from the stress-strain

curve similar to that shown in Fig. 6.2.4.1 (b).

In-situ tests are limited to measurements of the shear modulus that only corresponds to 10'6 level of
shear strain amplitude. Such tests have not been put to practical application to measure the shear
modulus and damping factor for the large shear strain amplitude. But the tests possess the advantage
of being able to measure the values in- situ directly. They are also used to correct the shear modulus
obtained from laboratory tests. The elastic constant of subsoil is obtained by equations (6.2.4.4) to

(6.2.4.6) from the data of elastic wave velocity measurements by a seismic exploration using bore

holes.
G, =pV2="1p? (6.2.4.4)
s Pt
E,=2(1+v)G, (6.2.4.5)
V,
2{H }
Vv,
where:

V, longitudinal wave velocity (m/s);

V, transverse wave velocity (m/s);
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G, shear modulus (kN/m2);

E, Young’'s modulus (kN/mz);

v Poisson’s ratio;
p density (t/m3);
v: wet unit weight (kN/m3);

g gravitational acceleration (m/sz).

There are various items requiring attention relating to the taking of measurements when carrying out
elastic wave exploration on soft seabed ground. These include vibration induction and reception
methods for elastic waves such as longitudinal and transverse waves, accuracy of wave profile
readings and methods for protecting bore holes.

(6) Simple Estimation of Shear Modulus and Damping Factors

In cases where it is difficult to directly measure the shear modulus and the damping factors of soils from
laboratory tests or in-situ tests, there are methods for estimating from the plasticity index, the void ratio,
the unconfined compressive strength, and the N-value. However, it is necessary to be aware that in the
method of estimating from the N-value, the variation in the estimated values is large, and the coefficient
of variation is about 0.2. For example, on the basis of the variation of N-value and S wave velocities by
Imai, for each ground type, accuracy examination of estimation error of S wave velocity is shown for
Holocene sandy and clayey soil in Fig.6.2.4.3. The horizontal axis shows the ratio of estimated values
of S wave velocity converted from the N-values and the actual values. For Holocene sandy soils the
average value of the ratio is 1.12 with a standard deviation of 0.29, an extremely large variation. For
Holocene clay soils the average value of the ratio is 0.95 with a standard deviation of 0.32. In both

cases the statistical distribution may be regarded as a log-normal distribution.
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Fig. 6.2.4.3 Estimation Accuracy for S Wave Velocity
6.2.4.2. Dynamic strength properties
(1) Soil strength against dynamic external actions is normally determined through laboratory tests. In
this case, the properties of the external forces and the subsoil conditions need to be appropriately
determined.

(2) The typical dynamic external actions encountered in ports and harbors are seismic movement and
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wave force. Seismic movements are characterized by a short period and few cyclic repetitions, while
wave forces are characterized by a long period and many cyclic repetitions. At present these dynamic
external actions are normally converted into static actions like in the seismic coefficient method. There
are the cases, however, in which it is necessary to treat them as dynamic loads like in liquefaction
analysis or in strength decrease analysis of cohesive soil of foundation ground beneath structures
exposed to waves. In such cases the dynamic strength of soils are normally obtained by cyclic triaxial
tests. When conducting cyclic triaxial tests, the cyclic undrained triaxial test method explained in ASTM
D5311.
7 Earthquakes
7.1. General
In the design of port and harbor facilities, the effect of earthquakes shall be carefully examined so that
the facilities retain appropriate seismic resistance.
(1) The following matters should be taken into consideration when investigating the seismic resistance
of structures:
a) Level of seismicity in the region, earthquakes to be examined in the analysis, earthquake
ground motion, etc.
b) Ground conditions at the construction site
c) Importance of the facilities (based on a comprehensive evaluation of social and economic
importance)
d) Earthquake resistance of the facilities.
(2) Investigation items related to analysis of seismic resistance are as follows:
a) Stability of the entire structure
b) Stability against subsoil sliding
c) Influence of liquefaction on the subsoil stability and structures
d) Stress within structural elements
e) From the standpoint of serviceability, the relative displacement of the various parts of a structure
or that between adjacent structures or subsoil.
(3) The seismic resistance of port and harbor facility must be examined with consideration of the
dynamic characteristics of the structures using the method shown in 7.3 Seismic Coefficient Method.
(4) For structures such as gravity type quaywalls that are comparatively rigid and their amplitudes of
vibration is small compared with the ground motion during an earthquake, the seismic resistance
should be examined using the seismic coefficient from 7.4 Design Seismic Coefficient and the
method shown in 7.3 Seismic Coefficient Method.
(5) For structures having a natural period close to the predominant period of seismic motion and a
small damping characteristics, or for structures having a comparatively long natural period, the seismic
resistance should be examined using the modified seismic coefficient method shown in 7.3 Seismic

Coefficient Method in consideration of the dynamic response characteristics of structures.

7.2. Earthquake Resistance of Port and Harbor Facilities in Design
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Earthquake Resistance of Port and Harbor Facilities
Port and harbor facilities shall be capable of retaining their required structural stability without losing
their function when subjected to the earthquake motion.

Table 7.2.1 Earthquake Motion and Earthquake Resistance of Port and Harbor Facilities To Be

Considered for Design

Ground motion considered for Applicable facilities Earthquake

seismic design resistance

Ground motion with a 500-year return | All facilities (except facilities that are | Do not lose their
period regulated according to other standards | function

and structures of fourth grade)

7.3. Seismic Coefficient Method
It shall be standard to use the seismic coefficient method for determining the seismic load for
structures having a comparatively short natural period and large damping factor. In this case, the
seismic load shall be determined using the seismic coefficient prescribed in 7.4 Design Seismic
Coefficient, and either one calculated by (a) or (b) below that is most damaging to port and harbor
facilities shall be applied to the centers of gravity of facilities.

a) Seismic load = seismic coefficient x deadweight

b) Seismic load = seismic coefficient x (deadweight + surcharge)
Note : The influence of the vertical component of earthquake motion on structural stability is complex,
intertwining with both the structural type and the horizontal component. Thus it is a more rigorous
examination procedure to use a vertical seismic coefficient to introduce seismic load in a vertical
direction. For practical seismic design, however, the vertical seismic coefficient is not taken into account
in order to avoid the computational complexity, because it has been shown from the results of
observations that, except for the region near seismic center, the vertical component is not so large
compared with the horizontal component. Based upon past studies and experience, moreover, the
horizontal seismic coefficient in 7.4 Design Seismic Coefficient is considered to be determined taking
into account the effect of vertical earthquake motion. It is therefore sufficient to use the horizontal
seismic coefficient in order to dertermine seismic load in design of ordinary port and harbor structures.
7.4. Design Seismic Coefficient
1) Design seismic coefficient is calculated based on peak ground acceleration agr of ground type A
(bedrock), that is taken from the partition map of peak ground acceleration in Vietnam territory at scale
1:1000.000. (refer QCXDVN 02:2008/BXD Vietnam bulding code — natural physical & climatic data

for construction).

Note: According to the value of the designed ground acceleration ag = y; * agr,, we can divided into three cases of earthquake:
- These strong earthquakes ag 2 0,08g, must calculate and design the seismic resistant;
- These weak earthquakes 0,04g < ag < 0,08g, just apply these seismic resistance solutions was mitigated,

- These weak earthquakes ag < 0,04g, without seismic resistant design.

2) The seismic coefficient shall be the horizontal seismic coefficient determined by the equation below.

The coefficient value shall be expressed in two-digit figures by rounding up if the third digit is five or
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larger or dropping the third digit when it is less than five.

(Draft)

Seismic coefficient (kn ) = regional seismic coefficient (kn1) % subsoil condition factor ( ys) x importance

factor (y).

Regional seismic coefficient, it is calculated according to equation (7.4.1)

kn1 =agr/g (7.4.1)
Where:
agr : Peak ground acceleration.
g: Gravity acceleration.
Table 7.4.1 Subsoil Condition Factor
Type of subsoil Class A Class B Class C
Factor for subsoil 0.8 1.0 1.2
conditions
Table 7.4.2 Classification by Type of Subsoil
Type of subsoil Ordinary sandy soil
Thickness of quaternary strata Gravel stratum and cohesive soil Soft subsoil
5 meters or less Class A Class A Class A
More than 5 meters and less than 25 Class B Class B Class C
meters
25 meters or greater Class B Class B Class C

Notes:

In these tables, “soft subsoil” refers to sandy soil subsoil with the N-value of SPT test

being less than 4 or cohesive soil with the unconfined compressive strength being less than 20

kN/m2. When the subsoil is composed of two or more soil layers, the type of soil should be set

by the layer with predominant thickness. If the subsoil is composed of two or more layer with the

almost equal thickness, the type of soil should be set by the layer having the largest value of the

subsoil condition factor among all the layers.

Table 7.4.3 Importance Factor

Types of Specific of structures Importance factor
structures
Special | The facilities has special importance not allowable | Design with largest
damaged by earthquake. acceleration can be
occur.
Grade | | The facilities are vital importance to the protection of the 1,25
community, the function is not disrupted during
earthquakes
Grade Il | The facilities has importance in preventing earthquakes 1,00
consequences, if collapsed causing great loss of life
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and property.

Grade Il | The facilities was not subject to the special grade, Type 0,75
1, 1V.

Grade IV | The facilities has secondary importance to the safety of Not required
human life. earthquake resistance

3) When the examination using the vertical seismic coefficient is required in the seismic coefficient

method, the vertical seismic coefficient shall be determined appropriately by considering the structural

characteristics, subsoil properties, etc.

4) General Cases of Port and Harbor Facilities

a)

b)

Factors to determine the design seismic coefficients of structures include the regional
seismicity, the subsoil conditions, the dynamic properties of the structures, and the importance
of the structures. However, the dynamic response of the structure needs not be taken into
consideration in design, because the majority of port and harbors structures have comparatively
short natural periods as well as large damping factors. In general, the dynamic response of
structures is ignored and seismic design is conducted based on the procedure given in 7.3
Seismic Coefficient Method, using the design seismic coefficient stipulated above.

In cases where it is possible to accurately determine the seismic coefficient by investigating the
factors such as the regional seismicity, ground motion characteristics, and the amplification of
ground motion due to subsoil response, the value may be used as a design seismic
coefficient. For example, when a dynamic responseanalysis of the ground is conducted with
an input earthquake ground motion based on earthquake data or strong-motion records at the
construction site, or when conducting a seismic response analysis of structures in order to
consider their dynamic response to earthquake ground motion, it is possible to determine the
design seismic coefficient based on the results of those analyses.

The importance factor of structures is not a value that could be applied uniformly depending
upon the use, type or size of the facilities, but must be determined by giving due consideration
to the social and economic characteristics of the facilities along with consideration of the
following items:

1. Earthquake resistance required for the respective function of facilites.

2. Magnitude of damage when the facility is struck by an earthquake, difficulty in restoration of
the damaged facility, and residual structural strength of the facility after damage.

3. Cargo handling capacity of the facility after damage.

When calculating the seismic load in 7.3 Seismic Coefficient Method, the design seismic
coefficient must be multiplied by the net deadweight without deducting buoyancy. In the
calculation of earth pressure, however, the apparent seismic coefficient should be used,

because the submerged unit weight that takes buoyancy into account is used in this case.
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The term “bedrock” means rock mass, sandy soil layer with the N-value of 50 or greater, clay layer
with the unconfined compressive strength q, of 650 kN/m? or greater, or subsoil with a shear

wave velocity of 300 m/s or higher.
8 Earth Pressure and Water Pressure
8.1 Earth Pressure

8.1.1 Earth Pressure at Permanent Situation

8.1.1.1 Earth pressure of Sandy soil
1) The earth pressure of sandy soil acting on the backface wall of structure and the angle of sliding
surface shall be calculated by the following equations:

- Active earth pressure and the angle of failure surface

weosy
P =K, vl +—i| cosy
{Z cos(y/— )

cos(y + & )sin (4, +5)
cos(y — B)sin(g,— B)

COt(gi_ﬁ)z‘tan(ﬁ-+5+V/—,B)+sec(¢i+5+y/_ﬂ)\/

(8-2)
2 —_—
Where: K, = cos (9’5,- l/,) 2
in(¢ +8)sin (¢ —
cos’ycos(S+y )| 1+ sin (¢, +J)sin (g, - )
cos(S5+y)cos(y — )
- Passive earth pressure and the angle of failure surface:
wcosy
p,, =K ,{ }/,hﬁ—}cos://

P p z cos(y — f3) »

cos(y + 6 )sin (4, - )
cos(y — f)sin (4, + ) (8-4)

COt(gi—/3)=tan(¢i—5—l//+ﬂ)+sec(¢i—§—w+ﬂ)\/

cos’ (¢ +y)

2 + _ [sin(¢ —9)sin(¢ +5) 2
cos l//COS(5 ‘/’){1 \/COS(5+;1/)COS(V/_:B)]

yi: unit weight of the i-th soil layer (kN/m3)

Where: Kpl. =

hi: thickness of the i-th soil layer (m)

Kai, Kpi : coefficients of active and passive earth pressures, respectively, in the i-th soil layer
Y : angle of batter of backface wall from vertical line (°)

B: angle of backfill ground surface from horizontal line (°)

0 : angle of friction between backfilling material and backface wall (°)

¢ i: angle of failure surface of the i-th soil layer (°)
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w : uniformly distributed surcharge on the ground surface (kN/m?)
2) The earth pressure at permanent situation is based on Coulomb's earth pressure theory.
3) Earth pressure at rest as expressed by equation (8-5) may be used when there is little
displacement because of the wall being confined.

p=K)> 7vh (8-5)

Where:
Ko : Coefficient of earth pressure at rest
4) Angle of Internal Friction of Soil
The angle of internal friction of backfill soil normally has a value of 30°. In case of especially good
backfilling material, it can be set as large as 40°. It is possible to use the results of soil tests and /or to
estimate the angle of internal friction of soil by reliable estimation formulas.
5) Angle of Friction between Backfilling Material and Backface Wall:
The angle of friction between backfilling material and backface wall normally has a value of +15-20°. It
may be estimated as one-half of the angle of internal friction of backfilling material.
6) Unit Weight of Soil:
The unit weight of soil normally has a value of 18 kN/m3 as unsaturated soil such as a soil above the
residual water level, and 10 kN/m3 as saturated soil below it.
7) Calculation Formula for Resultant Force of Earth Pressure
The resultant force of earth pressure is calculated at each layer. The objective force for the i-th layer
can be calculated using equation (8-6).
Pi+P _h

P=
2 cosy

(8-6)
Moreover, the horizontal and vertical components of the resultant force of earth pressure can be
calculated using equations (8-7) and (8-8).
B, = Pcos(y +9) (8-7)
P, =Psin(y +9) (8-8)
Where:

Pin: Horizontal component of the resultant force of earth pressure

Piv: Vertical component of the resultant force of earth pressure
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Fig. 8.1 Schematic Diagram of Earth Pressure Acting on Retaining Wall
8.1.1.2 Earth Pressure of Cohensive Soil
1) The earth pressure of cohesive soil acting on the backface wall of structure shall generally be

calculated by following equations:

- Active earth pressure: p, = Z;/[h,. +w-2c (8-9)

- Passive earth pressure: Py = 7k +w+2c (8-10)

where

pa: active earth pressure acting on the bottom level of the i-th soil layer (kN/m?)

pp: passive earth pressure acts on the bottom level of the i-th soil layer (kN/m?)

vi: unit weight of the i-th soil layer (kN/m3)

hi: thickness of the i-th soil layer (m)

w : uniformly distributed surcharge on the ground surface (kN/m2)

c: cohesion of soil (kN/m2)
2) The earth pressure of cohesive soil is very complex. The equations above are based on expedient
calculation methods and must be applied with care.
3) Active earth pressure can be calculated using equation (8-9). If a negative earth pressure is
obtained by calculation, the pressure should be assumed to be zero down to the depth where positive
earth pressure exerts.

4) Equation (8-11) may be used for earth pressure at rest.
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p=K>7h (8-11)

where
Ko : coefficient of earth pressure at rest.
5) Cohesion of Soil:
Cohesion of soil should be determined using an appropriate method.. For example, equation (8-12)

should be used when using results of unconfined compression tests.

q
c== 8-12
5 (8-12)

where
qu : unconfined compressive strength (kN/m?)
6) Angle of Friction between Backfilling Material and Backface Wall
In case of cohesive soil, the cohesion between backfill and backface wall should be ignored.
7) Unit Weight of Cohesive Soll

The unit weight of cohesive soil should be estimated by soil test. The wet unit weight 7 should be used
for soils above the residual water level, and the submerged unit weight 7' be used for soils below the
residual

8.1.2 Earth Pressure during Earthquake

8.1.2.1 Earth Pressure of Sandy Soil

1) Active earth pressure and the angle of failure surface from the Horizontal Surface

osy
{27” oy ﬁ)} oV (12

cos(y + 6 +0)sin(4,+5)
cot(g,—f)=—tan(g, + o +y — B)+sec(¢h+ 5 +y — f) ; ! (8-14)
( ) \/cos(w—ﬂ)sm(@—ﬂ—ﬁ)
Where:
B cos’ (¢, —w —6)
ai — B
in(¢g +0)sin(¢g—5-06
cos@cos’ y cos(5+y +0)| 1+ sin (¢, +9)sin(¢, - f~0)
cos(S+y +6)cos(y - B)
2) Passive earth pressure and the angle of failure surface from the Horizontal Surface
wcosy
=K . h +———|cos

cos(y +6—0)sin(4,—5)
cos(y — B)sin(4,+ B —-06) (8-16)

cot(gi—ﬂ)ztan(¢i—5—y/+ﬂ)+sec(¢i—5—1//+Ib’)\/

Where:
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cos’ (¢, +w —0)

sin (¢, — & )sin (g, + - 0)
cos(S+y —0)cos(y - )

pi
COSHCOSZl//COS(5—H//—9)|:1—\/

2

The notations pai, ppi. Kai, Kei, G, w, Vi, hi, @, B, & and ¢i, are the same as those defined in
8.1.2 “Earth Pressure at Permanent Situation”, equation (8-1) to (8-4). Also, 6 is defined as follows
0 : composite seismic angle (°) shown as following (a) or (b):
(a) 6 =tan'k
(b) 6 =tank'

Where:

k: seismic coefficient (above the residual water level).

k': apparent seismic coefficient (below above the residual water level)
3) Apparent seismic coefficient shall be in accordance with 8.1.2.3 Apparent Seismic Coefficient.
4) Earth pressure during an earthquake is based on the theories proposed by Mononobe 1) and
Okabe.2)
5) Angle of Friction Between Backfilling Material and Backface Wall
Angle of friction between backfilling material and backface wall normally has a value of = 15and below.
It may be estimated as one-half of the angle of internal friction of backfilling material.
6) Earth Pressure below Residual Water Level
Generally, the earth pressure distribution above the residual water level and below the residual water
level should be determined by using the seismic coefficient in air and the apparent seismic coefficient
shown in 8.1.2.3 Apparent Seismic Coefficient respectively. The composite seismic angle k is used
for soils above the residual water level, and k’ is used below it.
7) Coefficient of Earth Pressure
The coefficient of earth pressure and angle of failure surface can be obtained from the diagrams in Fig.
8.2.
8) The earth pressure theory assumes that the soil and the pore water behave integrally. Thus the
equations mentioned above cannot be applied to liquefied soil. It is necessary for liquefied soil to
evaluate the seismic stability of the ground and structures with dynamic effective stress analysis or

model tests.
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Fig. 8.2 Coefficient of Earth Pressure and Failure

8.1.2.2 Earth Pressure of Cohesive Soil
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The earth pressure of cohesive soil acting on a wall of the structure during an earthquake and the angle
of the failure surface against the horizontal surface shall generally be calculated as follows:

1) Active Earth Pressure

Active earth pressure shall be calculated using an appropriate earth pressure formula which takes the
seismic coefficient into account so that the structural stability will be secured during an earthquake.
Generally, the active earth pressure can be calculated using equation (8-17) and the angle of failure

surface using equation (8-18).

~ (Zj/ihi +w)sin(ga +o9)_ c &17)
Pa cos#sing, cosg, sing,
h+2
=tan"' [1- M tan & (8-18)
Sa 2

Where:
P.: characteristic value of the active earth pressure (kN/m?)
yi: unit weight of the soil (kN/m?3)
hi: thickness of the soil layer (m)
w : surcharge load per horizontal surface area (kN/m?)
cohesion of the soil (kN/m?)
expressed as composite seismic angle 6 = tan-1 k (°) or 8 = tan—-1 k' (°).
seismic coefficient
k': apparent seismic coefficient
Ca: angle of the failure surface (°)
2) Passive Earth Pressure:
Passive earth pressure shall be calculated using an appropriate earth pressure formula so that the
structuralstability will be secured during an earthquake.
There are many unknown factors concerning the method for determining the passive earth pressure of
cohesive soil during an earthquake. Conventionally, however, equation (1.2.10) in 1.2.2 Earth
Pressure of Cohesive Soil for obtaining the earth pressure of cohesive soil is used in line with methods
for earth pressure calculation at Permanent situation. At present, equation (1.2.10) can be used as an
expedient method.
3) The apparent seismic coefficient should be used to calculate the earth pressure of cohesive soil
down to the sea bottom during an earthquake. The apparent seismic coefficient may be set as zero
when calculating the earth pressure at the depth of 10 m from the sea bottom or deeper. However, if
the earth pressure at the depth of 10 m below the sea bottom becomes less than the earth pressure at
the sea bottom, the latter should be applied.
8.1.2.3 Apparent Seismic Coefficient:
1) The earth pressure acting on the soil below the water level during an earthquake can be calculated

by the following equation: The earth pressure acting on the soil below the water level during an
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earthquake can be calculated according to the procedures outlined in 8.1.2.1 Earth Pressure of Sandy
Soil and 8.1.23.2 Earth Pressure of Cohesive Soil, by using the apparent seismic coefficient which is

generally determined by the following equation:

v 2(Zj/ih[+2yhj+w)+7/h .
2 Y ph+ Y (y 100+ w]+(y—10)A (8-19)

Where

k': apparent seismic coefficient

vt . unit weight of soil layer above the residual water level (kN/m3)

hi: thickness of the i-th soil layer above the residual water level (m)

y : unit weight in the air of saturated soil layer (KN/m3)

hj: thickness of the j-th soil layer above the layer for which earth pressure is being calculated
below the residual water level (m)

w: surcharge load per unit area of the ground surface (kN/m2)

h: thickness of soil layer for which earth pressure is being calculated below the residual water
level (m)

k: seismic coefficient
2) Presently, equation (8-19) is generally used for calculating earth pressure during an earthquake, as
it can be applied to light-weight filling material and other new materials, and is believed to be the most
rational method.
3) On the assumption that soil grain and water move in an integrated manner with respect to soil
under the water level during an earthquake, the force of the ground motion acting on the soil would be
the product of the soil's saturated weight multiplied by the seismic coefficient. Moreover, since the soil
under the water level is endowed with buoyancy, the vertical force acting on the soil is the soil's under-
water weight. Therefore, the resultant force on the soil under the water level during an earthquake
would be different from that in the air. When calculating earth pressure during an earthquake, the
equation for determining earth pressure during an earthquake for soil in the air can also be used with
soil under water by applying apparent seismic coefficient deduced from the composite seismic angle.
The vertical force acting on soil under water includes the weight of the soil layers above the layer for
which earth pressure is being calculated as well as the surcharge load. Hence apparent seismic

coefficient is affected by these factors
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Fig. 8.3. Symbols for Apparent Seismic
8.2 Water Pressure
8.2.1 Residual Water Pressure
8.2.1.1 The residual water pressure caused by different height between sea water level and the

water level inside the port facilities are calculated by the following formula:

1) Wheny < hw: Pu = Twy (8-20)
2) Wheny2 hw: Py = 7 hy (8-21)
Where:

pw : residual water pressure (kN/m?)
pwg: unit weight of seawater (kN/m?)
y : depth of soil layer from the residual water level (m)

hw : water level difference between the water level in front and behind the facility (m)

o Resulwal Water Level

= E ¥
k.l
A SO .

Resbdunal Waler Press

Lijypaanapnnunis

b

L

Fig. 8.4 Schematic Diagram of the Residual Water Pressure
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8.2.1.2 The residual water level is determined in consideration of factors such as permeability of
backfill soil, and tidal range. Normally the height h,, will be 1/3 - 2/3 of the tidal range.
8.2.1.3 After a facility is completed, the permeability of its walls and surrounding materials may
diminish with time. Therefore, when the anterior tidal range is sizeable, it would be preferable to take
that into consideration in determining residual water-level difference.
8.2.2 Dynamic Water Pressure:
1) When there is liquid in the port facilities, it is necessary to consider dynamic water pressure to its.
Specifically, in the following cases:
a. Dynamic water pressure of pore water in the caisson filling
b. Dynamic water pressure of pore water in backfilling materials and backfilling soil of mooring
quaywalls etc.
c. Dynamic water pressure for the bottom slab reinforcement design of caisson
2) The dynamic water pressure during an earthquake for structures in water and facilities with interior
spaces that are partially or fully filled with water can be calculated using the following equation:
Py =% %km/H_y (8-22)
Where:

paw : dynamic water pressure (KN/m2)

kn : seismic coefficient

yw : unit weight of water (kN/m3)

H: height of structure below the still water level (m)

y: depth of the dynamic water pressure calculation level from the still water level (m)

The resultant force of dynamic water pressure and its acting height can be calculated by the following

equation:
7 —
pdw == Ek]/w Hy (8-23)
3
hay =S H (8-24)

Here, Pqw and hgy are the following values and ki, pw and H are equal to the values of ki, pw and H in
item (3) above respectively:
Pawg : resultant force of dynamic water pressure (kN/m)
hqaw : depth of the acting point of the dynamic water pressure resultant force from the still water
level (m).
3) The action of the dynamic water pressure both in the front and the back of the wall is directed
towards the sea.
4) In the case of structures using 8.1.2.3 Apparent Seismic Coefficient (equation (8-19)), the
dynamic water pressure acting on the front side of the wall should be directed seawards, and dynamic

water pressure on the rear side of the wall needs not be considered.
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5) Where the wall is inclined, the dynamic water pressure acting on that surface is smaller than that
acting on a vertical wall is because, the direction of motion of the water particles are diverted diagonally
upwards along the inclined surface. Dynamic water pressure in this case can be calculated using the
appropriate method.

9 Ground Liquefaction

9.1 General

9.1.1 When liquefaction is predicted and judged to occur in Ground motion due to earthquakes, the
need to implement measures against liquefaction to protect the ground, taking account of the effects of
liquefaction on structures and the surrounding situations of the facilities concerned.

9.1.2 The following methods are for the study of ground liquefaction in earthquake ground motions.

9.2 Prediction and Judgment of Liquefaction

9.2.1 The prediction and judgment of whether or not the ground is liquefied are generally performed by
proper methods using grain sizes and standard penetration test values or the results of cyclic triaxial
tests.

9.2.2 Methods of Prediction and Judgment of Liquefaction

1)  The method using grain sizes and N values is simple and easy and can be generally used for
predicting and judging liquefaction.

2)  The method using the results of cyclic triaxial tests is more detailed and can be used when the
prediction and judgment using grain sizes and N values have been found difficult and more detailed
approaches are needed.

9.2.3 Prediction and Judgment of Liquefaction Using Grain size and N-values.

9.2.3.1 Judgment based on grain size

1)  The subsoils should be classified according to grain size, by referring to Fig.2.1, to which
application depends on the value of the uniformity coefficient. The threshold value of the uniformity
coefficient (Uc= D60 /D10) is 3.5, where Uc is the uniformity coefficient, and D60 and D10 denote the
grain sizes corresponding to 60% and 10% passing, respectively. Soil is judged not to liquefy when the

grain size distribution curve is not included in the range “possibility of liquefaction” in Fig. 9.1.
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For soil with large uniformity coefficient (Ue= 3.5)
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For soil with small uniformity coefficient (Ue <3.5)
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Fig. 9.1(b) Range of Possible Liquefaction (Uc < 3.5)
2)  When the grain size distribution curve spans the “possibility of liquefaction” range, a suitable
approach is required to examine the possibility of liquefaction. For soil with a large portion of fine grain
size distribution, a cyclic triaxial test should be carried out. For soil with a large gravel portion, the soil is
determined not to liquefy when the coefficient of permeability is 3 cm/s or greater.
3)  When there are subsoils with poor permeability such as clay or silt on top of the target subsoil in
this case, however, it should be treated as soil that falls within the range of “possibility of liquefaction”.
4) A permeability test for the soil with the permeability of larger than 3cm/s shall be a special

method. A method of indirect estimation of permeability is available when the permeability
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measurement is difficult. However, care about the soil characteristics, such as content of fine particles

shall be paid to apply the indirect estimation method.
9.2.3.2 Prediction and judgment of liquefaction using equivalent N-values and equivalent acceleration

For the subsoil with a grain size that falls within the range “possibility of liquefaction” shown in Fig. 2.1,
further investigations should be carried by the descriptions below.
1)  Equivalent N-value

The equivalent N-value should be calculated from equation (9-1).

N-0.019 (&, - 65)

(Nes =
0.0041 (a" - 65) ~ 1.0 (9-1)

where
(N)ss : equivalent N-value
N:  N-value of the subsoil
o' effective overburden pressure of the subsoil (kN/m?)
(The effective overburden pressure used here should be calculated with respect to the ground elevation
at the time of the standard penetration test.)
Fig. 9.2 shows the relationship given by equation (9.1). When using equation (9-2) described below,

the N values themselves of the soil layer are assumed to be equivalent N vaues.
0 .

o Lh
=] L=
=Y

—
LA
=

]
=]
=3

[
LA
=2

effective overburden pressure (kV/m®)
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Fig. 9.2 Calculation Chart for Equivalent N-value, the Straight Lines show the Relationship
between N-values and Effective Overburden Pressures when Relative Densities are Constant
2)  Equivalent accelerations
Equivalent accelerations are calculated from equation (9.2). They are calculated for each soil layer
using the maximum shear stresses obtained from the results of the seismic response analyses of the

ground.
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By = 07 -2 g
ay (9-2)

where

Oeqg: equivalent acceleration (Gal)

7 max . maximum shear stress (kN/m2)

o’ effective overburden pressure (kN/m2) (Note that the effective overburden pressures used
for calculating equivalent accelerations are obtained based on the ground heights at the
time of earthquakes.)

g: gravitational acceleration (980 Gal)

3) Predictions and judgment using the equivalent N-value and equivalent acceleration
The subject soil layer should be classified according to the ranges labeled | — IV in Fig. 9.3, using the

equivalent N-value and the equivalent acceleration of the soil layer.
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Fig. 9.3 Classification of Soil Layer with Equivalent N-Value and Equivalent Acceleration
9.2.3.3 Prediction, judgment and correction of N-values when the fraction of fines content is relatively
large.

1)  When the fines content, grain size of 75 ym or less, is 5% or greater, the equivalent N-value
should be corrected before applying Fig. 2.3, then the subject soil should be evaluated to which range
of | to IV in Fig. 2.3 it falls. Corrections of the equivalent N-value are divided into the following three
cases.

2) Case 1: when the plasticity index is less than 10 or cannot be determined, or when the fines
content is less than 15%;

The equivalent N-value, after correction, should be set as (N)65/cN. The correction factor cN is given in
Fig. 9.4. The equivalent N-value, after correction, and the equivalent acceleration are used to determine

the range in Fig.9.4.
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Fig. 9.4 Correction Factor of Equivalent N-Value Corresponding to Fine Contents
3) Case 2: when the plasticity index is greater than 10 but less than 20, and the fines content is 15%
or higher; The equivalent N-value, after correction, should be set as both (N)65/0.5 and N + AN, and
the range should be determined according to the following situations, where the value for AN is given
by the following equation:
AN =8+0.4 (I,-10) (9-3)

(a) when N + AN falls within the range I, use range I.
(b) when N + AN falls within the range I, use range II.
(c) when N + AN falls within the range Ill or IV and (N)65/0.5 is within range |, Il or lll, use range .
(d) when N + AN falls within range Ill or IV and (N)65/0.5 is within range IV, use range IV.
4)  Case 3: when the plasticity index is 20 or greater, and the fines content is 15% or higher;

The equivalent N-value, after correction, should be set as N + AN. The range should be determined
according to the equivalent N-value, after correction, and the equivalent acceleration.

5) Fig. 9.5 shows the relationship between fines content and plasticity index which is described

above (b), (c) and (d).
F %
// I:l No corrections
/ NN\ Correction with Cx in Fig. 9.4
pd
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\ \&
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by equation (9.3)
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é

Fig. 9.5 N-Value Correction Methods by Fine Contents and Plasticity Index

9.2.3.4 Prediction and judgment of liquefaction

177



TCVN XXX-2: 2015 (Draft)

Since liquefaction predictions must also consider the factors other than physical phenomena such as
what degree of safety should be maintained in the structures, it is not possible to unconditionally
establish any criterion for judgments regarding various prediction results. Table 9.1 shows the judgment
that is considered as standard.

In this table the term “prediction of liquefaction” refers to the high or low possibility of liquefaction as a
physical phenomenon. In contrast, the term “judgment of liquefaction” refers to the consideration of the
high or low possibility of liquefaction and determination of whether or not the ground will liquefy.

Table 9.1 Prediction and Judgment of Liquefaction for Soil Layer According to Ranges | to IV

Range shown in Prediction of
. . . Judgment of liquefaction
Fig. 9.3 liquefaction

I Possibility of liquefaction occurrence is very high Liquefaction will

occur

I Possibility of liquefaction Either to judge that liquefaction will occur
occurrence is high or to conduct further evaluation based on

cyclic triaxial tests.

Il Possibility of liquefaction | Either to judge that liquefaction will not
is low occur or to conduct further evaluation
based on cyclic triaxial tests.

For a very important structure, either to
judge that liquefaction will occur or to

conduct further

v Possibility of liquefaction Liquefaction will not occur

is very low

9.2.4 Prediction and Judgment Based on the Results of Cyclic Triaxial Tests
9.2.4.1 When it may be difficult to predict and judge the possibility of subsoil liquefaction of the subject

ground from the results of grain size and N-values, the prediction and the judgment for subsoil

liquefaction should be made with the results of a seismic response analysis and cyclic triaxial tests
conducted on undisturbed soil samples.

9.2.4.2 The proper consideration of the stress state in the ground and the irregularity of the actions
caused by ground motions is important for the results of the seismic response analyses of the ground
and those of cyclic triaxial tests to show actual phenomena in the ground.

9.2.5 Judgment of Overall Liquefaction

In the judgment of overall subsoil liquefaction for a site consisting of soil layers, the comprehensive

decision should be made based on a judgment for each layer of subsoil.
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9.2.6 Liquefaction Prediction and Judgment in the Case of Long-duration Ground Motions

The liquefaction prediction and judgment method using grain sizes and N-values is an empirical
approach for the cases of ground motions whose principal motions have duration of about 20 seconds.
It should be noted that this method is likely to give prediction and judgment results on the danger side

in the cases where the ground motions concerned have long duration.

9.2.7 Liquefaction Prediction and Judgment in the Cases of Long-period Ground Motions

The liquefaction prediction and judgment method using grain sizes and N-values is an empirical
approach for the cases of ground motions whose principal motions have a period of about one second.
It should be noted that this method is likely to give prediction and judgment results on the danger side
for cohesive soil in the cases where the ground motions concerned have a long period.

10 Ground Subsidence

10.1 Influence of ground subsidence shall be assessed with appropriated methods based on the
ground conditions in consideration of the structures of the facilities, imposed load, and the surrounding
situations of the facilities concerned.

10.2 Ground Subsidence

10.2.1 Ground subsidence includes immediate settlement, consolidation settlement, uneven
settlement, lateral displacement etc. The effects of ground subsidence shall be evaluated based on
ground conditions using proper methods and properly taking account of the structures of the facilities
concerned, surcharges, and the actions caused by ground motions.

The evaluation of ground subsidence may refer to items “7. Geotechnical Conditions” of this Part Il “and

“Settlement of Foundation” in next Parts

11 Ships

11.1 Principal dimensions of design ships

11.1.1 The dimensions of design ships (hereinafter refers to the ships used as the input data in the

performance verification of the facilities subject to the Technical Standards) shall be set according to

the methods provided in the subsequent items:

1) In the case where design ships are identifiable, their dimensions shall be used.

2) In the case where design ships are unidentifiable, the dimensions shall be properly set based on
the statistical analyses of the dimensions of ships in operation
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11.1.2 Design ships are those, among the ships expecting to use the facilities concerned, which are
assumed to have the most significant effects on the performance verification of the facilities. Therefore,
in the case where design ships are identifiable, their principal dimensions may be used.

11.1.3 In the case where design ships are unidentifiable in advance such case as the public port
facilities, the standardized values of tonnages, lengths overall, lengths between perpendiculars,
molded breadths, and full load drafts by ship type shown in Table 11.1 may be used for the designs.
The standard values in Table 11.1 are prepared based on the statistical analysis of the dimensions of
the existing ships with a coverage ratio of 75% for each tonnage category. The data on the dimensions
of small cargo vessels used for the standard values vary widely, hence the dimensions of small cargo
vessels should be set using the values in Table 11.2 as references and taking into consideration the
trends of ships in ports. The gross tonnage, GT, given in Table 11.1 basically means international
gross tonnage, but in some cases it refers to gross tonnage follow standard Japan. Such cases, where
the gross tonnage, means the domestic gross tonnage, are clearly indicated in Table 11.1. Fig. 11.1

shows the principal dimensions used in the tables.

| Length overall (Lea) |
Full load water line
f_) Length between perpendiculars (Lgp)

L3 i

Forward perpendicular

W.L

After perpendicular
Molded breadth (B) |

WL

Molded depth
Full load draft (d)

o=

Fig. 11.1 Principal dimensions of ships

Table 11.1 Standard values of the principal dimensions of design ships

1 General cargo ships

Dead weight Length between
Length overall ) Molded breadth Full load draft
tonnage DWT perpendiculars Ly
Loa (M) B (m) d (m)

(t) (m)

1.000 67 61 10,7 3,8

2,000 82 75 13,1 4,8

3.000 92 85 14,7 55
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5.000 107 99 17 6,4
10.000 132 123 20,7 8,1
12.000 139 130 21,8 8,6
18.000 156 147 24 .4 9,8
30.000 182 171 28,3 10,5
40.000 198 187 30,7 11,5
55.000 217 206 32,3 12,8
70.000 233 222 32,3 13,8
90.000 251 239 38,7 15
120.000 274 261 42 16,5
150.000 292 279 447 17,7
2 Container ships
Dead weight Length Length between Molded Full load Reference:
tonnage overall perpendiculars Ly breadth draft container carrying
DWT (t) Loa (M) (m) B (m) d (m) capacity (TEU)
10.000 139 129 22,0 7.9 500 - 890
20.000 177 165 271 9,9 1.300-1.600
30.000 203 191 30,6 11,2 2.000-2.400
40.000 241 226 32,3 12,1 2.800-3.200
50.000 274 258 32,3 12,7 3.500-3.900
60.000 294 279 35,9 13,4 4.300-4.700
100.000 350 335 42,8 14,7 7.300 7.700
3 Tankers
Length between
Dead weight ] Molded breadth Full load draft
tonnage DWT (1) Length overall perpendiculars Ly B (m) d(m)
Loa (M) (m)
1.000 63 57 11,0 4,0
2.000 77 72 13,2 49
3.000 86 82 14,7 5,5
5.000 100 97 16,7 6,4
10.000 139 131 20,6 7,6
15.000 154 146 23,4 8,6
20.000 166 157 25,6 9,3
30.000 184 175 29,1 10,4
50.000 209 199 34,3 12,0
70.000 228 217 38,1 12,9
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90.000 243 232 41,3 14,2
100.000 250 238 42,7 14,8
150.000 277 265 48,6 17,2
300.000 334 321 59,4 22,4

4 Roll-On Roll-Off (RORO) ships

Gross tonnage

Length overall

Length between

perpendiculars

Molded breadth

Full load draft

GT (t) Loa (M) B (m) d (m)
Lpp (M)
3.000 120 110 18,9 5,8
5.000 140 130 21,4 6,5
10.000 172 162 25,3 7,7
20.000 189 174 28,0 8,7
40.000 194 174 32,3 9,7
60.000 208 189 32,3 9,7
(3,000, 5,000, and 10,000 GT are follow standard Japan)
5 Pure Car Carrier (PCC) ships
Length between
Gross tonnage Length overall ] Molded breadth Full load draft
T () Los () perpendiculars B (m) d(m)
Lpp (M)
500 70 11,8 3,8
1.500 94 15,7 5,0
3.000 112 103 18,2 55
5.000 130 119 20,6 6,2
12.000 135 123 21,8 6,8
20.000 158 150 244 7,9
30.000 179 175 26,7 8,8
40.000 185 175 31,9 9,3
60.000 203 194 32,3 10,4
(3,000 and 5,000 GT are follow standard Japan)
6 Liquefied Petroleum Gas (LPG) carriers
Gross tonnage Length overall Length between Molded breadth Full load draft
GT (t) Loa (M) perpendiculars B (m) d (m)
3.000 98 92 16,1 6,3
5.000 116 109 18,6 7,3
10.000 144 136 22,7 8,9
20.000 179 170 27,7 10,8
30.000 204 193 31,1 12,1
40.000 223 212 33,8 13,1
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7 Liquefied Natural Gas (LNG) carriers

Gross tonnage

Length overall

Length between
perpendiculars

Molded breadth

Full load draft

GT (1) Loa (M) B (m) d (m)
Lpp (M)
20.000 174 164 27,8 8,4
30.000 199 188 31,4 9,2
50.000 235 223 36,7 10,4
80.000 274 260 42,4 11,5
100.000 294 281 454 12,1
8 Ferries

Gross tonnage

Length overall

Length between

perpendiculars

Molded breadth

Full load draft

GT (1) Loa (M) B (m) d (m)
Lpp (M)
3.000 97 88 16,5 4,3
5.000 115 104 18,6 5,0
10.000 146 131 21,8 6,4
20.000 186 165 25,7 7,8
30.000 214 189 28,2 7,8
50.000 255 224 32,3 7,8
70.000 286 250 32,3 8,1
100.000 324 281 32,3 8,1
9-1 Short-to-medium distance ferries (navigation distance of less than 300 km in Japan)

Gross tonnage Length overall Length bfetween Molded breadth Full load draft
GT (1 Los () perpendiculars B (m) d(m)
Lpp (M)

400 56 47 11,6 2,8

700 70 60 13,2 3,2
1.000 80 71 14,4 3,5
3.000 124 116 18,6 4,6
5.000 136 21,6 5,3
7.000 141 130 22,7 57
10.000 166 155 24,6 6,2
13.000 194 179 26,2 6,7

(All are follow standard Japan)

9-2 Long distance ferries (navigation distance of 300 km or more in Japan)
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(Draft)

Length between
Gross tonnage Length overall ) Molded breadth Full load draft
perpendiculars
GT (1) Loa (M) B (m) d (m)
Lpp (M)
6.000 147 135 22 6,3
10.000 172 159 251 6,3
13.000 185 27.3 6,8
15.000 197 183 28,2 6,9
20.000 197 183 28,2 6,9
23.000 200 28,2 7,2

(All are follow standard Japan)

Bang 11.2 Reference values of the principal dimensions of design ships

10 Small cargo vessels

Dead weight
tonnage DWT

Length overall

Length between

perpendiculars

Molded breadth

Full load draft

Loa (M)
(t) Lpp (M) B (m) d (m)
500 53 47 9,4 3,3
700 58 53 9,5 3,3

11.1.4 The table for the standard values of the principal dimensions of design ships shows the
principal dimensions of ships for stepwise tonnage categories. These dimensions are obtained from
statistical analyses by Takahashi et al. with overall coverage ratio of 75%. Some ships therefore have
larger dimensions than those of the same tonnage category ships given in the table, and some other
ships with the tonnage category larger than that set for design ships have dimensions smaller than
those given in the table.
11.1.5 The regression equations for gross tonnages, GT, and displacement tonnages, DSP, are shown
in Tables 11.3 and 11.4, respectively. They are applicable on the condition that the coefficients of
determination R? and the standard deviations o around the regression equations are taken into
consideration. The regression equations for each ship type in the tables are applicable within the range
of the tonnages shown in Table 11.1.
11.1.6 The container ships of under-panamax, panamax, and over-panamax types have
characteristic dimensions peculiar to each type, and hence the setting of their dimensions may refer to
Tables 11.5 to 11.9 The setting of the dimensions of very large crude oil carrier may refer to Table
11.10
11.1.7 The heights of the ships differ considerably even in case of the same type and the same tonnage.
The performance verification of bridges and other structures crossing waterways should therefore take
account of the heights of design ships from the sea surface to the highest points. The heights of ships
can refer to the findings of the study by Takahashi et al.

Bang 11.3 Regression equations for Dead weight tonnages (DWT) and Gross tonnages (GT)
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. Coefficient of Standard
Ship type Regres-smn determination deviation
equation R? _
General cargo ship GT =0,529 DWT 0.988 2.202
Container ship GT =0,882 DWT 0.971 3.735
Tanker GT =0.535 DWT 0.992 4.276
RORO ship International Gross GT=1,780 DWT 0.752 7.262
tonnage
Domestic Gross GT=1.409 DWT 0.825 1.528
tonnage
Pure car carrier International Gross GT =2.721 DWT 0.826 7.655
(PCC) tonnage
Domestic Gross GT=1.241 DWT 0.781 676
tonnage
LPG carrier GT=0,845 DWT 0.988 1.513
LNG carrier GT=1.370 DWT 0.819 12.439
Passenger ship GT= 8.939DWT 0.862 12.285
Medium distance ferry GT=2.146DWT 0.833 1.251
Long distance ferry GT=2.352DWT 0.816 1.988

Bang 11.4 Regression equations for Dead weight tonnages (DWT) or Gross tonnages (GT) and

Displacement tonnages (DSP)

Ship type Regression equation Standard deviation o

General cargo ship DSP =1,139 DWT 0,052 DWT
Container ship DSP = 1,344 DWT 0,060 DWT
Tanker DSP = 1,138 DWT 0.145 DWT
RORO ship (International Gross Tonnage)* DSP = 0,880 GT 0,211 GT
Pure car carrier (PCC) (International Gross DSP = 0,652 GT 0,147 GT
Tonnaae)*

LPG carrier DSP =1,114 GT 0,425 GT
LNG carrier DSP =1,015 GT 0,154 GT
Passenger ship DSP =0.522 GT 0,076 GT
Medium distance ferry DSP =1,052 GT 0,337 GT
Long distance ferry DSP = 1,150 GT 0,135 GT

(Only international gross tonnage values are shown)

Bang 11.5 Principal dimensions of dontainer ships (under panamax)

Dead weight
tonnage DWT

(t)

Length between
Length overall

perpendiculars
Loa (M)

Lop (M)

Molded Full load
breadth draft
B (m) d (m)

Reference:
Container carrying
capacity
(TEU)
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5.000 109 101 17.9 6.3 300-500
10.000 139 129 22.0 7.9 630-850
20.000 177 165 27.0 10.0 1,300-1,500
30.000 203 191 30.4 11.4 2,000-2,200
40.000 225 211 30.6 12.5 2,600-2,900
Bang 11.6 Principal dimensions of container ships (panamax)
Reference:
Dead weight Length between
Length overall Molded Full load Container carrying
tonnage DWT perpendiculars )
® Loa (M) Lo () breadth draft capacity
m
i B (m) d (m) (TEU)
30.000 201 187 32.3 11.3 2,100-2,400
40.000 237 223 32.3 12.0 2,800-3,200
50.000 270 255 32.3 12.7 3,400-3,900
60.000 300 285 323 13.4 4,000-4,600
Bang 11.7 Principal dimensions of container ships (over panamax)
Reference:
Dead weight Length Length between ) )
. Molded Full load Container carrying
tonnage DWT overall perpendiculars )
breadth draft capacity
(t) Loa (m) LPP (m)
B (m) d (m) (TEU)
60.000 275/ 285 260/ 268 37.2/40.0 12.7/13.8 | 4.300- 5,400
70.000 276/ 280 263/ 266 40,0/ 40.0 14.0/14.0 | 5,300-5,600
80.000- 100.000 | 300/ 304 285/292 40,0/ 42.8 13.5/14.5| 6.300- 6,700

(This table does not show the results of statistical analyses, but shows the 1/4th and 3/4th values in

ascending order)

Hinh 11.8 Principal dimensions of container ships over 100,000 DWT

Reference:
Dead weight Length Length between Molded Full load ) )
Container carrying
tonnage DWT overall perpendiculars breadth draft )
( Loa () Ly () Bm) | dm) capacly
oa (M m m m

i (TEU)
100,870 324.0 324.0 42.0 13.0 8,000
101,570 334.1 319.0 42.8 14.5 8,204
101,6122 334.0 319.0 42.8 14.5 8,100
104,696 346.0 331.5 42.8 14.5 6,600
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104,700 346.0 331.5 42.8 14.5 6,600
104,750 346.0 331.5 42.8 14.5 7,226
107,500 332.0 — 43.2 14.5 8,400
109,000 352.0 336.4 42.8 14.5 10,150
110,000 336.7 321 42.8 15.0 9,200
115,700 366.9 351.1 42.8 15.0 7,929
156,907 397.6 376.0 56.0 16.5 11,000

(This table is prepared based on “LMIU Shipping Data (2006.8).” As of August 2006, 100 container
ships have a tonnage of over 100,000 DWT. In this table, each DWT category represents a case
where there are three or more ships with the same DWT category, and shows the principal dimensions
of the ship with the largest container carrying capacity among them except one ship of 156,907 DWT)
Bang 11.9 Principal dimensions of the container ships with a container carrying capacity of
over 8,000 TEU

Container Length
_ Length Molded Reference: Self
carrying between Full load draft
) overall ) breadth weight Tonnage
capacity perpendiculars d (m)
Loa (M) B (m) DWT (t)
(TEU) Lpp (M)
8,000 324.0 324.0 42.0 13.0 100,870
8,030 324.8 — 42.0 14.5 104,904
8,063 323.0 308.0 42.8 14.5 99,615
8,100 335.5 — 42.8 14.6 103,800
8,152 335.0 — 42.8 13.5 97,612
8,154 275.0 263.0 37.1 12.5 68,363
8,189 334.0 — — 14.5 101,906
8,200 3341 314.7 — 14.5 101,818
8,204 334.0 319.0 — 14.5 110,000
8,238 335.0 319.0 42.8 11.5 97,430
8,400 332.4 317.2 — 14.5 108,180
9,200 350.6 336.8 42.8 14.5 112,062
9,415 349.0 353.3 42.8 14.5 117,800
9,600 337.0 — — — 115,000
10,150 352.0 336.4 42.8 14.5 109,000
11,000 397.6 376.0 56.0 16.5 156,907

(This table is prepared based on “LMIU Shipping Data (2006.8).” As of August 2006, 90 container
ships have a capacity of over 8,000 TEU. In this table, each TEU category represents a case where
three or more ships with the same TEU capacity exist. The principal dimensions of the ship with the
largest DWT among them are indicated in the table except the largest ship of 11,000 TEU ship)

Bang 11.10 Principal dimensions of tankers over 400,000 DWT
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Length between
Dead weight Length overall ] Molded breadth B | Full load draft d
perpendiculars
tonnage DWT (t) Loa (M) (m) (m)
Lpp (M)
423,000 380 366 68.0 24.5
441,893 380 366 68.0 24.5
441,823 380 — 68.0 24.5
442,470 380 — 68.0 24.5

11.2 Actions caused by ships

11.2.1 General

2) Ship berthing

a) The actions caused by berthing ships to mooring facilities shall be determined using appropriate
methods, taking account of the dimensions of design ships, berthing methods, berthing velocities, the
structures of mooring facilities, etc.

b) The actions caused by berthing ships to mooring facilities shall. The performance verification of
mooring facilities, in general, shall take account of the berthing forces by ships.

c) The berthing forces caused by ships to mooring facilities can generally be calculated based on the
berthing energy of ships using the displacement-restoring force characteristics of fender systems.

d) In the normal performance verification of fender systems, in general, the berthing forces of ships are
dominant actions. The types of design ships, berthing velocities, berthing methods etc. have significant
effects on berthing forces, and hence it is preferable for the performance verification to thoroughly study
the conditions of design ships.

e) In general, the actions caused by ships rarely dominate in the performance verification of mooring
facilities. In verifying the performance of offshore berths for mooring large tankers and large ore
carriers, piled piers designed with small seismic actions and mooring facilities for ship refuge, however,
the actions caused by ships sometimes dominate in designing the structure. Careful attention should be
paid in these cases.

3) Ship motions

a) The actions caused by moored ships to mooring facilities shall be determined using appropriate
methods, taking account of the dimensions of design ships, the structures of mooring facilities, mooring
methods, the characteristics of mooring equipment, and the winds, waves and water current etc. acting
on design ships.

b) The actions caused by moored ships to mooring facilities shall include those by ship motions. The
performance verification of mooring facilities, in general, shall take account of the impact forces and
tractive forces on the mooring facilities caused by the motions of moored ships. The motions are
generated by the action of the wave forces, wind pressure forces, and water current pressure forces on
the ships. In the cases of the mooring facilities constructed at the port facing the open sea and

expecting the invasion of long period waves, or constructed in the open sea or port entrance such as
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the offshore berths or constructed for ship refuge, the wave forces have a significant effects on moored
ships. These effects shall be fully taken into consideration.

c) The impact forces and tractive forces caused by the motions of moored ships can usually be
obtained by motion simulation based on wave forces, wind pressure forces, water current pressure
forces, and the characteristics of mooring equipment.

d) The normal performance verification of fender systems shall take account of not only dominating
berthing forces of ships but also the impact forces caused by the motion of moored ships. In the
performance verification of mooring posts, the tractive forces due to the motions of moored ships
caused by the wind pressure forces are. The impact forces caused by the motions of moored ships are
strongly affected by the types of design ships, wave characteristics, the displacement-restoring force
characteristics of fender systems etc., and wind pressure forces are strongly affected by the types of
design ships, hence it is preferable for the performance verification to thoroughly study the conditions of
design ships, wave characteristics, the structures of quaywalls, the characteristics of mooring
equipment etc.

11.2.2 Actions caused by ship berthing

1) Berthing energy of ship

a) The actions caused by ship berthing are generally calculated from the berthing energy of ships.
The berthing energy of ship can be calculated from the following equation by using the mass of the ship,
the berthing velocity of the ship, the eccentricity factor, the virtual mass factor, the flexibility factor,

and the berth configuration factor. The subscript k in the equation refer to the characteristic value.

- 2¢
Ey,

M,V

mi Ce Csi Coy (11-1)

o | —

where

Er : berthing energy of ship (KNm)

Ms : mass of ship (t)

Vp  : berthing velocity of ship (m/s)

Cm :virtual mass factor

Ce : eccentricity factor

Cs :flexibility factor

Cc : berth configuration factor
b) There are methods of estimating the berthing energy of ships such as statistical methods,
methods using hydraulic model tests, and methods using fluid dynamics models in addition to
kinetic energy of method. However, regarding these alternative methods, the data necessary for
design are insufficient and the values of the various factors used in the calculations may not
appropriately properly given. Thus, the kinetic energy method is generally used.
c) If it is assumed that a berthing ship moves only in the abeam direction, then the kinetic energy
Es (kNm) becomes equal to MsV,%/2. However, when a ship is berthing at a dolphin, a quaywall or a

berthing beam equipped with fender systems, the energy absorbed by the fender systems, i.e., the
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berthing energy Ef of the ship, will become Egf considering the various relevant factors, where f = Cn,
Ce Cs Ce.

2) Mass of ship

The mass of ship in the calculation equation of the berthing energy of ships means the full load
displacement of the ship. Equation (2.2.2) may also be used to show the relations between the
characteristic values of the full load displacements (DT) and dead weight tonnages (DWT) or gross
tonnages (GT) of ships. They were calculated as the regression equations covering 75% of the total
statistical data of full load displacements (DT) with respect to dead weight tonnages (DWT) or gross
tonnages (GT), using the regression equations and standard deviations shown in Table 11.4
Regression Equations for Dead Weight Tonnages (DWT) or Gross Tonnages (GT) and
Displacement Tonnages (DSP) in 11.1. Principal Dimensions of Design Ships. The subscript k in
the equations refers to the characteristic value.

General cargo ships DTk=1,174 DWT

Container ships DTx=1,385 DWT

Tankers DT«=1,235 DWT

Roll-on roll-off (RORO) ships DTy=1,022 GT

Pure car carriers (PCC) DT«=0.751 GT

LPG carriers DT«=1,400 G

LNG carriers DT«=1,118 GT

Passenger ships DTk=0.573 GT

Short-to-medium distance ferries (navigation distance of less than 300 km) DTx=1.279 GT

Long distance ferries (navigation distance of 300 km or more) DTk=1.240 GT
Trong dé:

DT : full load displacement of ship (t)

GT : gross tonnage of ship (GT)

DWT : dead weight tonnage of ship (DWT)
3) Berthing velocity
a) It is preferable to determine the characteristic values of the berthing velocities of ships based
on actual measurements or references on the previous measurements of berthing velocities, taking
account of the types of design ships, loaded conditions, the locations and structures of mooring
facilities, meteorological phenomena and oceanographic, the usage of tugboat assistance and their
sizes etc.
b) When large general cargo ships or large oil tankers berth, they come to a standstill temporarily, lined
up parallel to the quaywall at a certain distance away from it. They are then gently pushed by several
tugboats until they come into contact with the quaywall. When there is a strong wind toward the
quaywall, such ships may berth being pulled outwards against wind by the tugboats. When such a
berthing method is adopted, it is common to use the berthing velocity of 10 to 15 cm/s based on the

past design examples.
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c) Special ships such as ferries and roll-on roll-off ships and small cargo ships often use berthing
methods different from large ships, as such that they berth by themselves without using tugboats or
they shift parallel to the face lines of quaywalls if they are equipped with bow or stern lamps. The
berthing velocities hence shall be carefully determined based on actual measurements taking account
of their berthing methods.

d) Fig. 11.2 shows the relationship between the ship maneuvering conditions and berthing velocity by
ship size. It has been prepared based on the empirical data collected. This figure shows that the
berthing velocity must be set high in such case that the mooring facilities are not sheltered by

breakwaters and are being used by small ships.

Difficult berthing
exposed

Good berthing
exposed

e/

Easy berthing
exposed

Ja
/q%\\dﬁQi
~0

Difficult berthing
sheltered

Good berthing
sheltered

mooring facilities being sheltered or not

Difficulty of ship maneuverin,

0 20 40 60 &0
Berthing velocity (cny/s)

Fig. 11.2 Relationship between Ship Maneuvering Conditions and Berthing Velocity by Ship Size
e) According to the study reports on berthing velocity, the berthing velocity is usually less than 10
cm/s for general cargo ships, but only in a few cases are over 10 cm/s (see Fig. 11.3). The berthing
velocity only occasionally exceeds 10 cm/s for large oil tankers that use offshore berths (see Fig.
11.4). Even for ferries which berth under their own power, the berthing velocity in many cases is less
than 10 cm/s. Nevertheless, since as there are a few cases in which the berthing velocity is over 15
cm/s, due care must be taken when verifying the performance of ferry quays see (Fig. 11.5). Based on
the above-mentioned study reports the cargo loading condition has a considerable influence on the
berthing velocity. In other words, when a ship is fully loaded, which results in small under-keel
clearance, the berthing velocity tends to be lower, whereas when it is lightly loaded, which results in a

large under-keel clearance, the berthing velocity tends to be higher.
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Fig. 11.3 Berthing velocity and displacement tonnage for general cargo ships

Berthing velocity (em/s)

Fig. 11.4 Berthing velocity and displacement tonnage for large oil tankers
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Fig. 11.5 Berthing velocity and displacement tonnage for longitudinal berthing of ferries

According to the survey by Moriya et al. the average berthing velocities for general cargo ships,

container ships, and pure car carriers are as listed in Table 11.11. The relationship between the dead

weight tonnage and berthing velocity is shown in Fig. 11.6. This survey also shows that the larger the
ship, the lower the berthing velocity tends to be. The highest berthing velocities observed were about

15 cm/s for ships under 10,000 DWT and about 10 cm/s for ships of 10,000 DWT or over.
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Bang 11.11 Dead weight tonnage and average Berthing velocity

. Berthing velocity (cm/s)
Dead weight
tonnage (DWT) General cargo General cargo General cargo General cargo
ships ships ships ships
1.000 class 8.1 - - 8.1
5.000 class 6.7 7.8 - 7.2
10.000 class 5.0 7.2 4.6 5.3
15.000 class 4.5 4.9 4.7 4.6
30.000 class 3.9 4.1 4.4 4.1
50.000 class 3.5 3.4 - 3.4
All ships 5.2 5.0 4.6 5.0
T | | | |
R=-0 3% O General cargo ships
A=-0.0009 A Contamer ships
M— B=64.1 % Pure car camers  _|
T=AY=B
- o
13— —
E %«
= 10— 5,9 .
C’C%’i ﬁmﬂa -
5 M & o —
| ﬁéﬁ% i
%‘2“ ﬁ&““”‘ CA
| |

0 10, I]GG "[lf)C!CI 30,000 40’\3{)

Deadweight tonnage (DT
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Hinh 11.11 Relationship between Dead weight tonnage and Berthing velocity
f) Fig. 11.7 shows a berthing velocity frequency distribution obtained from actual measurement
records of berthing velocities at offshore berths used by large oil tankers of around 200,000 DWT. It
shows that the highest measured berthing velocity was 13 cm/s. If the data are assumed to follow a
Weibull distribution, then the non-exceedence probability of the berthing velocity below the value of 13
cm/s would be 99.6%. The mean p is 4.4cm/s and the standard deviation gis 2.08 cm/s. Application of

the Weibull distribution yields the probability density function f(Vp) as expressed in equation (11-2):

1) =L expl-7, )

From this equation, the berthing velocity corresponding to the expected probability of 1/1000 becomes

(11-2)

14.5 cm/s. At the offshore berths where the berthing velocities were actually measured, a design

berthing velocity was set at either 15 cm/s or 20 cm/s
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Hinh 11.7 Frequency Distribution of Berthing Velocity
g) Small general cargo ships approach to berths by controlling their positions under their own power
without assistance of tugboats. Consequently, the berthing velocity is generally higher than that of
larger ships, and in some cases it may even exceed 30 cm/s. Hence, it is necessary to pay attention to
this. For small ships in particular, it is necessary to carefully determine the berthing velocity based on
actually measured data.
h) In cases where cautious berthing methods such as those described above are not taken, or in the
case of berthing of small or medium-sized ships under influence of currents, it is necessary to
determine the berthing velocity based on actually measured data considering the ship drift velocity by
currents.
i) Some studies proposed the regression equations for the berthing velocities of ships with respect to
daed weight tonnages. Since the ranges of ship types and tonnages to which the regression equations
of berthing velocities are applicable are limited, the results of the above studies should be carefully
used.
4) Virtual mass Factors

a) Virtual mass factors can be calculated from the following equations:
7 d

C, =1 11-3
T (11-3)
Cy =t
',
LyyBd (11-4)

where
C» : block coefficient
¥ : displacement volume of ship (m3)
Lyp: length between perpendiculars (m)
B : molded breadth (m)
d : full load draft (m)
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The calculation requires the use of the lengths between perpendiculars Lpp, molded breadths B, and
full load drafts d of design ships. The cases where design ships are of a standard ship type may use
the values shown in Table 11.1 Standard Values of the Principal Dimensions of Design Ships
included in Commentary.
b) When a ship berths, the ship with mass of Mg and the water mass of My surrounding the ship
simultaneously decelerate. Accordingly, the inertial force corresponding to the water mass is added to
that of the ship itself. The virtual mass factor is thus defined as in equation (11-5).
M+ M,

M; (11-5)

C

m

where
Cm :virtual mass factor
Ms : mass of ship (t)
Mw : mass of the water surrounding the ship, added mass (t)
Ueda proposed equation (11-3) based on the results of model tests and field measurements. The

second term in equation (11-3) corresponds to My / Mg in equation (11-5).

5) Eccentricity Factor

a) Eccentricity factors can be calculated from the following equation:

' H[_e)z (11-6)

where
| : distance from the ship’s contact point to the center of gravity of the ship measured parallel to
the face line of the mooring facility (m)
r : radius of rotation around the vertical axis passing through the center of gravity of the ship (m)
b) During the berthing process, a ship is not aligned perfectly along the face line of the berth. This
means that when the ship comes into contact with the fender systems, it starts yawing and rolling.
This results in the loss of a part of the ship’s kinetic energy. The amount of energy loss by rolling is
negligibly small compared with that by yawing. Equation (11-6) thus only considers the amount of
energy loss by yawing.
c) r/ Lpp is a function of the block coefficient Cp of the ship and can be obtained from Fig. 11.8.
Alternatively, one may use the linear approximation shown in equation (11-7).
r=(0.19C, +0.11)L,, (11-7)
Where:

r : radius of rotation (radius of gyration); this is related to the moment of inertia 1z
around the vertical axis of the ship by the relationship 1,=Mr2
Cp : block coefficient

Lpp : length between perpendiculars (m)
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The calculation requires the use of the lengths between perpendiculars Lpp of design ships. The

cases where design ships are of a standard ship type may use the values shown in Table 11.1

Standard Values of the Principal Dimensions of Design Ships included in Commentary.

0.30

0.28 ]

P

0.26

0.24 //

0.22 4

0.20

65 06 07 08 09 10
Block coefficient Cb

Length between perpendiculars { Ly)

Radius of gyration in the longitudinal direction (£ )

Hinh 11.8 Relationship between the Radius of Gyration around the Vertical Axis and the Block
Coefficient
d) As shown in Fig. 11.9, when a ship comes into contact with the fenders F{ and F2 being the

ship closest to the quaywall at point P, the distance | from the point of contact to the center of gravity of
the ship as measured parallel to the mooring facilities is given by equation (11-8) or (11-9); | is taken
to be L1 when k >0.5 and L2 when k < 0.5. When k = 0.5, | is taken as whichever of L1 or L2 that

gives the higher value of Cg in equation (11-6).

L — kel .cosf

eLzcos8

Fig. 11.9 Schematic lllustration of Ship Berthing
L, ={0.5a+e(1-k)} L, cosf (11-8)
(11-9)

L, ={0.5a—ek}L,, cos@

Where:
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L1 : distance from the point of contact to the center of gravity of the ship as measured

parallel to the mooring facilities when the ship contacts with fender F1 (m)
L2 : distance from the point of contact to the center of gravity of the ship as measured parallel
to the mooring facilities when the ship contacts with fender F2 (m)
6 : berthing angle (the value of 8 is given as a design condition; it is usually set somewhere in
the range of 0 to 10°)
e : ratio of the distance between the fenders, as measured in the longitudinal direction of the
ship, to the length between perpendiculars
a : ratio of the length of the parallel side of the ship at the height of the point of contact with the
fender to the length between perpendiculars; this varies according to factors like the type of
ship, and the block coefficient etc., but is generally in the range of 1/3 to 1/2.
K : parameter that represents the relative location of the point where the ship comes closest to
the mooring facilities between the fenders Fy and F» ; k varies 0<k<1, but it is generally taken at k
=0.5.
6) Flexibility Factor
The flexibility factor Cg is the ratio of the berthing energy absorbed by the deformation of ship hull to the
berthing energy of the ship. The characteristic value of the flexibility factor Csk may normally be set as
Csk = 1.0, assuming that there is no energy absorption by the deformation of ship hull.
7) Berth Configuration Factor
The water mass compressed between berthing ship and mooring facility behave like a cushion and
decrease the energy to be absorbed by fender systems. The berth configuration factor C¢ needs to be
determined taking account of this effect. This phenomenon is considered to relate to berthing angles,
the shapes of ship hull, under-keel clearances, and berthing velocities, but only limited quantitative
studies on the phenomenon have been made.
The characteristic value of berth configuration factor Csk may normally be set as Cgk = 1.0.
11.2.3 Actions caused by ship motions
1) Motions of moored ships
a) Actions caused by the motions of moored ships are generally calculated by motion calculation, by
appropriately setting wave forces, wind pressure forces, and water current pressure farces.
b) The ships moored to the mooring facilities constructed in the open sea or close to port entrances or in
ports where long period waves in vade and those moored in rough weather are possible to move by
the actions of waves, winds, and water currents. The kinetic energy generated by the motions of
moored ships sometimes exceeds the berthing energy. In such cases, it is preferable for the
performance verification of mooring posts and fender systems to take account of the tractive forces
and impact forces generated by the motions of moored ships. In the ports facing the open sea in
particular, it has been frequently reported that the slow drift oscillations of moored ships caused by the
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long period waves resulted in a difficulty with smooth cargo handling. Care should be taken in such
ports.

c) As a general rule, the oscillations of a moored ship should be analyzed through numerical
simulation in consideration of the random variations of the actions and the nonlinearity of the
displacement-restoring force characteristics of the mooring system. However, when such a numerical
simulation of ship motions is not possible, or when the ship is moored at a system that is considered
to be more-or-less symmetrical, one may obtain the displacement of and loads on the mooring system
either by using frequency response analysis for regular waves or by referring to the results of motion
calculation on a floating body moored at a system that has displacement-restoring force characteristics
of bilinear nature.

d) The wave force acting on a ship consists of the wave-exciting force due to incident waves and the
wave-making resistance force accompanied by the motions of the ship. The wave-exciting force due to
incident waves is the wave force calculated for the case that the motions of the ship are restrained. The
wave-making resistance force is the wave force exerted on the ship when the ship undergoes a motion of
unit amplitude for each mode of motions. The wave-making resistance force can be expressed as the
summation of two factors, one is proportional to the acceleration of the ship and the other is
proportional to the velocity. The former can be expressed as an added mass when it is divided by the
acceleration, while the latter can be expressed as a damping coefficient when it is divided by the
velocity. In addition, the nonlinear fluid dynamic force that is proportional to the square of the wave
height acts on the ship, see Actins on Floating Body and its Motions in 5.4 Wave.

e) For ships that have a block coefficient of 0.7 to 0.8 such as large oil tankers, the ship can be
replaced with an elliptical cylinder for an approximate evaluation of the wave force.

f) For box-shaped ships such as working crafts, the wave force can be obtained by assuming the
ship to be either a floating body with a rectangular cross section or a rectangular prism.

2) Wave forces

a) The wave force acting on a moored ship shall be calculated using an appropriate method,
considering the type of ship and the wave parameters.

b) The wave force acting on a moored ship is calculated using appropriate analysis methods such as
the strip method, the source distribution method, the boundary element method, or the finite element
method; the most common method used for ships is the strip method.

c) Wave forces by the strip method

- Wave force of regular waves acting on the ship

The wave force acting on the ship is given by the summation of the Froude-Kriloff force and the
diffraction force

- Froude-Kriloff force

The Froude-Kriloff force is the force derived from the progressive waves around the ship. It is given by
the summation of the force of the incident waves and the force of the reflected waves from the

quaywall.
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- Diffraction force

The diffraction force acting on a ship is the force that is generated by the change in the pressure field
when incident waves are scattered by the ship. The diffraction force can be estimated by replacing
this change in the pressure field with the radiation force, namely the wave making resistance force
when the ship moves at a certain velocity on a fluid at rest, for the case that the ship is moved relative
to fluid. It is assumed that the velocity of the ship in this case is equal to the relative velocity of the ship
to the water particles in the incident waves. This velocity is referred to as the equivalent relative
velocity.

- Force acting on the ship as a whole

The wave force acting on the ship as a whole can be calculated by integrating the Froude-Kriloff force
and the diffraction force acting on a cross section of the ship in the longitudinal direction from x=-L /2
to x=L,,,/2

d) Wave forces by diffraction theory

In the case of wide width ship, i.e., it has a block coefficient Cp of 0.7 to 0.8, there are no reflecting

structures such as quaywalls behind the ship, and the motions of the ship are considered to be very
small, the wave force can be calculated using an equation based on a diffraction theory by replacing
the ship with an elliptical cylinder.

3) Wind loads acting on ship

a) The wind load acting on a moored ship shall be determined using an appropriate calculation
formula.

b) Itis preferable to determine the wind load acting on a moored ship in consideration of the time
fluctuation of the wind velocity and the characteristics of the wind drag coefficients in respect of the
cross-sectional shape of the ship.

c) The wind loads acting on a ship are calculated from equations (11-10) to (11-11) using wind drag
coefficients Cx and Cy in the X and Y directions, respectively, and wind pressure moment coefficient

Cwm around the midship. The subscript k in the equations refers to the characteristic values.

1 53 0 oy

Ry, =5 PUik 4rCy (11-10)
I ry

Ry, =3PV 4.Cy (10-11)
1 . .

Ry, = ;/’UUA AL, Cy (10-12)

where

Cx: wind drag coefficientin the X direction (bow direction)
C,: wind drag coefficientin the Y direction (side direction)
Cwm: H wind pressure moment coefficient around midship
Ry: X-direction component of wind load resultant force (kN)
R,: Y-direction component of wind load resultant force (kN)

Rm: moment of wind load resultant force around midship (kNm)

pa: density, which may be set as pg = 1.23 x 10-3 (t/m3)
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U: wind velocity (m/s)
Ar: above-water bow projected area (m?2

A.: above-water side projected area (m2)

Lop: length between perpendiculars (m)
d) Itis preferable to determine the wind drag coefficients Cx, Cy and Cu through wind tunnel tests or
water tank tests on design ships. However, as since such tests require time and cost, it is acceptable
to use the calculation equations for wind drag coefficients are based on wind tunnel tests or water
tank tests that have been carried out in the past.
e) The maximum wind velocity, 10-minute average wind velocity, may be used as the wind velocity U.
f) Since the wind velocity varies both in time and space, it should be treated as fluctuating wind in
the motion calculation of a moored ship. Davenport and Hino have proposed the frequency spectra
for the time fluctuations of the wind velocity. The frequency spectra proposed by Davenport and Hino
are given by equations (11-13) and (11-14), respectively.

78,(f)=aKU8 —
(1+x2) (11-13)

X =12001/U,,

-
S =2856——>11 -
(/) F; {{ﬂ}}

i (11-14)
B =1.169x107 U‘—[‘f{ﬁJq
where
Su(f): frequency spectrum of wind velocity (m2/s)
U1p : average wind velocity at the standard height of 10 m (m/s)
Kr . friction coefficient for the surface defined with the wind velocity at the standard
height; on the sea, it is considered that Ky = 0.003 is appropriate.
a : power exponent when the vertical distribution of the wind velocity is expressed by
a power law [Uc(Z/10)9]]
z : height above the surface of the ground or the water (m)
m : correction factor relating to the stability of the atmosphere; m is taken to be 2 in

case of a storm.
4) Water Current Pressure Forces Acting on Ship
a) The current pressure force due to water currents acting on a ship shall be determined using an
appropriate calculation formula.
b) Current pressure force caused by currents from the bow
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The current pressure force developed between a ship and currents from the bow can be calculated from
equation (11-15).
The subscript k in the equation refers to the characteristic value.
Rw = 0,0014SV,2 (11-15)
where
Rf : current pressure force (kN)

S :submerged surface area (m2)

V : current velocity (m/s)
c) Current pressures force caused by currents from the side
The current pressure force caused by currents from the side can be calculated from equation (11-16).
The subscript k in the equation refers to the characteristic value.

Rk = 0,5p,CV«?’B (11-16)
where

R : current pressure force (kN)

po : density of seawater (t/m3)

C : current pressure coefficient

V : current velocity (m/s)

B : under-water side projected area of ship (m2)
d) Water current pressure force consists of frictional resistance and pressure resistance. The currents
from the bow and the side mostly generate frictional and pressure resistances, respectively, but these
two resistances cannot be rigorously distinguished. Equation (11-15) is a simplified one substituting

po = 1.025 t/m3, t = 15°C, and po = 0.14 into equation (11-17) called Froude’s formula.

The subscript k in the equation refers to the characteristic value.

Ry, = Pogﬁ-{l i 0'“{?&? i ’)}SV; 22 (11-17)

where
Rf : current pressure force (kN)
P9 : unit weight of seawater (kN/m3)
t :temperature (°C)
S : submerged surface area (m2)

V : current velocity (m/s)
A : coefficient, which can be set as A = 0.14741 for a length overall of 30 m and A =
0.13783 for a length overall of 250 m.

e) The current pressure coefficient C varies according to the relative current direction 8 ; the values

obtained from Fig. 11.10 may be used as a reference
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Fig. 11.10 Current Pressure Coefficient C

5) Characteristics of Mooring System

a) For an motion calculation of a moored ship, the displacement-restoring force characteristics of the

mooring system such as mooring ropes and fenders shall be modeled appropriately.

b) The displacement-restoring force characteristics of the mooring system such as mooring ropes

and fenders is generally nonlinear. Moreover, the displacement-restoring force characteristics of

fenders they may possesses hysterisis nature. In that case, it is preferable to model these
characteristics appropriately for the motion calculation of a moored ship.

11.2.4 Actions due to Traction by Ship

1) The values given in Table 11.12 shall generally be used for the standard values of the tractive
forces caused by ships to mooring posts and bollards.

2) In case of the mooring post, it shall be assumed that the tractive forces by ships specified in the
Iltem (1) act in the horizontal direction, and the half of the tractive forces act in the vertical direction
at the same time.

3) In case of the bollard, it shall be assumed that the tractive forces by ships specified in the ltem
(1) act in all directions.

Bang 11.12 Standard Values of Tractive Forces by Ships

. Tractive force acting on Tractive force acting on
Gross tonnage of ship (t) ]
mooring post (kN) bollard (kN)
Over 200 and not more than 500 150 150
Over 500 and not more than 1,000 250 250
Over 1,000 and not more than 2,000 350 250
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Over 2,000 and not more than 3,000 350 350

Over 3,000 and not more than 5,000 500 350

Over 5,000 and not more than 10,000 700 500
Over 10,000 and not more than 20,000 1.000 700
Over 20,000 and not more than 50,000 1.500 1.000
Over 50,000 and not more than 100,000 2.000 1.000

4) Mooring posts are installed away from the face line of quaywall, around the both ends of a berth
so that they may be used for mooring a ship in a storm. Bollards, on the other hand, are installed
close to the face line of the mooring facilities so that they may be used for mooring, berthing, or
unberthing a ship in normal operations.

5) Regarding the layout and names of mooring ropes of a ship, see: Dimensions of Wharves in Part 5.
6) Regarding the layout and structure of mooring posts and bollards, see: Mooring Posts and
Mooring Rings in Part 5.
7) It is preferable to calculate the tractive forces acting on mooring posts and bollards based on the
breaking loads of the mooring ropes of design ships, meteorological and oceanographic conditions at
the installation places of mooring facilities, ship dimensions etc., taking account as necessary of the
forces caused by berthing ships, the wind pressure forces acting on moored ships, and the forces
caused by the ship motions. The tractive forces may also be determined according to the following
Items (8) to (12).
8) In case that the gross tonnage of a ship exceeds 5,000 tons and there is no risk of more than one
mooring rope being attached to a bollard that is used for spring lines at the middle of mooring facilities
for which the berthing ships are designated, the tractive force acting on a bollard may be taken as one
half of the value listed in Table 11.12.
9) The tractive forces by the ships of a gross tonnage of less than 200 tons or more than 100,000
tons, which are not given in Table 11.12, those applied to the mooring facilities capable of mooring
ships in rough weather, and those applied to the mooring facilities installed in the open sea area where
meteorological and oceanographic conditions are rough need to be determined, taking account of
meteorological and oceanographic conditions, the structures of mooring facilities, measurement
records of tractive forces, etc.

10) The tractive force acting on a mooring post has been determined based on the wind pressure

force acting on a ship in such a way that a lightly loaded ship should be able to be moored safely even

when the wind velocity is 25 to 30 m/s, with the assumption that the mooring posts are installed at the
place away from the face line of the quaywall by a ship’s width and that the breast lines are stretched in

a direction of 45° to the ship’s longitudinal axis. The tractive force so obtained corresponds to the

breaking strength of one to two mooring ropes. For a small ship of gross tonnage up to 1,000 tons, the

mooring posts can withstand the tractive force under the wind velocity of up to 35 m/s.

11) The tractive force acting on a bollard has been determined based on the wind pressure force acting

on a ship in such a way that even a lightly loaded ship should be able to be moored using only bollards
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under the wind velocity of up to 15 m/s, with the assumption that the ropes at the bow and stern are
stretched in a direction at least 25° to the ship’s axis. The tractive force so obtained corresponds to the
breaking strengths of one mooring rope for a ship of gross tonnage up to 5,000 tons and two mooring
ropes for a ship of gross tonnage over 5,000 tons.

12) When determining the tractive force of a small ship of gross tonnage up to 200 tons, it is preferable
to consider the type of ship, the berthing situation, the structure of the mooring facilities, etc.28) For
the performance verification of mooring posts and bollards for ships of gross tonnage up to 200 tons, it
is common to take the tractive force acting on a mooring post to be 150 kN and the tractive force
acting on a bollard to be 50 kN.

13) When calculating the tractive force in case of ships such as ferries, container ships, or passenger
ships, caution should be taken in using Table 11.12, because the wind pressure-receiving areas of
such ships are large.

12 Environmental Actions

12.1 The environmental factors affecting to marine Port Facilities

Port Facilities directly affected by environmental factors as follows:

- Climate Changes

- Sea level rise

- Invasive really salty

- Tide

- Waves and Tsunami

- Storms and Storm Wind

- Earthquakes and natural disasters

- Other factors ...

12.2 Influence of environmental impact to Port Facilities

- Corroded structures

- Damaging to Port Facilities

- Reduced Port Facilities life

- Destroy structures

12.3 Assessing the environmental impact to Port Facilities

Environmental influences shall be assessed with appropriate methods by taking account of the design
working life of the facilities, material characteristics, environmental conditions, maintenance methods,
and the conditions to which the facilities concerned are subjected.

Investment projects of marine port facility construction must be assessed environmental impact under

the provisions of the Environment Act.

204



Tcvn XJatafth1s

13 Self Weight and Loads Action

13.1 General
Self weight shall be appropriately set based on the unit weight of the material.
Loads action shall be appropriately set by considering the assumed usage conditions of the facilities
and others.
When verifying the performance of port facilities, self weight and loads action shall be considered, as
necessary.
13.2 Definition of Self Weight and Loads Action
Self weight: the weight of the structure itself
Loads action: the weight loaded on top of the structure.This is divided into static load and live load.
(a) Static load: The actions such as general cargo and bulk cargo loaded on aprons, transit sheds, and
warehouses are included in static load.
(b) Live load: The following shall be considered as live load as necessary, when verifying the
performance of port facilities.
1) Train load
2) Vehicle load
3) Cargo handling equipment load
4) Sidewalk live load
The self weight and loads action used in the performance verification of port facilities must be set in due
consideration of the type of actions on the objective facilities and their loading conditions. In particular,
the self weight and loads action have a large effect on the performance verification of circular slip failure
of quaywalls, beams and slabs of piers. Therefore, sufficient care should be taken when determining
the types and sizes of self weight and loads action.
13.3 Self Weight
In the performance verification of the facilities to which the technical standards apply, the self weight
must be appropriately set based on the unit weight of the material.
As the characteristic values of the unit weight used in the calculation of self weight, the values given in
Table 13-1 may be generally used. However, in cases where the unit weight can be specified in
preliminary survey or other ways, the values in Table 13-1 are not always applicable.
(3) Unit weights of stone, sand, gravel, and rubble depend on the stone quality, while unit weights of
materials other than metals such as steel and aluminum vary according to individual cases. When
using these materials, the characteristic values for unit weight must be decided with care.

Table 13-1 Characteristic Values of Unit Weights of Materials

Characteristic values of unit
No Material 3
weight (T/ m°)
1 Steel and casting steel 7.85
2 Ferrous metals 7.25-7.85
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3 Casting iron 7.1

4 Aluminum 2.75
5 Reinforced concrete 2.5

6 Un-reinforced concrete 2.2

7 Timber 0.78
8 Asphalt concrete 2.26
9 Stone (granite) 2.6
10 Stone (sandstone) 2.5
11 Stone 1.5
12 Sand, gravel, and rubble (dry) 1.6
13 Sand, gravel, and rubble (wet) 1.8
14 Sand, gravel, and rubble (saturated) 2.0
15 Sand 1.2
16 Grava 1.4

13.4 Loads Action

Loads action used here means the actions such as static load, snow load, train load, vehicle load,
cargo handling equipment load, and sidewalk live load, and when setting them it is necessary to
appropriately consider the assumed usage conditions of the facility.

Characteristic values of surcharge shall be appropriately set, considering the usage conditions of port
facilities, such as the type and volume of the cargo handled, and the handling methods.

13.4.1 Static Load

13.4.1.1 Static load in permanent situation

(a) When determining the characteristic values static load in permanent situations, it is preferable to
adequately consider the factors such as type of cargo handled type of packing, volume, handling
methods, and loading time.

(b) Generally, in the performance verification, a mean value for each section in an apron, a shed, or a
warehouse is used as the static load. However in the performance verification of structural materials,
the static load itself is often used. The static load acting on an apron has a large effect on the stability
verification of mooring facilities, so it is necessary to consider it separately from the static loads on other
facilities such as sheds and warehouses. For an apron, the mean value of the static load per one block
usually stays constant by the scale of the mooring facility and the type of cargo handled, and the mean
value may be determined with reference to the previous examples of verifications. In the case of
general-purpose wharves, the values from about 1 to 3 T/m2 are often used as the characteristic values
of the static load acting on aprons. As for the aprons where heavy cargo such as containers and steel
is handled, it is preferable to determine the value of the static load based on the study of usage
conditions.

(c) The characteristic values of unit weights for bulk cargo have been obtained based on surveys of the

past actual conditions, which are listed in Table 13-2:
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Table 13-2 Characteristic Values of Unit Weights for Bulk Cargo

Commodity Characteristic values of unit weight (T/m?)
Coke 0.5
Coal (lump) 0.9
Coal (fine) 0.8
Iron ore 20-29
Cement 1.5
Sand, gravel and rubble 1.9

13.4.1.2 Static load during ground motion

(a) It is preferable to determine characteristic values of the static load during ground motion in variable
and accidental situations by adequately predicting whether a static load will act or not when the design
earthquake occurs in future. Existence or nonexistence of a static load differs from the facilities
including sheds, warehouses, open storage yards and aprons. It is assumed that the size of the static
load during design ground motion is under control of a probabilistic concept.

(b) Static load during ground motion for sheds, warehouses, open storage and yards may be set
according to their types of usage. On the other hand, for facilities such as aprons used as cargo
handling facilities where cargo is only placed temporarily, the static load will vary tremendously
depending on whether cargo loading operations are underway or not. Therefore, when using static load
during ground motion in the process an earthquake occur, it is preferable to assume the mean value of
the static load as the characteristic value and to multiply this value by the partial factor 0.5.

13.4.1.3 Unevenly Distributed Load

(a) When verifying the performance of a structure as a whole, the unevenly distributed load may be
converted to a uniform load in an area of an apron, transit shed or warehouse. However, where a large
concentrated load acts on the structure, it should be considered as the concentrated load.

(b) It is not usually the case where materials such as cargo are evenly loaded over the entire area.
However, as an example, when steel is placed on timber pillows, it can be assumed that its weight acts
as a line load. In this case it is preferable to assume the weight is a concentrated load such as line load
or point load.

(c) When considering a given area, even though the mean value of unevenly distributed load may fall
within the value of the replaced uniform load, it is necessary to take account of the case where uneven
load acts as a concentrated load. For example, in the case of a sheet pile quaywall, it may be
dangerous if a large concentrated load acts on the back of the quaywall. Similarly, in the case of a
piled pier, if a concentrated load acts in the center, the pier may break. Such possibilities should be
considered when setting the static load.

13.4.2 Live Load

13.4.2.1 Train Load

Train load shall be applied in such a way to induce the maximum effect on the structures or their
members, by taking into consideration the net weight, loaded weight, and axle arrangement of the train

or cars which are generally used for the objective section of track. In doing so, train load shall be
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applied as a full set of multiple loads in succession without dividing it into two or more separate sets.
13.4.2.2 Vehicle Load

The vehicle load specified here corresponds to that (T load and L load) specified in the Highway Bridge

Specifications and Commentary.

The international regulations concerning the dimensions and maximum gross mass of containers are

set out by the International Organization for Standardization (ISO) as listed in Table 13-3

Table 13-3 Standard Dimension of Containers

Length (L) Width (W) Height (H) M:lxm:;:n:g(iross
Type Mass
223 Allowance i Allowance Allowance Allowance Allowance - Allowance
mm ftin ) mm fi mm frin - kg b
mm 110 mm 110 s mm 510
0 0
2 * * 7
1AAA 2.896 5 96 3016
1AA 0 0 0 0 2.591* 0, 8 6* 0
12.192 40 ; 2.438 _ 8 ; -5 -3/16 30.480* | 67.200%
-10 -3/8 -5 -3/16 3 i
5
1A 2438 5 8 316
1AX 2,438 =8
1] 0
2 * *
1BBB 2.896 5 96 316
= 0 0
1BB 0 0 0 0 2.591* 86* .
25 o) /4 7 43 -5 -3/16 75 * *
9125 10 2911 1/4 3116 2438 5 8 316 = - 25,400 56.000
2
1B 2438 s 8 316
1BX =2.438 =8
2 - 0 0
2 ® *
1CC 2.591 5 86 316
6.058 0 1910 1/2 g 2 438 g 8 0 0 0 24 000* 52.900*
1c = -6 - -1/4 = -5 -3/16 2.438 ! 8 - -
-5 -3/16
1CX <2438 <8
0 0
1D 0 0 0 0 2438 = 8
2 / 2 -5 -3/16 * [ 27 *
2991 5 9934 3716 2438 5 3 16 10.160 22400
1DX <2438 =8

*
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Fig 13-1 Tractor-Trailer Height, ect., when loading container
13.4.2.3 Cargo Handling Equipment Load
Cargo handling equipment load indades three types: mobile, travelling on rail and fixed equipment, and
the respective actions can generally be considered as follows:
+ As the characteristic values of mobile cargo handling equipment load, the total self weight, the
maximum wheel load, the maximum load of the outrigger operation, or the maximum contact load of
crawler of the mobile cargo handling equipment may be used.
+ As the characteristic values of travelling on rail cargo handling equipment load, the total self weight or
the maximum wheel load considering the wheel interval and number of wheels may be used.
+ As the characteristic values of fixed cargo handling equipment load, the maximum hoisting load may
be used.
Cargo handling equipment continues to grow in size, and it is preferable to appropriately set the design
conditions after fully studying the size of cargo handling equipment that is expected to be used in the
objective facilities.
13.4.2.4 Mobile Cargo Handling Equipment Load
Mobile cargo handling equipment includes tire-mounted multi-purpose jib cranes, rough-terrain cranes,
allterrain cranes, tractor cranes, crawler cranes, container cargo handling equipment including straddle
carriers, transfer cranes, front fork lifts, and side rollers, fork lifts, and log loaders. Machines such as
tire-mounted multi-purpose jib cranes and tractor cranes that use an outrigger give a relatively large
concentrated load, so it is preferable to assume the most dangerous loading arrangement for the

performance verification. Table 3.2.2 shows examples of the dimensions of multi-purpose tire-mounted
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jib cranes.

Table 13-4 Examples of Dimensions of Tire-mounted Multi-Purpose Jib Cranes

Main Chassis Dimensions (m)
Rated \\l;;t:[ln Maxi- st " Maximum Wheel Maximum Ground
Type ity 2 mn ota Wheel Axle aln Load When Moving | Contact Pressure During
Load (t) Equlgpcd Ol?e“" W}}hh Bics | Didisnes He}ght (kN /wheel) Operation (*3) (kPa)
(t) ting (*1) (*2)
Radius
34.0 289 24.0 8.8 8.0 4.0 375 217 527
. 341 305 30.0 11.0 252 35 48.0 255 174
Jib Crane
38.0 340 32.0 11.5 8.5 34 514 147 882
40.0 370 34.0 12.0 0.7 4.3 595 320 (axle load) 280
34.0 406 30.0 13.0 150 5.0 425 142 358
Double Link [ 34 402 30.0 12.8 15.0 5.0 45.0 139 301
Drawing == o . - - =
CEE 34.5 425 28.0 117 10.0 4.5 39.0 204 314
375 417 32.6 12.0 8.0 5:3 52.0 139 203

Notes : (*1)“Total width” is the total width of the moving portion.
(*2)“Total height” is the height of the highest portion of the jib at the smallest operating radius.
(*3)“Maximum ground contact pressure during operation” is the contact pressure of the outrigger during

operation.
=T ==
I/ - ll_j
{ = (Total Width)
" T 3,000
I
(Total Height)
3,740

L

4,670 (Axle Distance) 5,300 2,320
(Total Length) 12,290

Fig. 13-2 Rough-Terrain Crane
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Fig. 13-4 Tractor Crane
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Table 13-5 Dimensions of Rough-Terrain Cranes,All-Terrain Cranes, and Tractor Cranes

Main Chassis Dimensions (*1) (m)
Tvpe Maximum | Total Weight Largest . Maximum Axle
i Lift Load (t) | Equipped (t) Total Total Total Axle Wheel | 1454 (#2) (kN)
Length Width Height . Distance
= = Distance
16 19.7 8.23 2.20 3.14 3.20 1.82 97.5
25 26.5 11.21 2.62 345 3.65 217 131.2
Ruugh- 35 326 11.57 275 3.55 3.90 2.24 163.9
Terrain Crane
50 37.8 11.85 2.96 3.71 4.85 2.38 185.3
60 39.6 12.29 3.00 3.74 5.30 242 194.4
100 60.0 13.53 257 3.95 6.00 2.32 147.1
. 160 87.5 16.58 3.00 3.98 8.80 2.56 171.6
Allc-f::em 360 90.0 17.62 3.00 4.00 10.24 2.55 154.9
400 126.0 18.29 3.00 4.10 11.30 2.56 179.5
550 132.0 18.00 3.00 4.25 11.30 2.56 198.1
120 94.7 15.38 3.40 4.00 7.38 2.76/2.52 3928
Tractor Crane 160 131.4 16.72 3.40 4.05 7.30 2.83/2.54 543.8
360 114.0 17.52 3.40 4.34 9.25 2.83/2.54 2977
Notes : (*1) “Main chassis dimensions” are the dimensions when moving inside the yard.
(*2) “Maximum axle load” is the maximum value of the axle loads when moving inside the yard
‘{ |:| ) q_\\hf&- ¥
&5 [L =N '
%‘b‘ e
ay
oof 1] M i
= . I L ==
H = o
i H -
] — — =
i L
2 I'I |
= 2 I
= [
f 'I 5
| | L | | | ]
F | : : :
- 5 |
1
1!—| L %@'Qﬁa <) ¥ I
3075 | A0H) ‘
3940 1600 [ L600] 4301 o 3150
i 15830 o
Fig. 13-5 Straddle Carrier
Table 13-6 Dimensions of Straddle Carriers
Total Main Chassis Dimensions (m) Maximum
Machine Handled Rated ; Operating
: T
Name Containers (ft) | Load (1) E :.:;eagé::; ®|L 'Ic;tla] ) ‘;Giiilll I-'IT r.n_Iail D_A:LIE Wheel Load
quipp ength ( 1 erght 1stance (kN/wheel)
A 20. 40 35 60 15.8 4.5 13.6 8.1 117
B 20.40 40 59 12.2 53 12.6 74 122
C 20, 40, 45 35 59 174 4.5 137 8.0 124

Notes : (*1) “Total length” is the total length when handling a 40-foot container.
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Fig. 13-6 Crawler Crane
Table 13-7 Dimensions of Crawler Cranes
Total Weisht Main Chassis Dimensions (m) Crawler Ground
Lift Load (t) Equipped () | Total Heieht Crawler Total | Crawler Total | Crawler Shoe | Contact Pressure
= Length Width Width (kPa)
30 33 472 4.49 3.30 0.76 54
45 45 512 540 430 0.76 60
50 49 5.25 §.57 4.35 0.76 61
70 71 6.18 5.99 483 0.80 80
80 85 6.56 6.32 4.90 0.90 86
90 89 6.64 6.40 490 0.85 91
100 122 792 7.88 6.17 0.92 90
150 161 8.49 8.49 7.07 1.07 89
200 193 8.49 9.18 7.07 1.07 103
300 284 9.83 9.76 8.22 1.22 127
350 294 7.82 10.14 8.79 1.29 120
450 390 10.12 11.51 9.50 1.50 122
800 1.190 - 14.68 12.80 2.00 127
HOIST DEVICE
TROLLEY DEVICE : |i é
I I 1 I m
TOP OF TR.RAIL
BOJROLLEY TRAVEL RANGE 19070 1650
;5&- g 2200 |( * 24768)
& = I iy g i T
-“rt::br:::‘ ) é an | - ﬂ;:‘_ -
(Sl A -
HYD.UNIT | gg%l g{ ol ‘ \;] ‘
FUEL TANKY, = E t . CONTROL PANE]
R ] I LOHT 25 | :i: RESIIIS(,TI?? LIGHT
e b s
b‘s*o:—r'ﬁo'o—tztsw s * | 20770 |*—-[55°° o0 E‘%ﬁ\ﬁ'@g
MAX. 10650 1250 e ———3470(SPAN) =50 MAX. 10650

26020

Fig. 13-7 Transfer Crane
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Table 13-8 Dimensions of Transfer Cranes

(Draft)

Total Main Chassis Dimensions (m) Maximum Number

Machine Handled Rated WO. :ht ) l ) Theel Operating Wheel | of Wheels

Name |Containers (ft) | Load (1) E 11iel:ed ) Tota T?ta Tqra W 1§e Load (Wheels/

quipp Length | Width | Height | Base (KN/ wheel) Corner)

A 20. 40 36.0 133 26.1 12.0 21.5 6.4 281 2
B 20, 40. 45 40.6 119 26.0 11.3 21.1 6.4 275 2
L& 20, 40. 45 40.6 129 26.3 12.2 21.8 6.4 293 2
D 20. 40. 45 40.6 140 258 11.7 244 6.4 295 2
E 20. 40. 45 51.0 150 258 127 28.3 8.0 327 2
F 20. 40. 45 40.6 129 26.0 11.3 21.1 6.4 142 4
G 20.40.45 50.0 150 26.0 10.7 21.8 6.4 167 4

13.4.2.5 Rail-Mounted Cargo Handling Equipment Load

Rail-mounted cargo handling equipment includes container cranes, pneumatic unloaders, double link

drawing cranes, and double link unloaders.

In the case of large cargo handling equipment such as

portal bridge cranes and ore unloaders, it is necessary to appropriately consider items such as the

actions of seismic movement, wind load, and impact loads during cargo handling.
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Table 13-9 Dimensions of Container Cranes

Tcvn XJatafth1s

_ Handled _ Main Chassis Dimensions (m) Maxj.mpm Number
Machine N Rated Total Weight . d Bk | ol | nugl |-wil Operating | of Wheells
Name ) Load (t) | Equpped (t) ook Span reach | Width | Height | Base whe:&\l Load {\Yheels,.-

(kN/wheel) | Corner)
A 20, 40 305 580 310 160 10.0 270 63.0 18.0 406 8
B 20, 40 30.5 627 31.0 16.0 90 28.0 72.0 18.0 314 8
C 20, 40 30.5 668 31.0 16.0 9.5 270 46.0 18.0 314 3
D 20, 40 305 635 400 16.0 11.0 270 80.5 180 343 8
E 20,40 40.6 1,127 500 300 15.0 270 731 18.0 577 3
F 20, 40, 45 40.5 890 471 300 15.0 280 100.0 18.0 558 3
G 20, 40, 45 40.6 965 50.0 30.5 15.0 28.0 102.3 18.0 394 10
H 20, 40,45 406 1,030 50.5 30.0 14.0 26.5 650 180 720 8
I 20, 40,45 50.0 993 52.6 30.0 15.0 26.5 105.0 180 744 8
J 20, 40,45 65.0 1,360 63.0 30.0 16.0 26.5 1272 16.5 711 8

13.4.2.6 Stationary Cargo Handling Equipment Load

Stationary cargo handling equipment includes stationary jib cranes and stationary pneumatic unloaders.
13.4.2.7 Sidewalk Live Load

Characteristic values for sidewalk live load may usually be 5 kN/m2. However, it is preferable to

appropriately set the characteristic values for special kinds of facilities by considering the usage

conditions of the facilities.
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