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Marine Port Facilities T Design requirements - Part 21 Loads
and Actions

1 Scope of application

Thi s standard re@ueltatomst headissagd of new constru
upgrading and maintenance of all types of seaport |
NOTE 1. In this standard, two design methods according to | i mi

to the method of c odnmpwinreqht B&b&E&4IDesignt according to the meth
coefficients anfdbdwiandg c@@DIf20cZ0 nt s

NOTE 2. Designers may use onhe of the twotdesiega mexhoaode ménbbdt
met hods in one project.

2 Reference document s

The following referenced documents are essenti al
referenced documents stating the year of publicat]i
documents without publication yuedirng téame nldanteendts \‘ae

suppl ements (i f any):

QCVN 02:2022/ BXDk Ruyqge g®% I'w Qi ki nhi°n d%ng trong
d ng;

TCVN 419552 xlgygpdn€hng phghp kBk@€lri °ng trong;ph,ng t
TCVN 4196H20X@ygRh€ehng ph&p, Xcv Lh¥m trong ph,ng th
n g hm;

TCVN 4197 H20X@ygRhehng phahm g8 Td v i @i Eyh trong

ph, ng tm2 nghi

TCVN 41995b120x1@ygRin€hng phBp. cx8ohgdic t rong phmng th2 n
m§ydhc iy ;

TCVN 4200512 0xi@ygRin€hng phB8p x8ahlLn®n | %n ‘tnm;ong ph,n
TCVN 4202b6120x1€yg @8 c ph€ehng ph&hhk@am BEch trong ph,ng
nghm;

TCVN 5747H5bll 9x9Cyg Rim©rtdi | o

TCVN 8421: 2010, iCThgrngrvcnhl8cpuwl °n ctng tr3nh do s

TCVN 87215B120x1@yg dt ! ng. yt' ilkPhhehtnly ph8p k8¢ €M g chh
khinlBth v nisth a bl ir trong phmng th2 nghi

TCVN 8723520x1@yg du® ng. yt' ikPhhehtnly ph8p &8 &in La B
trong ph, mg th2 nghi



TCVN 8729HB120x@yg dt ! ng, yt' il*Phhehtnly ph8p kX80 €W Rch
ca b;

TCVN 8868: 20l ,x §’ch2les nigh&in gk k! Wjgrk bt ng t.hco &t kpce
t ho§tc mel d2nh/tt ®n bchi tr

TCVN 9153: 2012,y @*Prhgehtnrg® rpmigtphtic fakuh 2~ m g ¥ui bL ;

TCVN 935052 0x@ygRih€hng ph§Hx pén-hy Emxv ch a Bt
hin tmg

TCVN 9351Bbt20xiQ@yg Rim€hng ph&pn fhii2t nng@Thhiz "mg kiuy°n ti
chX¥n (SPT) ;

TCVN 9437:2012, ’'dhetanc ttrhgt m rd3, n hi;

TCVN 9846: 2013, Quyxutyrednn ht otnhb2 pr hlcg &P Tlu ;

TCVN 9901: 2014,y OYregfutcrfghik°® ;i

TCVN 11419%n2g0 1t6Mu YLlbuifu c ft ik

TCVN 913:8260 1 Bt,/J&Tthnig t v 3 & §blEh

TCVN 1182&%0 CtnglngWmh° uc fthjikP Fn 1: Ndeu ye°hubtga f t )

OCDI 2002 & 2009, Techni cal Standards and Comnm
Japan ( Ki °luhdic haw! nglntgr 3wkchn lgc dtl hfB) ;

OCDI 2020, Technical Standards and Commentaries
chX¥n :k hdu c?t nglntgr 3wkichnlgc &t h[BB) ;

BS 6429 2016, MafRdrinel Qomn@&o aé of practice for
actions (Ctnlg-Pthme-Ah KhBDi uXpe LB nh gi 8rgc)§c t 8c

ASTM D5311, Ph<hinguyphbgémchtds kh&n'gktc khing ¢ho8§t |
Lbt _iv[it ngHpl t heo3 chu K

PI ANC : Mar Com Workingi BodEZpi Repbatf oA RdCept a
ships at ber thise2(0R%Ba cllBo mNE " Mav Com : QCcTh v odb h 2
cho p.ha®p Gcub)

3 Ter ms, definitions, symbols and abbreviati ons

3.1 Terms and definitions

This standard uses the terms a#dAd20eb6i ffiitnicdmugi g
Design according to component factors and Desi
factors) and other methods. following terms anc

3.1.1

Effect oE §€&€ffewnt of action)

Effects of impacts on structur al parts (e. g. [
on the entire structure (e.g. deformati ons, r ot
3.1.2



Scat

The

NOTE:

ter diagram

graph shows the joint probability of two or moi

Often used with wave parameters to express the probabil

height (H1/3) and r:epgdsentative period (T

3. 1.

Li mi

The
sat.i
3.1.

Ul ti

Cond

NOTE:

Est a
acco

t o c

N M

3
t state

state correspondi nght oht hbecbodl di nogsobegonsdt ru
sfy the regulations based on the design.

4

mate Iimit state (ULS)

itions associated with sliding failure or othel
I n general, they cotreaspomgd ctap atctié ymaxi mihm Ilbawad di ng or
5

iceability Iimit state (SLS)

state corresponding to the conditions beyond wh

sfy the specified use requirements.

6

versible serviceability Iimit states

rvice |imit state in which some of the conseq!l
irements wil/l persist when the | oads have been
7

rsible serviceability | imit states

rvisgaeatlei miitt h no consequences for | oads exceedi:
I remain when the | oads have been removed.

8

gn stage operating |l imit (DSOL)

blish and develop environment al operating | i mi
rding to the design purposes for berths, chann

arry out carleludtagd ocheswnmteiamyen edpuhraisneg t he desi

9



Wave height

Height is calculated from the bottom of the pre
3.1.10

Significant TWMdve8 K{&sigmti fi cant wave height)

The average height of the maximum 1/ 3 of the we

NOTE: I n most measurement systems, the effective wave hei
spectr al mio,medtt herstdandard deviation of the above water
usually about 30 min.

3.1.11

Wave | ength

The distance between consecutive wave peaks.
3.1.12

Nautical depth

The instantaneous and | ocal vertical di stance

free water sur face.
3.1.13

Wave period

The time it takes for two consecutive wave pealk
3.1.14

Spectral peak wave period

Period of maximum (peak) energy density in spec
NOTE: In practice, when there is more than one peak in tt

3.1.15 Currents

3.1.15.1

Tot al current
Observed aggregate currents include the compone
that cause currents to occur in the area.

3.1.15. 2

Resi dual current

NN



Portion of the total flow that is not made up of t|
3.1.15. 3
Ti dal current

The part of theftettédfbpwtidtakt Terces (tidal curtr e

3.1.16

Nauti cal bottom

The | evel at which the physical characteristics of
ship's control area reach a | imit that, when in co
on the ability to control or steer the ship.

3.1.17

Nor mal operating conditions

Conditions for the design case when the structure

docking ships, ships |l eavingcbobhei whanf wirthntmeode:
exploitation Iimits for the project.
3.1.18

Extreme operating conditions

Design case conditions when the structure is subj
exceeding the design phase operating |imit (DSOL)

departing or anchoring.

NOTE: Extreme operating conditions can include extreme enviro
|l onegrm structures there can often be return periods of 50 to
years as accidenat case des

3.1.19

Extra Dip (Squat)

The constant additional sink of a moving ship incl

water past the moving ship's hul

3.1.20

Pl anning phase

The period of time when functional and operational

for design to begin, existing data sources and un
feasibility study can begin.

Z
Il



3.1.21

Nomi nal wvalue

The value is des¢eamisedcanh dasos, for exampl e
physical conditions.

3.1.22

Characteristic-FNalu@harfaat ¢ wiagdti ¢ value of an a

Primary representative value of a | oad.
NOTE: Currently a chadaettemisatdcomalaustaamnsbecal basi s,
described probability of not exceeding the unfavorable s

of the structure and the duration of the design case.

3.1. 23

Reference period

The selected time period that is used as the b
the probability of incident | oads.
3.1.24

Frep (Representative value of an action)

Value used to test a |imit bBeéeatkee dheraepeessnt

associated(Hlb.ad value
3.1.25
Design value -B @besacgnowal ue of an action)

The value obtained is equal to the product of

coefficient Af.
3.1.26
Val ue oftearmt ocdregnpo+Galy (Qpdsimanent value of a v

Value is determined so that its total ti me per

be expressed as a specified fraction g20the che
3.1.27

Gusts of wind (Gust)

Wind speed increases or decreases rapidly, mair

3.1.28

NO



Squall

Thunderstorms are characterized by sudden attacks.

NOTE: Thunderstorm duration is wusually measured in minutes r at
in wind direction, a sudden drop in air temperature and heavy
must be gr ecauterl 3 hkaam/ haband sustained for | onger than 2 minut es
3.1.29

Environment al operating | imits

Li mit fvoarl uneasr i ne weather or other environment al par
current speed, tide level, visibility and temperat
certain exploitation, whors$it shotuil@dn'be expeicoift &tdi o m
3.1.30

Shoaling effect

Wave variation is caused by a change in depth al one
NOTE: The shall ow water effect occurs because wave speed and w
per unit wave area increases, causing an increase in wave heic
Ot her shall omodvaftieadatwiawre ef fects such as refraction appear sef
3.1.31

Operation and maintenance

Daily use of compl eted seaport facilities includ

mai ntenance and repairs.

3.1.32
Mean sea | evel
The average of all sea |l evels maeasasvuordmboal houdahp

18. 6 years.

NOTE: Seasonal and intraannual changes in mean sea | evel can
mean sea | evel may vary.
3.1.33

Mean | ow water spring ( MLWS)

Average, over a long period of time, of the height
3.1. 34
Still water | evel

NI



The surface water | evel does not <change, in th

wi nd.

NOTE 1: Still wat er |l evel is often used to calculate wav

mi ni mum wharf surface el evations.

NOTE 2: Static water | evel is an abstract concept, for el
storm surges and errors due to water | evel -icrhdnhged dhiange
mean sea | evel

3.1.35

Di ffraction

The bending, dispersion and interference of wayv

breakwater) or through an opening (such as a he
3.1.36

Extreme high water

The highest water | evel predicted to occur at
high and | ow tides, |l ow tides and river fl ows
established. define.

3.1.37

Storm surge

Change in sea | evel (increase or decrease) that
NOTE 1: Water surges can occur on open shores, on bays ar
water sur face, a decrease in atmospheric pressure, |l ow t

waves and other causes.

NOTE 2 The term Asurgeod is also used in another sense to
3.1.38

Extreme | ow water

The | owest water | evel predicted to occur at a
ti des, rising or falling water | evel s, l ow tid
known return period. define.

3.1.39

Wave spectrum

Measurement of ashsodioatadd ewietrlgpyvari ati ons in se

frequency band and over the area in unit direct

NP



NOTE 1: The wave frequency spectrum (integral over all direct

such as t-MesRbpwisanor JONSWAP wave spectrum.

NOTE 2: The area under the wave spectrum is the spectral Mo Me
energy in the sea state and is used to calculate the effectiyv
3.1.40

Soliton (Soliton)

Gravity waves oscillating inside a fluid mass pr o]
di fferent densities.

NOTE 1: Typically under offshore conditions in the deep ocean
are controlled by tidal forces interacting with depth charact
NOTE to entry: Solitons are commonly known as fAinternal waves
3.1.41

Refraction wave

The bending of the direction of wave propagation i

wayves.

NOTE: The paritn ofhdlhleowawat er moves sl ower than the part of t
bel ow the wave crest changes along the crest, the wave is ben
3.1. 42

Swel |

A state of the sea in which waves are formed by wi
forming locally.

NOTE: When ranking wave types from a spectrum or from measur e
25 s can be described as a wave. The energy at periods |l onger
energy.

3.1.43

Refl ection wave

This occurs when waves encounter an obstacl e, such
NOTE: Waves also reflect when | eaving beaches and at sudden ¢
3.1. 44

Tsunami

Lonpgeri od ocean waves are caused by rapid vertica

earthquakes, or by seabed or coast al |l andsl i des.

NZ



3.1.45
I nfragravity wave

Long period waves are waves that accompany | a
propagate freely independently after interactirt

NOTE Wave energy in the period range 25 s to 500 s can
Waves with periods |l onger than 500 s are |ikely to accomy

3.1.46
Payl eRd( Acti on)
a) A set of forces (loads) placed on the struct

b) A set of deformations or accelerations cause

fluctuations, subsidence or earthquakes (indire
3.1.47
Per manen4G I(dPed manent action)

l oad t ibhaet apgpnied throughout a given reference

amplitude over ti me, or only always change in
reached up to a certain Iimit value.
3.1. 48

TemporaryQ I(owaad i abl e acti on)
Loads whose amplitude changes over time cannot
3.1.49

Accident a-lA dAticondental action)

A load that is typically short in duration but
structure within its design |ife.
NOTE 1 An incident | oad can be expected in many cases to

are taken.

NOTE 2 | mpact, wind and earthquake | oads can be tempora
available about the statistical distributions.
3.1.50

Seismic -AEtS®insmic action)

Loads arise due to ground movement during an ee¢

NT



3.1.51

Geotechnical | oad (Geo actiontechnical)

Loads transmitted to the structure by soil, backfil
3.1.52

Concept design

Basic design is the design established in the Const
the basis of the selected design plan, showing the
standards and technical regulhaet ibasss Thhe apmpl ieend ntt e
design steps.

3.1.53

Detailed design

Technical design is the design that concretizes t he
project is approved to fully demonstrate the sol uti
in accordance with standaridosns ,areapptlhieedbaseicshnfiacral i
construction drawing design.

3.1.54

Mean wind speed

Average wind speed over ti me, averagea opeai fa edpe
altitude.

NOTE: Average wind speed varies with elevation above mean sea
reference elevation is 10 m and the standard time interval i s
3.1.55

Met ocean parameters

Met eor ol ogi cal and oceanographic design and opera
atmospheric conditions, sol ar radi ati on, wat er | ev
and chemical characteristics and marine |ife.
3.1.56

Weat her downt i me

period during which a terminal i s unable to acco
operations due to unfavorable weather conditions,
established operating |imits define.

NY



3.1.57 Tides
3.1.57.1
Astronomi cal ti de

The phenomenon of the sea surface alternatel)
astronomical conditions of t he sun and moon,

determined by harmonic analysis of tide | evel 7

3.1.57.2

Lowest astronomical tide (LAT)

The tidal l evel is |l ow when all/l the regul ating
phase.

NOTE: $ihmgslee har moni ¢ components occur approximately weve
reached several times per year at most | ocations. The LAT
as receding wasecanaonduseuhawmer | evels. LAT is often the
maps.

3.1.57.3
Spring tides

Twice in a lunar month within the average range

Neap tides
Twice in a lunar month within the average range
3.1.58

Sea state

Sea conditions ovestatpstiocd remahhckhkirtsally ¢
NOTE: I n a statistical sense, the sea state does not cha
this condition exists is wusually assumed to be 3 h, al t he
ti me.

3.1.509

Seiche (Seiche)

The fluctuation of t he water mass with i ts nat.

NOTE: False tides often take the form of standing waves o
periods rafgiwngnifnueoresain harbors and bays to over 10 hou

N ®



3.1.60

Design criteria

Quantitative formulas describe the conditions that
3.1.61

Design situation

The set of actual condipgdroinsd oafc utrirmer gf @wrv ewh iac lgi tvlee
that the relevant | imit states are not exceeded.
3.1.62

Transient design situation

I n case the design cycle is much shorter than the
probability of occurring.
NOTE: Thteesmodési gn case refers to the temporary conditions o

during construction or repairs.

3.1.63

Persistent design situation

I n case the design has a required cycle that is the¢
NOTE I n general, reference is made to standard conditions of
3.1.64

Accidental design situation

Design cases include unusual building conditions (¢
or | ocal damage.

3.1.65

Fire design
Desitcthre structure to achieve the required perfor man
3.1.66

Seismic design situation

The design case includes unusual conditions of the
3.1.67
Serviceability criterion

Il
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Design crséeeviaefbrmat state.
3.1.68
Tropical <cycl one

The oceanic or atmospheric circulation closes a

the tropical oceans.
NOTE 1: The circulation is counterclockwise in the northe
fact , a tropical cyclone can become one of the strongest

and accompani&idn.by heavy r

NOTE 2 Tropical cyclones generally refer to storms in the
South China Sea and Northwest Pacific, and cyclones in ¢t}

3.2 Symbols and abbreviations

3.2.1 Symbol s

A Incident | oad
AsDesign failure | oad value
AedDesi gn earthquake | oad value

ArProjectedharftmonf of the ship?)above the water
ALProjectedharseiadefof the ship Above the water
B Width of ship (m)

ChMass coefficient of the ship

ChnHydrodynamic mass coefficient of the ship
CcCoefficient of eccentricity of the ship

Cs Ship's softness coefficient

CcBerth shape coefficient

CxWind resistance coefficient in X direction (s
CyWind resistance coefficient in Y direction (s
CuWind pressure moment coefficient around the m
D Vessel's full |l oad draft (m)

Er-Docking energy ( kNm)

F Load

FeDesign value of | oad

FkTypi cal value of the | oad
FreRepresentative value of a | oad

FFFroude Number

111
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G Regul ar 1| oad

G¢iDesign value of permanent | oad

Gy, sup High design value of permanent | oad

Gd,ilhow design value of permanent | oad

GkTypical value of permanent | oad

Gc,Typical wvalue of permanent | oad |

Gk, j,sup High characteristic value of permanent | o:
Gk,jLio;ow characteristic value of permanent | oad |

L Distance from the point where the vessel touches
of that vessel along the surface |ine of the moori

Speakk@t al train | ength (m)

LopShip Il ength between two perpendicular | ines (m)
MsMass of ship (T)

MsVOol ume of water around the ship (mass of entraine
P Load due to prestress

Q Temporary | oad

QiDesign value of temporary |l oad

QTypi cal value of a temporary |l oad

Q. typical value of the 1st temporary | oad

Qi Tiypi cal value of the temporary |l oad associated wi

S Submerged s urhfeacd igpr gan29f

R Radius of rotation around the vertical axis passi
R«<Wi nd force component in X direction (kN)
RyWind force component in Y direction (kN)

RiFl ow pressure (kN)

RuWi nd moment around ship amidships (kNm)

U Wind speed (m/s)

Ul Average wind speed at standard height of 10 m ( m/

VvDocking speed (m/s)

VDispIacement volYme of the ship (m

Air density, can e3jtmaken as =1.23.10
3Component coefficient

3cComponent coefficient of permanent | oads

Component coefficient of temporary | oads



'YComponent
", sCoefficient of
" ikavorable influence

QoCombined value coef fi

coef fici
adverse

component

of I oads due to prestre:

effects of

ent of temporary

Qi:Shotregrm value coef fi ent of temporary |
d:Lontgerm value coef fi ent of temporary | oad
3. 2Ab2brevi ations
Tir viét tat Tir tiéngAnh Tir tiéngViét
CDL Chart Datum Level Cao dd “0” hai dd
DT Displacement Tonnage Lwong dan nuéc theo tan
DWT Dead Weight Tonnage Trong tai tinh
DSOL Design stage operating limit Gidi han khai thac trong giai doan thiét ké
EQU Loss of equilibrium Mét can béng tinh hoc
FAT Fatigue failure Pha hoai méi
GEO Failure of the ground Pha hoai do d4t nén
GT Gross Tonnage Trong tai toan bd
HYD Hydraulic heave/gradients Gradient thuy lyc/dét tréi thuy luc
MBL Minimum breaking load Tai trong dit day nhé nhét clia day neo
MLWS Mean low water spring Muc nuéc thap trung binh khi triéu cueng
SWL Safe working load Tai trong lam viéc an toan cua day neo
LAT Lowest astronomical tide Tridu thién van thap nhét
SLS Serviceability limit state Trang thai gi&i han kha nang str dung
STR Failure of the structure Pha hoai clia két cAu
UPL Uplift/buoyancy Lwc nang Ién/day nbi
ULS Ultimate limit state Trang thai gi&i han cwc han

4 Gener al

4.1 Gener al

To design a seaport
requirements to make
and the current status
Conditions include

coast al current s, SOi
soi |, soi l l i quefacti on,
|l oadi ng.

Est abl shing design

effici

ency, et c. of

principles

of

conditions,

conditions

project, it is necessary

design conditions

ti des, waves,

(Il oads and
project, so it

per manent

coefficient

| tohcea tleadc a tsiudbmiwher e

t sunami
water and
mai n dhtmahsiionmecght d

needs



The ogener al design conditions should be establish
preliminary surveys and experiments. |t is essentia
of such surveys and experi ments.

5. Design method according to the method of compon:«

5.1 Load classification
Loads are classified according to fluctuations ovel

-Permanent | oads (ve8 i, ghducthstaesel selcfoncret e, soi l
geotechnigabtuhowadtser, |l oads due to prestress in col
and dbnect | oads caused by uneven settlement, shri:t
-Temporary |l oad (Q), such as |l oad due to road traf
cranes in exploitation or construction, due to shi
waves, currents and fluctuations in groundwater an:
-lncident |l oads (A) such as explosions or collision
NOTE: Loads dihragctalrye chwoea t o def ormati on can be permanent or t e
5.2 Characteristic value of | oad

The charactepnpistai toadl us Fts main representative Vv
-An average value, a higher or |l ower value, or a no
-ln design document s.

The characteristic value of a permanent | oad shoul
-l f the variation of G can becaondviedaesed;very small

-l f the variation of G cannactanbdecamrssidde aedhsivgmalr! v a
and a | oweg¢ ivmal ue of G

Variation of G can be ignored if G does not change
and its coefficient pifs vtahrenattiakne ni sa sv etrhye sanwaelrla g eG v
NOTE 1: This variation coefficient can range from 0.05 to 0.1
I n cases where the structure is very sensitive to f
concrete stmeactewsrseas)y, tiot eisent wb vheuesefficient of
smal | Kk Tihkse nt aGken at the 5%, pies cteenkdnr eatpotima %mMmdd pCer ¢
of the Gaussian statistical distribution.

The Il oad due to prestress (P) should be classified
forces and/or controlled deformations acting on t he

di stinguished from eachstotelsesarisfyfobrt rpensssmpdye, apppriey i
deformation through supports).

NOTE 2: The charoafctperreissttriecs sv,alakest i ma,up) candba bB¢mdgheEadlrveal Be

extreme | imit statnet) aocoaanvbeagsedal ue P

For temporary | oads, dcloe resgroandtse rtiostoirc val ue Q

-A higher wvalue has an expected probability of not
expected probability of being maintained, within a
-A nominal value that can be specified in cases whe

Il
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For incident | oadi,eetdlse tdbe diegrmrs pealide eAl for eac!

For earthquake | oadsne etdhse tdoe shieg ne vvaa luvaet eAdd f r om
Aexor specified for each project.

5.3 Otheofvakmpserary | oad
Ot her r epr eseonft atteinvpeo rvaarlyuelsoad are as foll ows:

-The combined value is €gQQpr aaisead twy cthlee kp rt diccu at
and irreversible use |Iimit states;

-The stheorrmm t empovraalruye liosadexpress@@®w, byusethet pr ode

ultimate | imit states including incident | oads
-The Jtemgn temporary | oad value (bQs euxsperde stse dc tbe
ultimate | imit states including incident | oads
Lontger m t empor aray el cad ds ov aulsweeds -t or madé cfué at € | ong

I n there:

Quocombined value coefficient of temporary | oad;
di:s hotreterm value coefficient of temporary | oad;
dxl ongegrm value coefficient of temporary | oad.
NOTE: TAhteerlnontgemporary | oad value can also be determined
5.4 Material and product characteristics
Characteristics of materials (including soil a
terms of characteristic values. When testing |
properties, it i s necessahgrtandohewder chakaet
materi al properties.

When | owoVvalmaesri al and product properties ar e
should be defined as the value at the 5 % perce
When highofvarauteesr i al and product properties ar e
should be defined as the value at the 95 % perc
Materi al p r onpuesrtt yb evad euteesr mi ned according to st
specified conditions. A conversion factor shal/l
into vhhuesan be assumed t o r eiparless eanntd tphreo dbuechtasv
or soils

When adegquate statistical data are notofavmat abil
or product propertica:mn, btehd arkemi sl cthelrtabkcd ceswrd Isu e
be established directlhe.n dcdsgiher ofr tlhoafte mhaedaatguirge
product properties are to be established direc
should be chosen so that t hewpayr af fmoate tUmd apr
occurrdrhee ldfmit state under consideration to a
When it is necessary to calculate higher strer
bearing capacity and for the tensile stidemgtch
|l oads), a specific value should be considered.
Reduction in materi al or product strength shol
repeated | oading and possible reduction in resi

111
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Structural stiffness parameters (eg elastic modul.
expansion coefficients need t o sthe ud We rbaeg eauds evda It we st.a

account the duration of the | oad.

NOTE: I n some cases, a higher or |l ower value than the average
in the case of buckling).

Where a composition factor is required for materi al
used unless suitable statistical information i s ava

5. Bartial abhdotmbrisrati on f or mul a

Load combinations should include permanent | oads ali
prestress should be considered where appropriate.

Partialamkmédctoad combinations should be based on th
standard. I n particular, the following should be me¢

a) Wave |l oads should be considered as temporary | o:
b) Load due to flow should be considered as tempor

c) Loads associated with ship operations (|l oads due
and ship boarding frames) should be considered as

d) Load due to ship collision incident should be c
e) Loads associated with port operations (of por
considered temporary | oads;

NOTE 1: -Whegbhel 6f fixed or mobile cranes can be considered as

cranes when consi tderoeadd sasd uceartgoo tlhoeade nvi r onment .

f) Combinations whemcwiumae sl,oddis ladn ngs, bridges, wa
l oads on seaport structures appear simultaneously
temporary | oads.

gPartialf ofracptearnlanent | oads and independebltet&mpor a
NOTE 2: | f the combination includespaet madievhearctiom dBa balned 1 etngpkoe
t he necfeascdtammy t he design | oads that have been used to check

| f the combination includes permanent |l oads and m
temporary |l oads should be specified as the main te
should be assumed as the main tempormaenyt | loaadds agancad
main temporary | oads neepmarttffoaaliteor mulgtiivpelni eidn bTya btl tee

associated temporary | oads ngevmhitcch baer emu lhtei @ laicea d rbs)
the compositgo,vapearemancgmte yvadpweamanenyo¥alteenporary
| oads.

NOTE 3: They represent reduced probabilities that the maxi mt
together with more than one statistically independent tempora
can be treated spgrmumarayneomrusdecamsdary temporary | oad as appropr
Where appropriate, the design should evaluate dif
temporary | oads as the main temporary |l oads until t
structur al response i s determined.

NOTE 4: This means that another tempgpiargatbadi hhAerbeendesdgao

The formulas given in Table 3 shouparberetucrpsd dmd det
factors to combinations of permanent | oads, prestr

Il
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TabliePalr t i al Fact o(rcso notfi ntuhoeu sl)o a d

Action type  Scenario Item Symbol EQU (Set A) STR/GEO (Set B) STR/GEO (Set Q)

Unf:

(in accordance with F Unf: bl Favourable Unfavourable Favourable

BS EN 1990:2002+A1)

NOTE There are different sets of partial factors for different situations, the main ones being:

e EQU: the set for the assessment of overall equilibrium states, such as overturning stability where the strength of structural members or the ground do not govern;
e STR: the set governing the assessment of structural strength where the structural strength governs;

e GEO: the set governing the assessment of failure or excessive deformation of the ground where the soil or rock strength governs;

® FAT: the set for dealing with the fatigue failure of structure or structural members;

e UPL: the set for dealing with the loss of equilibrium of the structure or the ground due to uplift by water pressure (buoyancy);

e HYD: the set for dealing with hydraulic heave, internal erosion and piping in the ground caused by hydraulic gradients.

EQU, STR, GEO and FAT are defined in BS EN 1990:2002+A1. UPL and HYD are defined in BS EN 1997.

A The characteristic values of all permanent actions from one source may be multiplied by y,
and by y . if the total resulting action from this source is favourable.

®  Superimposed dead load represents features such as surfacing. For surfacing, the possibility of re-surfacing during the design life of the structure should be taken
into account by including an additional thickness.

osup IT the total resulting action effect from this source is unfavourable,

9 For actions dependent on the level of water, the design values may be directly assessed in accordance with BS EN 1997. Alternatively a safety margin may be
applied to the characteristic water level. However, the limiting water levels might be constrained by the geometry of the structure. The characteristic values of
water pressure from one source, e.g. tide level, are multiplied by a single value of y, or ;4 as appropriate. Partial factors for such actions may be determined for
the individual project.

For design situations where actions due to uneven settlement have unfavourable effects. This should be increased to 1.35 in the case of a non-linear analysis. For
design situations where actions due to uneven settlements have favourable effects, these actions are not to be taken into account.

D)

®  The partial factors given in this table for cranes combine the self-weight and the variable actions. These can be separated, with the self-weight being treated as a
permanent action for a superimposed dead weight and the variable component being treated as a cargo load for general cargo and/or as one or more
environmental loads. Where the self-weight component of the crane actions is not known, then the combined actions should be regarded as a permanent action
for calculations that require seismic or quasi-permanent effects to be taken into account.

The values of y, for environmental actions in Table 1 are based on the characteristic values having a return period equal to the design working life of the
structure but not less than 50 years for persistent situations. For transient design situations, the return period should be determined for each project taking into
account the guidance given in BS EN 1991-1-6 (typically 10 years for transient situations which last for less than 1 year).

For partial factors related to loads on mooring structures, see 29.2, Table 8.

The values of y, for fender actions have been chosen acknowledging that BS 6349-4:2014 recommends a much wider range of factors to be considered than
hitherto, thus reducing the probability of exceedance of the actions significantly.

G}

H

No values are given because the design value of earth pressure should be based on the design values of variable actions giving rise to the earth pressure.

TabliePa2rti al of ashbpsanchor | oads

Operating condition Method of assessment of loads Partial factor Partial factor
for actions, 7, for actions,

EQU,Set Aand '
STR/GEO SetB  STR/GEO

Set C

Normal operating condition Probable maximum calculated loads for 1.5 1.3
(berth occupied, and cargo specified normal environmental conditions
handling and other (in combination with breasting loads
operations ongoing) and/or other consistent operating loads

where applicable)
Extreme operating condition Probable maximum calculated loads for 1.5 1.3
(berth occupied) specified extreme operating

environmental conditions (in combination

with breasting loads where applicable)
Extreme operating condition Extreme operating condition - load is 1.3 1.15

(berth occupied) based on rated capacity ' of vessel's
mooring equipment when this is known
at the design stage and when appropriate
to operating requirements
Accidental condition (berth Assessment of the maximum credible total — —
occupied) load on mooring points for accidental
scenarios based on:
s risk assessment for specific operations
proposed and the prevailing
environmental conditions; and
e the limiting capacity ® of the vessel's
mooring equipment and lines used to
moor the vessel and berth mooring
equipment multiplied by not less
than 1.18
A For example, when the future berth operator prescribes oil and gas carriers conforming to OCIMF MEG 3 [N2]
the rated capacity of mooring equipment and fittings is usually defined as the SWL which typically incorporates
a safety margin over the yield. For winches, the brake holding load is set to render at 60% of MBL of the vessel
lines and the rated capacity would be the design holding load equivalent to 80% of MBL of the vessel lines.

B The limiting capacity of a vessel's mooring equipment and mooring lines may be taken as the MBL of the
mooring lines. The limiting capacity of the berth mooring equipment may be taken as the SWL. The factor of
1.18 allows for typical margins between nameplate or design limiting capacities of lines, winches and fittings and
upper yield strength.
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Tabl-do3ad combination formul as
Design situation Limit state Permanent Pre-stress Leading Leading variable Accompanying Eq. no. ®
actions accidental action variable actions
or seismic action
Ultimate limit states
Persistent Unfavourable b3 + 7P — + Yo1Qu 4 + Zyg g Qoo 6.10
and transient Favourable ZYnintGiiing + 1P — + Y01Qu + Ty o Q- 6.10
Either:
Unfavourable Gy cup +P + A + Q4 + Ty, 0, 6.11b
or:
Accidental Z_Gki up +P + A, +1541Qy + 2y, 00 6.11b
Either:
Favourable Gy s +P +A, +,4Q © + Ty, Qs 6.11b
or:
Gy +P + Ay 0, © + Ty, Qs 6.11b
Seismic Unfavourable 2G o + P + A, P — + Sy, 0, 6.12b
Favourable Gy int +P + A P — + Ty Qus 6.12b
Accidental Unfavourable =G +P + Ay —_ + Iy, QP A2.2
construction Favourable EGyj i +P + Ay — + Iy, Qe A2.2
(execution)
Serviceability limit states
Unfavourable G, +P — + Q + Zir, Q, 6.14b
ch ct H t kisup k.1 0¥k,
aracteristic Favourable =G +P — + Q4 + Ty, Qi 6.14b
Frequent Unfavourable G0 + P — + oy, Q + Zyy Q0 6.15b
Favourable =G +P — + 9, ,Q + Ty, Qs 6.15b
Unfavourable G, +P — — + Ty, 0, 6.16b
i t isup 2,i%ki
Quasi-permanen Favourable Gyt +P — — + Iy, Qs 6.16b
Key
+ To be combined with
L The combined effect of
A Variable actions are listed in Table 1. Any one of the variable actions in a design situation should be classified as “Leading”, the others then being regard
as “Accompanying”.
8  Refers to equation numbers in BS EN 1990:2002+A1.
< The choice between v, ; or y, , should be related to the relevant accidental design situation.
D)

E)

Agg - vAg, Where the seismic effects are as defined in BS EN 1998.
Q. is the characteristic value of the construction loads as defined in BS EN 1991-1-6.

Z YG,ij,j "+ oaQua "+ Z Yoo, Qi

J=1

i>1

ZGk,j "HTPT A "+ "(W1,1 0rW2,1)Qk,1 = Z'//z,iok,i

=1

i>1

ZGk,j P " Ay "+ "Z'/’z,iok,i

j=1

i1

(1)

@)

(3)

ZGk,j "R+ Qy ""‘"Z’r”o,ka,f

21

i>1

ZGk,j P Ty Q" "ZWziQk,f

j=1 i1
ZGkJ “+“P"+"ZW2JQ’(’I (6)
=1 i>1

5.ssessment of | oad

Load

vahH awwelsd be

Cases and design
clause 5.7

oM

Il n e

taken accordi

combinati ons

ach

speci fic

ng to

shoul
case,

Arti cl

d be
ot her

e

s el
cr

5

5

ected

t

cal

a



5.7 Design cases and |l oad combinations

5. 7.1 Design cases

1) Stable design cases

The cases where the design is stable are in the
The standard service conditions for a seaport

combinations in a stable design case that shou
conditions. treat

Standard operating conditions are conditions fo
when used to berth ships, | eave ships or i n mc
phase operating | imitations.

Operational | imitations in the design phase are
according to environment al conditions dulmhatnghay
design and planning stages according to the pt
channels, turning areas and other similar struc
outage ti me.

Extreme operating conditions are conditions for
to extreme environment al conditions that excee
without vessels used for begrthing. , leaving pc
NOTE 1 Extreme operating conditions can include extreme
Usually for durable structures, phenomena with a return g
and phenomena with a return period of 500 to 1000 years ¢
NOTE 2 Examples of stable operations are:

a) Environment al |l oads have a recurring period correspon:
than 50 years);

b) Water | evels have recurring periods corresponding to t
c) Dredging beyond the seabed is within the prescribed 1t
d) The seabed becomes deeper due to erosion;

e) Increase in hydrostatic pressure head due to draining
1 year;

f) Amplitude of tidal water | evels for operations that oc
g) Anticipated changes to structures, |land structures, | a
equi pment or dredging dept h;

h) Combination of environment al conditions and pdefti noepder
environment al conditions. An example is where a vessel c
operations ariectdéerted olrewereswirnd speeds. I n such cases, t|
with the wind speeds with a recurrence period correspondi
i) Loads occurring due to berthing operations result in
j) Container |l oad when using different factors to stack
k) Load due to traffic use in standard ports;

')y Wind and wave | oad combinations when or:

-Wind is the extreme wind |l oad including intensification

the significant wave height other than the maxi mum; nice

ON



-Wave is the wave |l oad from the extrtehnee emaxienmem wvanvde |hoeaidg hbtu t
enhanced wind gusts. Clause a) above includes a |ist of stabl e
in Clause 5.8 and wave and current |l oads in Clagcosepdnkdtare ba
val aemsl coefficients are appropriate for that case.

2) Temporary design cases

Temporary design cases are temporary conditions that can be aj
repairs.

NOTE Examples of temporary design cases are:
a) I ncreased hydrostatic pressure due to draining a water are

b) Temporary |l oads during construction.

3) Accident design cases

Accident design cases are speci al conditions that
environment al conditions, for example fire, expl oc:
damage.

Accident design cases for seaport facilities need 1
Accident operation conditions are conditions for tF
to be operated when docking, |l eaving the port or u
the exploitation restrictions S&Specitdile esvuemntcs uoec bl
di fferences in construction operation procedures 0]
It is necessary to establish the circumstances unc
reasonabl e and the environment al conditions are su
operations proposed and the prevailing environment
NOTE 1: Fault design cases are:

Il ncrease in hydrostatic head due to draining a water body cau
a) Loads arising from uncontrolled docking ships;

b) Load combinations from extreme winds are enhanced by wind

NOTE 2: For some structures, it is necessary to consider the

achieve a high probability of not being damaged and | osing sy
the environméeneskenteawsth return periods of 500 to 1000 year s
ship collision scenario can also be considered as an accident
4) Where the design includes water pressure

It is necessary to evaluate variations in water pr
tides and met eorol ogi cal conditions. Wh e n designi
retaining walls or revet ment sfopedat inonwh,artf hevafl il >
variable components of water pressure need to appl
is necessary to pay attention to whether the ingre

appropriate compositbheom azpprlfifedi ent ha

NOTE: I n general, the lag tidal component represents the fluc
fixed part.

5) I n case of design during construction

lthnesessary to consider relevant design cases durir

When a marine structure is put into use iIin stages,
Wher e relevant , speci fic construction | oads shoul
environmental and operational | oads.

o



NOTE: When construction | oads do not occur simultaneous|l

need to consider them in the relevant | oad combination.

Where appropriate, consideration should be give
and wave action and the ther mal action compo
construction | oads.

6) I n case the design includes prestress in cor
I't is necessacgrtespenh@rngoptédetressed concrete
7) Where the design includes uneven settl ement
It is necessary to consider the influence of u
influence of direct i mpacts.

NOTE 1: Specific projects may specify I|limits on total set
Settl ement on structures due to soil subsisgdienc
and considered in | oad combinations when check

states of thehsulrdcherexplGesseadriasposdi ngftwal
(relative to the reference elevation) of sett|

foundations or, dset, i (where i i s t haet inounmbpearr tc
NOTE 2: Subsidence is mainly caused by permanent |l oads
considered in several separate projects.

NOTE 3: Settlement fluctuates monotonically (in the same
they arise to affect the structure (that s, after the si
the caxenefredae structure or a structure with concrete el
settlement and residual def ormation in the concrete el eme
Settlement differences of i ndividual foundati o
predicted taking into account the construction
When there are no control measures, it i-Bemmc e
|l oad as foll ows:

-dses,houl d be assigned to all independent founda

-lndependent foundations or parts of foundati on
wi | | be subjected t qe;a; wheetrtel seamten tt adkseeti, it oN & C
when evaluating settl|l ement

8) Where the design includes wind and wave | oac
Wind and wave | oads acting in combination with
environment al operational constraints defined

under considerati on.

NOTE 1 Operational wind and wawdi ¢tomdist uonderamwéditche agpeaat
carried out (e.g. vessel docki nghave cheaemre odeefeirmdd ofngr. eac
expl oitatciaonn bvea ldueefsi ned for di f feagtent exploitations withi

NOTE 2: Depending on |l ocal <climatic conditions, a differe
for an individual project. Reference should be made to r e
Wi nd, wave and current | oads should be assumed to act Sin

the same direction.

NOTE 3: I n most casegenevi atde danwaVves adamwi adt in the same d
in the same direction. See also Notes 2) and 3) of Articl
9) Where the design inshadk} incident | oads (nc
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NOTE 1: When one |l oad for a fault design case needs to be con
in the same combination.

For an accident design case considering collisions
|l oads due to traffic, cranes, warehouse goods and
considered. Consider when appropriactceompanyiompi hat
coordinated according to Table 3.

As well as any temporary | oads |listed in the combir
mooring |l oads should be combined with a permanent <c
or cranes of the above port. e®nwhewetaooraimédi mays
permanent position on the site at the time of an i
per manent | oad. must be a temporary | oad.

NOTE 2: Additional combinations of | oads for other accident d
10) Design case to check geotechnical conditions
Load combinations in the case of geotechni cal tes
ultimate | imit state (ULS) tests.

5.7.2 Load combinati on

The | oads combulnkedbeaccording to the formulas given
limit states and operate for the entire range of d¢
NOTE 1: The effects of |l oads that do not occur simultaneous|
considered together in | oad combinations.

NOTE 2: Combinations that include |l oads outside the scope he
considering the probability of sicmunhpoamemtuss. occurrence of the
NOTE 3: For impacts due to earthquakes, see article 5.13.

The |l oad combination given within formulas 1, 2, 3
when checking the ultimate | imit state.

Gener al for m:

Ey=7saE{75./Gij 7P Va1 Qe Vo0, Quit  J2 15121 (7)

Combination of a main temporary | oad and other acc:
E, :E{?’G,;‘Gk,j;?’pp; YorQ Voo Qut 121511 (8)

General form of accident design case:

E, =E{G, ;P Ay, 0r v, )Q w2, Qb 2111 (9)

NOTE 4: Table 3 Il ists the combinations shown by system.

NOTE 5: For fatigue testing, see specific construction design
Loadombination given within formula 4; 5: 6 and f
checking service |imit states.

Ed =E{Gk,j;P;Qk.f;W0.ka,i} JZ1;|>1 ( 10 )

NOTE 6: Attention should be paid to the additional recommenda
the sections related to the design of construction items.
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5.7.3 Combination coefficients
NOTE 1: The combigateonosedefhithentembination formulas, ¢

The coefyfgiicvieenntisn Tabl e 4 should be used for ¢
Table 3 formulas).

NOTE 2: Coyeddn chensest for individual projects to meet spe
5.7.4 Load partial factors

The partial factors given in Table 1 should be
and Tabl e 3.

When applying Table 1 in cases where the | imit
of permanent | oads, it i s necessary to otffake etsle

|l oads to Check the most unf avorable case.

Thetatic balance (EQU) of seaport structupés s
l oads in set A.

Design of structural elements (STR) when geote
checked using theineségnBl oad values

The design of structur al el ement s (STR) when
resistance (GEO) should be checked using one of
of the standard. This standard and, eéepdrdi @1t
C desi gmrv aloues.

I n general, geotechnical design should be perfc
or set C component coefficients selected accorc

NOTE: Article 5.5 of this standard contains principles f
of hydraulic failure and buoyancy.

Load combinations for geotechnical testing shol

The valbeed for prestressed | oadgepheslecmtaadf vak
these | oads in accordance with Parts 5, 6 and ¢
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Tabl-e€Coseffigientsoad

combi nat

ons

n

mar

Action

Wo

Factor for the
combination value
of a variable

ury

Factor for the
frequent value of
a variable action®

L

Factor for the
quasi-permanent
value of a variable

action® action®
Vehicular traffic Road vehicles 0.75 0.75 0
loads (gr1a)®
Road vehicles 0 0.75 0
(grib)
Pedestrian loads 0.40 0.40 0
(gr1a)®
Horizontal forces 0 0 0
(gr2)®
Pedestrian loads 0 0.40 0
(gr3)®
Pedestrian-only gril 0.40 0.40 0
traffic loads © Qi 0 0 0
gr2 0 0 0
Equipment loads Gantry crane 0.75 0.75 oo
Mobile harbour 0.75 0.75 o®
crane
Construction crane 0P 0 0
Port vehicles 0.75 0.75 0
Cargo handling 0.75 0.75 0
equipment
Cargo loads ©@ Containers in main  0.90 0.80 0.70
storage stacks
General cargo or 0.70 0.50 0.30
containers on quay
aprons ™
Bulk cargo 1.00 0.90 0.80
Liquid products 1.00 0.90 0.80
Environmental Wind 0.50 0.20 0
loads Operational wind 1.00 0 0
Thermal actions 0.60 0.60 0.50
Snow 0.80 0 0
Ice 0.80 0.80 0
Water currents 0.60 0.20 0
Operational water 0.60 0.20 0
currents?
Wave 0.60 0.20 0
Operational wave 0.60 0.20 0
Tidal lag? 0.60 0.20 0
Operational loads Berthing 0.75 0.75 0
Mooring 0.50 0.20 o
Ship ramps 0.70 0.50 0
Ships propulsion 0.75 0.75 0
Construction and 1.00 0 1.00

installation loads
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Tabl-&okeffigientsoad commamianeé osnis(darttuirrewse d)

Action ¥o L %)
Factor for the Factor for the Factor for the
combination value  frequent value of quasi-permanent
of a variable a variable action®  value of a variable
action ® action ®

A Definitions of y factors are given in BS EN 1990:2002+A1, 4.1.3.

) For road traffic and pedestrian loads, the factors for bridges should be adopted and are reproduced here.
The abbreviations gria, grib, gr2 and gr3 refer to load models defined in BS EN 1991-2:2003, Table 4.4a

©  Pedestrian-only traffic loads are applicable to structures that provide access for foot traffic and light service
vehicles only.

P} For seismic conditions with respect to gantry cranes, where no information on the seismic performance of the
crane is available, a gantry crane should be placed in a location judged as likely to generate the critical actions
and it should then normally be regarded as a permanent action, i.e. it is not regarded as a variable load. If there
is information on the seismic performance of the crane this can be taken into account in allocating the crane
actions to the quay wall or jetty. ASCE 61-14 [N1] provides specific guidance on this issue.

B} The operation of the mobile harbour crane should be taken into account. Its permanent load might need to be
added to the permanent load of the overall structure in some locations as for a gantry crane.

P A crane used for construction or maintenance might need to be combined with other loads if operations are
permitted in the vicinity.

S The factors for the cargo loads are based on the definition of frequent and quasi-permanent
in BS EN 1990:2002+A1. In the case where unusually persistent loadings are expected, the provisions
of BS EN 1990:2002+A1, Annex B and Annex C should be used to derive revised partial and combination factors.

" If the quay apron is used for main container storage stacking, the factors appropriate to “Containers in main
storage stacks” should be used.

" Where currents contribute significantly to the mooring loads, the mooring load due to the quasi-permanent
current should be used.

¥ Tidal lag for the combination and frequent load should be that for a mean spring tide. For the quasi-permanent
load, the tidal lag due to a mean tide should be used.

oT



5.7.5 Operation |imit states and other regulations

For operational ' imit states, | oad combinations ne:
formul as in Tabl e 3 saenlde cdteesdi ganc clooraddi nvga Ituoe st he r egul
and 8 of the series. this standard.

It is necessary to define exploitation criteria re
should be calculated in accordance with the provisi
using appropriate | oad combidnat5 oasad a6c drakiengi nttm
exploitability requirements and diesobivegabsle bemweer
Note: It is generally not necessary to evaluate structures agsée
operations and deformati on oft-ssheonrsel tliovaed ienqgu icprneennets .such as shi

5.8 Wi nd

5.8.1 Overview

Wind is the phenomenon of air moving due to dif
temperatur e. Wind speeds over the ocean are much h
designing port facilities, the effects of wind mus:H
The wind characteristics established by the met hod:
whet her the independent action or combination of t\
Ocean surface winds used in wave and storm surge ca

in terms of wind speegc!l wi s@pdnt bat etdenrom avhabantgh e r
observations fbrodvi fngr e.cegutlati on

When designing structures with special requirement
iareas with complex terrain (such as: between two ¢
etc. ), wind data must be used according to separ
competent state professional agenci es.

5.8.2 Wind characteristics and determination met hoi

The wind that wi || be wused in calculating wind p
according to the concept of wind speed and wind di
through statistitealm amasley viag i oth bld@mgai of ewred. f h awme
or other methods.

-The wind that wil!.l be used in wind energy calcul at
of the combined statistical distribution of wind s|
on time observation data. liosntgoroyr. windy has deduce:
-Winds that wildl be used in calcul at iomnhbys ewavveeds oarn d
inferred from history over the past 30 years or | ol
-Winds that wild.l be used i n wi ndobpsreersvseudr eo rc ail ncfuel rart e
history within 30 years or | onger.

5.9 Water | evel

5.9.1 Overview

I n the design and operation of port facilities, th
nauti cal chart | evel through statistical anal ysi s
ot her sources of i nf or mast,i ohny;d rAcsnmiertoencornoi lcoagli cta ld ael f ffez
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(wave surge), and other wunusual factors such a:
water | evels
1) Tidal water | evel
When determining tidal water | evels for use in
be given to the influence of tidal l evel s on v
necessary to consider the possihuliaypeotsiwat et
structure in the most unfavorable direction.
Tide |l evel is determined according to the naut.i
over 3 years or more. The water | evels used in
design high water | evel and dessgmt éodwbealaowr | e
2) Storm surge
When determining storm surge, appropriate cons
measurement data (30 years or more)-teWmemodet e
data are not availabl e, surge calondiati oms mo at
hi storical water | evel records can be used. Whe
necessary to reasonably consider the increased
shore in some cases.
5.9.2 Design water | evels
Design water | evel (or calculated water |l evel)
water | evel according to a specified rate guar.
of port structures.
Calculated water levels for water areas, entr a
factories need to be regulated to correspond t
chart of the sea area. This aeatoudanhgdt wat be Qe
of many years (minimum 03 years) of the daily v
Guaranteed capacity to determine the calcul ate
following table depending on the difference bet
50% (H50%) and the | owest water | evel (Hmi n) .
Tabl-&rbbability of determining calcul at
Hso% - Hmin (cm) Pam bao SUét, %

<180 98,0

260 99,0

= 300 99,5
NOTE:
1. The daily water | evel guarantee |line is drawn accordi
|l eayteald s.
2. The |l owest water | evel Hmin is the | owest annual water
of 4%) .
3. When the series of water l evel monitoring data is not
similar stations.
4. When there is a port entrance and exit channel, the ceé¢
than the calculated water | evel of the channel det er mi nec
5. For interanfeddiaft fee vethimiens)(,H5t0We cal cul ated water | evel i

oo



Wat er
water

Ther e
vari o

1) Wa
2) Wa

|l evels commonly wused in foreign standards Re
l evel s

Waves

1 Overview

1.1 Classi ivhvesi opl atedceanport facilities

exist the following 5 types of ocean waves t
us types of seaport projects:

ves caused by wind;

ves caused by ships;

3) Tsunami

4) Wa
5) Lo
5.10

I n th
1) Ai
2) Fi
For t
I n |

const

NOTES:

5:

nMm

v e ss ediuceh et o

ng period waves.

1.2 Wind wave theory and basic parameters
e design of seaport projedtrs vetnhaevafvelsl awien g fli &

ry small amplitude |l inear wave theory

nite amplitude wave theory: Cnoidal and Stokeil
he basis of these wave theories, please refer
near wave theory, the period is assumed to be
ant when water depth, height and wave directi

/

Figurlei dear waveetheotyon diagram

1: Wave propag@ti &t adiirce omaitenr |1 evel (SWL) (z = 0)
Peak of wave 4: Belly of wave

Bottlom iz Wave height L: Wave |l ength h: Water depth



6=kx- wt

Ti me T:

(11}

12

13

in there:

¥is the

k is

angul ar frequency,;

t hamivave

Tabl-digear

Wav e

period

wavestelfieadr y ormul as

Estimation of:

Appropriate formulae

Shallow water, as defined by

Transitional water, as defined by

Deep water, as defined by

d 1 1 d 1 d 1
—<— —<—<= — ==
L 20 20 L 2 L 2
H 2mx 2wt H )
i §= —COS| —— — | = _cosk
Wave profile ! 2 i T 2
L L_gT 2'rrd) L gT
i V=== v.=— = —tanh| — Ve =Vg=—="
Wave velocity =T Vg T om TVeo= T
— gT? 2wd gT?
Wavelength L=Tygd=v.T L= ;tanh _L L=Llo="—= Vel
— 1 1 Amd/L 1 qT
i =v.=\gd Veg=nve=—|1+——— |V, Vego= Vo=
Group velocity Veg=Ve=\g g 7, anh(41Td/.|'.] < cgo °" A
Water particle velocity
H g Hchosh[Z'rr(z + d)/’L] ) wH (222) )
i =— 4= u=_ oSt u=-—exp\ [ /cos
Horizontal u 7 dcosﬁ 2L cosh(2nd/L) C - feln
Haf z\ HgTsinh[2=(z + d)/L] . wH  famzy
Vertical v= 7 1+E siné =——————————sind v= TEXpL.T]sm()

V=
2 L cosh(2md/L)

MN



Estimation of:

Appropriate formulae

Shallow water, as defined by Transitional water, as defined by Deep water, as defined by
d 1 1 d 1 d 1
—<— <<z — >
L 20 20 L 2 L2
Water particle accelerations
Hu g ! g*rrHcosh[Z*.r(z+d)/L] . ) A .
Horizontal d:T Esin() U=TWSW) u=2H } expl™ sin®
w\? z
V= 72H(—) (1+—)c050
o)\ d, gmHsinh[2m(z + d)/L] A
Vertical vV=— ———————cosf) v=—2H|— | expl™; Jcosd
(1T 20 5 L cosh(2wd/L) T,
v=—2H *) 1+*)cost’)
LA d,
Water particle displacements
HT g _ Hcosh[2m(z+d)/L] H  2me
Horizontal Ch:—a ESinU =Ty sinh(2md/L) sind Ch:*EexPL- L Jsing
H(1 z) ) Hsinh[2m(z + d)/L] ) H (a2 )
i G=—| 1+ |cost = w=—expl™ |
Vertical =5 +d €os| =y sinh(2md/L) Cos G Zexp L /COs
Subsurface — _ — M _ .
pressure p=rglr=2) p=ran cosh(2wd/L) 9z p:pgp;expl,zT'JI_pgz
When the wave enters shallow water, Cnoidal theory
Shuto's nonlinear |l ong wave theory hacsoebfefeipcileinnte ak
which i s a feugnucitvidokne pafwatttee wav ed etegi gvatt eH' o, wave hei
deep water wawe ldepgthh hL (Figure 6). The phenomenon
very common in river mout hs.
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5.10.1.3 Wave spectrum and design waves
Waves caused by wind-hareonaodwmvesd(@Mboonst) as sbh
Therefore, to have real waves, we must make stati :
theory:

4_

3 [ Wave height H(m)

2 /\ /\
£
E“ O\A | ‘hl"'l/\ /\AMﬂ 1 1 J\ﬂl | (\L
- . \ \/

'5_1_ .0 70 0 90 1‘100
kS !
3_2_ -

%_ Period T

4 L .

Time (s)
FigurRea&al random wave diagram

I n desmagmiimeg strithteufesncti onal form of ddres iwdhereed p e
and an appropriate formula must be wused.
1) General shape of the wave spectrum
The general shape of the wave spectrum is often ex|]
S(f.6)=SM G (6 (13
in there:
f is frequency;
i s the azimuth delratcitvent oft hdemaviawe ;
Ss(f, &) is the direction spectrum.
Above, S(f) is a function that represents the dist.]
called the frequency spectrum; G(é&) is eaenfewrngeyt i on |
with respect to direction, it is called nAdirecti on:
The functions expressed in the following formul as ¢
spectrum of formula (15) is called the Bretschneid
called the Mitsuyasu type propagation function:
S(f) = 0,257 H21,:3T'41;3f'5exp[—1,03(T1;3f)'4] 15
G(f.0) = Go cos(6/2) (1 ¢
in there:
Gé is a proportionality constant that satisfies thi
Bmax

j G(f,0)do =1

Ehvin a7y

mnn



in there:

émax and émin are the maximum and mini mum devi a

The S term in formula (27) is a parameter that
energy. It is given by the following formul a:
25
S=S f f
“Omax| ¢ ) >1:m
fm
\
5
S=S . f<f
“Omax| ¢ | = 'm
fm
’ 13
Wherne sf the frequency at which the spectral peal

significant. @aveénpeéethieodoT|l owing formul a:

fm=1/(1,05 T153) 19

I f the wand®ref mHand s, the 2anits of S(f, &) ar
2) Value of direction propagation parameter

A value of 10 tmhet mhegi makefiatbe 8irectional pr o

in the cadksrei vodn wianvdes i n deep water. I n the cas
decay process and other problems, a value of 2(
approxi mabvem.8&lpeeasii ng on the wave steepness. JI
slope, it camsB® $eenwhhas Baused by wind. This

the approximate value of Smax.gGestandawowd 2 lulkeé
10 for wimgde walvyefsgr Sswel l s while hegi7hbnifog tsavel
have weakened for a considerable |l ength of ti me

3) Chanmaexaé 6o refraction

The shape of the directional propagation funct
When performing diffraction calculations on irr
i mportant to consider such chmanfgyemsctiinon.heFidgure
val wds.after the waves have been refracted at

contours. IU) ot Hes ftihgeuraem,gl(e of incidence of the
boundary, t hlaet biest,wetehne tahnreg mai n wave direction
contour | ine.

np
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I f wavegeneaemaeted in an experi ment alMittrsouuygahs uu ssi pne

expressed by formula (26), the period of the s
deviates from the periaviorhg gbhe megni hgcailfbhewa
deviation is that the original formul &am(R&YH i g
replaced by the significant wave period T1/3 b
the following standard speictiraanti owany e wpe hi ovd i

wave does not deviate from the target significe

S(f) = 0,257 H21;3T41;3f'5exp[—1 ,03(T1/3f)'4]

29
The peak frequency of formula (20) is about 8%
the peak spectral densi ttyhei senabowt sp&%t hiugnh drs,
frequencies. At |l east, the spectral form expr e
spectrum in hydraulic model experiments.

5) Rel ationship between wawvd wpeect chmrarard etry it ¢

a) Wave spectrum and typical wvalue of wave heig
I f the probability density function for a wave
distribution, then the relationship between t h

wave spegitsrugi vien by the forfmomant20f) t hehemaeet
determined in formula (21).

m.= [ S(f)df
IO () (2)

H=./2zm, ~2,5,/m, 23

Using thei;sgela6d®oH, Hwe have the f oslilgmvinfinvge arheeli agtl
and the spectrum.

His~ 4,0 my

23
According to actual observation i/ Bl.d8,nCasasalt
wave data in shallow water whelien¢he waves hai gt
the rel;at idootdfh satisfied. I n other cases, ther
Hi;ando mTherefore, it is acceptable to use forn

height from the spectrum.
b) Wave spectrum and typical value of period

When determining waves by the zezios pgasvse nmebtyh a dh,e
equation according to Rice theory.

T,=m, /I m, 23

Calculating the average pMirtisouwy aussu ntgy pteh es pBercetsrci
foll owilmagi onshi p:

Design waves must be selected to suit t he <cal
erosion resismanceae. st femtabebakwaters, ship mo

nT



independent piteée
data obtained fr
waves (haze) and

gubadiikeemsa.lwal Iws,t h di fferent i nvestr
om field observations and forecast
storm waves as shown in Figure 7.

Wave data
1) Actual measurement data
2) Hindcasting values

|

Statistical analysis

+ 1) Ordinary waves ; 2) Storm waves
P
Wave occurrence rate of
Design deepwater waves
deepwater waves

I l

l Wave transformation I | Wave transformation |

l !

Parameters of design waves

Wave occurrence rate X pe
1) Significant wave

2) Highest wave

1 l

1} Harbor calmness

2) Net working rate,
number of working days

3} Transport encrgy of
INCOMIng waves

4) Others

at the place of interest

1) Wave force acting
on structures

2) Amount of waves
overtopping at seawall
and revetments

3) Others

FigurRr dcess for determining design waves

Waves used in the design area are significant wave
waves and other waves.

Definition of wave parameters:

-Highest wave (highast WwagbebtigwhtveHberhodha&st wave
group of waves.

-Highest tenthmMwavWwWav(eH wi th height and period equal
period of the highest tenth waves in a group of wa\

-Average wave (average wave height H, average peric
to the height and average period of all waves in t|

-Deep water waves (deeganwlatdere pwawad ehrg imphiNeviper abda T
|l ocation where the water depth is at | east half th
as parameters of waves have meaning at that | ocati

-Equi valent deep water wave (Ho'"): The height of a
influence of dhmegetisopiendrtawdry such as refraction
expressed by the height of the significant wave.

The most significant dieswhghclwavecpadasetke ¢or He s p
wave height Ho'

HoT = Kd Kr Ho (2 6
in there:

ny



Kii s the diffraction coefficient;
Kii's the refractive coefficient;
Ho is the deep water wave height h O L/2

According to statistics from many standards (
approxi mately according to the following correl

Hi/y™» 1, 242 7H
Hi/ = 1,quzaverage wave height
Hma = (116163 2,0) H

Hi/ = Z,EOS

Tmax (0, 6 1028, 3) T
Ti/=» (0, 9106 1,1) T
T/ (0, !TCTta‘AQrpgle)i od

Tmaxé 17r§°10 (11T61,3)
NOTE: I f calackaridnggwawesonstruction | evel as prescribed

height H and ot her parameters, then you need to apply TC\

5.10. 2 Wave forecast
Wave forecasting must be done acddadredifrod |toawiaarg 4

-Determine the wind field

-Calcul ate the development and attenuation of w

The wind field is characterized by the foll owi
momentum and wind blowing time for deep water s
starting waves has additional dgptdlel tar bapearc

estuaries.

There are two groups of methods for forecasti ncg
1) Groeumndffaweanmet hods:

2) Wilson met hod

The Wi lson method is suitable for sthThm waveées ¢
to fd/,@anWdiHIs F moves.

Mnao
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FigurWawe forecast graph agEGsr di ng
c) Sakdmpitma melthod (S
The Sak-anmomtea hod was devel oped from the
shall ow water where the wave propagation
in Figuwrearld4he Hf ound 1af-Ccd reddrnogu pt oS pHe e d3)s.
according to the formul a:

directly

T1f3 = 3,86 \/ H1/3

P M

29

Wi
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2) Group methods accbhdong tbrepeghbtsaoamt ware
a) MRI software:

The MRI mo d e | wasl9GF Wi Ibtased doaMdb&oWi Bz smpectr
calculation time with accuracy c¢close to realit)

b) WAM software:

This is typicabf8wdrgenesatdi 6o directly calcul i
t owdve resonances based on the Hassel mann spect

The WAM model is also suitable with shallow wat
5.10.3 Refraction and shallow water effects

Wave crests tend to have a line parallel to the
The refraction dialg amepmri eeeanticn dagas ewhere th
approxi mated by straight, parallel depth |lines.
or curved in plan, so a numerical modeling appr
model innogt ipsracti cal and is for reference only,

constructed by progressive <calculation accordi
refraction on t hel uaarteead.. aTrheea dbievienrgg eervcae or conyv
indicate the concentration or dispersion of wa\
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Hudng séng nudc sau (van téc Co) b“ - b
cos y, cos ¥

Figur-@©ila@ram of wave refraction

In the absence of currents and assuming no wave di

wave height caused by refraction and shall ow water
assuming that thecemeemgyedvalvetsweaare ordbhogeomaailn sl i ne
constant, where:

E is the wave enenggyg¥#density, given by

in there

Jois the density; of water, in kg/ m

g is the acceler&tion of gravity, in m/s

H is the wave height, i n m;

Ccis the wave group speed, in m/s;

b is the distance between adjacent wave orthogonal
The wave height on the shoreline can then be cal cul
H=K K, Hg 30

in there

Hois the wave height in deep water, in m;

Ksi s the shallow water wa¥y&) coefficient, given by w
w is the vertical component of the water particle
Ceoi s the wave group speed in deep water, in m/s;
Ccis the wave group speed in m/s;

Kiris the wave refractiaoh)gcoefficient given by w (b
bois the beam separation distance in deep water.

The shall ow water coefficient val ue s, along wi t h
obtained from Figure 2.

o
Il



The shall ow water effect on random waves, i ncl
calculated according to Figure 3.

When ray drawing technigues are adopted, t he
measuring the relative divergence or convergen
anal ysis.

Sudden changes in deep seabed contours can | ea
cause energy transfer, in which case the above
I n calculating wave propagation for Vietnam's ¢
from deep water to the shore, the following 3 =
a) RCPwave software

The model was created in 1980 and is used for
waves in shallow water (estuaries). The basis
that takes into account refractsion, tdef fopamtior
2 : G G o}

Z(ccoB)+£(cco R)+ 87 2p=0

Ox Ox Oy Ox C (31)

in there:

«(Xx,vya): Velocit e poNMaevret igaloup speed

C: Wave propagatd@ﬁnngsmleaerd f.5quTéhcy
b) REFDIF model

The model l aunched in 1983 inegddarsStthleenowdv e
used for shall ow water areaofbatslkea weal ¢ hiet pot er

D¢ +Vu 22V (C. Cg. V.9) + (8°k2.C.Cc).0 = 0

th

(32)
i hhere:
K is the wave number;
U is the flow vector;

_(a a)

v=(Z2,2

9% 9y/ Waplace ;operator
= g.k.tanh (kh) ;

h is the depth.

c) STWave model

A wave spectrum model that b-ebhbrprpdbpagabandncgc
effects of di ffracti on, refraction, shall ow wa't
calculates aspects of energepBgencbuéeéiakggei ssier

d E (fo,x,y,t)

™ =-Ceq VE(foy,t)+Zk .S (£6,xy,1)

@3

in there:

PO



E dfx, vy, t) is the spectral energy density;

S(f, &, x, vy, t) is the addWewr omg. | ost energy densi:t
Calculating propagation according to models is very
field easily, but the |l evel of accuracy is differe
is different even thoughetriengi nist itehle datme .i s di ff el
NOTE: For ports at estuari es, refracted rays from deep water
direction of i mpact of the prevailing swé¢alde oonf the508@ ptogr AaphoC

i ssue is referred to TCVN 8421: 2010.

5.10.4 Wave diffraction

The diffractionhaolKéiwherient henshihg is anchored to
determined accordingly

i 34)
in there:
Hii s the diffraction wmuaarepdrei ght at point i in the
His the height of waves originating and correspond

a) Diffraction in a harbor with a protruddng dike
90with the port mouth. Three picturegwiftrhonp erOi o(da)T,
correspomddEangyg0t o2; 75 only allows the wavé ray to
= 90 Using the method of convolution, we can find:

Hq = Ka Hi 35

PN
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Twel ve figures 21(aj)wittoh 2pigrli)oda !l T oo ridp atdd;iKng5 t @n |
all ows the wave ray entering the =0 Td ogdte tplee preag
use the method of convolution.
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Period ratio Diffraction coefficient
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Period ratio Diffraction coefficient
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Period ratio Diffraction coefficient
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FigglZwo graphs
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.1 Sea currents in coastal areas

n currents or ot her currents must be studied
itude based on fmaetl hde nmaetaiscuarie meondtesl so.r The effect
rring simultaneously with other impacts, for tI
water movement is a combination of many differe
ral i mpacts; The velocity and direction of the
ding structure, and chaegandety meomfghexImoviemet
r causes the movement of seabed sedi ments, cau
nels and port tank waters, as well as erosion i
e -slcaarlgee changesalt @ ntvi @ omartemt , such as water qua
bi ological transformation.

erms of origin and scale in space and ti me, 0 (
currents, density currents, and nearshore cur

ely due to geologicalmetoenariaclaoons oanddti egisonal (

Estuary hydraulics

f ence of estuarine hydraulic regi me, inclu
s based on field measur ement data or numer i c

s of estuarine hydraulics include factor:
t the estuary, waves entering the estuar)

carried out wusithng aEeowmptriiampa eonted hfordesm
h, river flow and sedimentation from the

- (9]
>
3 —
o n
c .
—~ n o

=)
¢
=
Q

o

o determine the scope of influence o
shwater and saltwater interact with e
l hheuehce upstream. river to the mo
I
t

o D >
—
S+ 0 o
—hQ_—-
g "<

—
® o =

c f uences related to port facilities,
he upstream poi nt winoewreemesnatl st twoa ttehre
the river. in front of the estuary s

son (hereinafter simply referred to a:

Q_r—br—béo
OT —Twnw I c
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he e uary area, besides impacts such as tidal
e cu ent s, there are also fluctuations in f1lo
the state is in motion of vivageriamdtwatempdenx:
h
f
a
[

=
-

omena sSuc as density fl ow, and sedi ment movem
chemical | occul ati on. I n the estuary area, ol
ronment , nd the oagamiat menivnrohimenaraadcan be
n activities, therefore requiring There is con
e effects on the formation of surrounding stru:

i dal , wave, and current movements in estuaries

aulic devel opments in estuary areas are often
as tidal |l evel fluctuati ons, tidal currents,
current fluctuati ons. neatheheséeéuatn genebeael a
oOwWS:



a) Strong flow when the river floods, the grad
fl ow.
b) When river water is in a nor mal stat e, t he f
and density currents are added to the gradient
c) During the dry season, tidal currents wil/l
amplitudes, tidal currents are not strong, gr a\
d) At river mouths with | arge tidal amplitudes,
3) Density flow at river mouth
At the river mout h, seawater penetrates into t
di fference, and there is interaction between th
are called "gravity currennosutohr"” ,d ednisviitdye dc uirnrteon t
weak fl ow, mi xed fl ow medi um, mi xed flow stron
bet ween river wat er and sea water; however, i
seasonally.
4) Waves entering the river mouth
When waves enter the river mout h, they are char
Wave height increases due to refraction and sh
reduced because the river fl owatiisom,pparsd tiendroe da
height When the wave height reaches a certain
due to bottom friction, t he wave wil/|l break anc
5) Estuarine sediments
Sedi ment at river mouths is wusually sand mixed
under t he influence of waves, forming sand b a
sedi mentati on at river mout hs causraimatneyn abicfef
environment al management .
5.11.3 Fl ow force
1) Overview
The force caused by the flow, acting on struct.L
or near the water surface suftbuasabibdgeopikeri 8¢
proportional to the square value of the velocit
The force acting on the flow can be divided in
and the |ifting force acting in the direction p
are calculated accordingNoboet hdat olal ¢ wiimg tfudmurm
al so experience vibrations caused by whirlpool s
a) Drag force

1 2
FD=_ Dp()AU

2 36
in there,
FD is the drag force acting on the object in ¢ttt
CD is the drag coefficient;
Jo i s the density of water (t/ m3) ;

TN
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t he pr dajhec toebd eaxrted noft he direction of flow (m2

the flow velocity (m/s).

Lifting force

%C’LpUALU2 a7

there:

is the |iftthef @obgecdactinng hendirection perpendicu
is the |lift coefficient,;

is the prbhecobdeatreanofthe direction perpendicul

Drag coefficient

e drag force caused by the flow is represented by
formula (36). The drag coefficient varies with
d Reynolds number of t hterf iionve Bbei &appsopecatssavy
nditions.
en the Reynolds factor idigneatdarn tTadn eldB, ctame
andar df ovraltulrees drag coefficient. Note that for Ci
rfaces, the drag coefficiemt tvhael uRe ywiollld sd ef carcet aosre
5. However, for circular cylinders with rough sur
crease. The drag coefficient is not too |l arge, al
changed |l endingotoesphe relative roughness. The ¢
ve force experiments performed by Hamada, Mit suy:
Lifting coefficient
wi th the | at er al drag coefficient, t he 1 ft CoO
rection, and Reynolds number.
12 Geotechnical conditions
12.1 Soil survey
12.1.1. Survey met hods
otechnical conditions include: depth of bearing
i ckness of soft sdaialt i gulpthri &t wm,nddtthieoms of soi |,
sidual), unit weight (compaction), physical char
aracteristics, hydraulic conductivity, l iquefacti
otechnical survey methods to determine geotechni c
37, sampling i n borehol es, SPT testing i n bor e
chanical <criteria of samples ®peéetimegtsdigging il
il is a materi al that depends on great applied ¢
nsolidation over ti me. Or changes due to the so
nduct field surveys dependingenoh the decaléd of frice
nnot cover everything, so it i's necessary to mak
nditions before the survey (including databases,
s e, it i s | mphoartt anhte tgoe octoencfhinrint a | conditions have



in the overlying soil or consolidation, or to
changed.
5.12.1. 2. Location, distance, and depth of fiel
The location of a field survey, di stance, and
accordance with the size of the structure, stre
structure, and uniformity.. abathdmhegesneiatty gorap
the soil is the most important factor when det e
to check the homwmogdmeimiy yoomfnaoame soil from th
topography, ahdegypbpophyaiicon methods such as aco
met hods. do it very effectively. Distances of s
The survey depth must be sufficient to det er m
bearing capacity. Whether or nboetara nsgt rcaatpuant iltayy
di fferences in the shape and scale of the builc
For rel atsoeaelly pmmjldct s or when bkearfogngat esns
of exploration intwaltine Noobt diaryed fwidrmh ttthe st a
O 30 from 3 m tos6alme projfect awhanr g eibte airs npl gn
the depth of exploration into the soil | aytea wi
verify seismic performance, survey work should
wave speed of 300 m/s or greater is identified.
Tabl-&Suftvey | ocations and distances for dril
I n case the stratigraphic conditions are relati
(Uni t: m)
Face | ine Perpendicular to f a
Spacing | Spacing I|/Distance fr
(maxi mum
Bori|Sound| BoritSound Bor iSmgndi
. /Wi de [ 3060(¢ 10800
Prel.
50 25
SUrvismal || 50100 260 50100
Detailed| 56000 260 2030 1015
Tabl-&Sug&8 vey | ocations and distances for dril
I n case osft rcaotmpdreaxphi c conditions (Unit: m)
Face | ine Perpendicul ar to f acg¢
Spacing | Spacing || Distance fr
( maxi mum)
BorinSound| Boring Sound Boring Sou
Prelimi 50 1520 | 2@0 | 1615
sur vey |l es
5000
Detaile¢ 160 5-10 1020 5-10

TO



NOTE 1: Acoustic Surveys may or may not require drilling
NOTE 2 Panel acoustic surveys are the only surveys that do n
NOTE 3: For sonic suraegaor didmg | tionntghhées viadiegjelslr ed,] umnodo secti on.
5.12.1.3. Choose survey methods
The survey methods most suitable for the selected
scale of the survey, the importance of the project
Survey methods for each phase depend on the survey
Tabl&Suxvey methods according to survey pur

Classification

Survey objectiv

e

Survey method

Survey details

: : Confirmation of Boring Foundation depth
St{r;t:]%rizglalscal stratigraphical Sounding Thickness of weak strata
conditions Geophysical exploration Sequence of strata
Unit weight yi
Physical Classification of Undisturbed sampling Water content w
e ; : (structural disturbance is Soil particle density ps

characteristics soil properties possible for all except yt) Particle size distribution

Consistency wo we, Ip
(Hydraulic Hydraulic Undisturbed sampling In-

Hydraulic conductivity k

conductivity) conductivity situ tests

Bearing capacity Unconfined compressive strength qu

Shear strength 7'
Angle of shear resistance ¢
Relative density Dr

Undisturbed sampling
Sounding
In situ tests

Slope stability

Earth pressure

Compression index Ce

Consolidation Compression curve e-log p

Undisturbed sampling

Mechanical characteristics Coefficient of consolidation cv
properties Coefficient of volume compressibility my
. . . Maximum dry density Yomax
Compac_thn D|stgrbed sam_pllng also Optimum water content wopt
characteristics applicable In- situ tests CBR
. . . Shear modulus G
Dynamic Undisturbed sampling In- - -
characteristics situ tests A_‘rtenuatlgn coefflment_hp_-
Liquefaction characteristics
NOTE 1: The status of wundisturbed soil samples is determined
NOTEC21 cul ati on of cfhoalrlaccvtse rTiGMN c9 1vba3l.u e s
5.12.2 Physical and mechanical properties of soil
5.12.2.1 Physical properties of soil
5.12.2.1.1 Unit weight of soil
Unit weight must be determined through collecting
the field, or collected directly at the scene.
Unit weight is the weight of soil per unit vol ume
wei ght Li kewi se, the unit wei ght in water (the w

TN



buoyant force is subtracted) is referred to as
wei ght, it is necessary to establish methods f
can obtain test samples thatharkti elegpreTloartat owve
of clay soil can be obtained through | aborator:
the wunit wei ght of sandy soil or sand in the

humi dity according to TCVN 4196.

Moi sture unit weight is one of the indices ind
soi l hardness and degree of | ooseness, to cal cl

5.12.2.1.1.1 Moisture unit weight

Moi sture uni-t wei ght is the weight of soi l parf

void, calculated according to the following for
+I’e 1+£

y=pg = 1007 100

tem 1+ e 1+e '° G 8

I'n there:

Ais the unit moi®ture weight (kN/m
Jjtis the un®)t mass (t/ m

Jsi s the density ®»f soil particles (t/m
e i s porosity;

Siis saturation (%) ;

W is water content ( %) ;

Jwis the densi®y of water (t/ m

g is the gravitatidonal acceleration (m/s
Approxi mabé wval steswei ght of soil commonly encou
Tabl@

Tabl eUdi0t weight and moisture content of

Properties Hol ocene |Hol ocene| Sandy s

We t uni b( Wa&¥ gh 1216 1620 1620
Dry uni d( Wwa gh 5-14 1114 1218
Wateontent w 15680 6020 36010

TP



5.12.2.1.1.2 Dry wunit weight
Dry wunit weight is the dry soil wei,gcghtO)peralwcniltat\ea
according to the following formula:
P59
}’d:Pdg—,I:e
39

in there:
Aiis dry unitdh weight (kN/m
¢is the parti®.le density (t/m

}
Li kewi se, the relationshidapndb edtrwe enngivie t vgeuivgehtt bde i ¢ h
f ol

ol l owing formul a:
V= 71W
1+ —
100 (40

5.12.2.1.1.3 Floating unit weight
| f the voidsubmengnpd etehg buoyancy unit weight i s
formul a:

V=V =V = %g
(41)

in there:
A6 is the buoyanc¥%;unit weight (kN/ m

Asak s the saturated .unit weight (kN/m

Al t hough the wunityivsei §dhimewhfat wadteeprenBl en't on salt

temperatur e, its exact value is known. Thodr eaf or e,

fl ooded foundati on, taking into account the variat:i
vardmtiin A'saand not A

I n other words, when mul t ibpyl yai nsgp etchi ef icch a raaccttoerr itsot ioc
values, it is not necessary to appdyse® speciuhi ¢ fve
pushes buoyancy A’ is multiplied by a spesgific fact
5.12.2.1.1.4 Measure unit weight in the field

Met hods for directly obtaining unit weights in the
can only be made near the ground surface, solid

measurement met hod repl aces sand accordiag t o T
measurement method uses radioactive isotopes (RI)

5.12.2.1.1.5. Rel ative tightness

The degree of compaction of sand can be expressed &b
foll owing formul a:

emax_e _ /Dd_pdmin pdmax

emax - emin pz{max - pd min /)d

(42)

TZX



in there:

Diis the relative tightness;

€max S t he nul | coefficient in the most discrete
emipoOrosity ratio in the tightest state;
e I's the void ratio in the current state of t he

Jamins the dry density Hn the |l oosest state (g/c
Jamak S t he density in % he densest state (g/cm
psi s the dry density in the c¥rrent state of thi

The compactness of sand is greatly influenced
composition. Therefore, from the wunit weights
sand cannot be accurately esittiymaitse dus elch etrce fiom i
value within the range of void fractions mtxhat
eminfmihdnay t 0o obédmi beDdone according to TCVN 8721

5.12.2.1.2 Soil classification

Soil <c¢classification is done by grading for coar
Soi l mechani cal properties such as strength o
classificatdgrai feod <wmwialrs,e with uniformity for f
The method of <c¢classifying soil and rocks and t
classification method for ground materials accc
The uniformity coefficient is an indicator of
determined by the following formul a:

U=D,/D

c 60 10 (43

I n there:
Usis the uniformity coefficient,;
Dsoi s the particle size corresponding to 60% by

Disi s the particle size corresponding to 10% by

A large uniformity coefficient means that the
call edgrifaweldlO . Converselcmeaassmahlarvawueaot i Ol e
a uniform particle size. Such soil is called fp
System, gcaameal soils where the fines content i
di vi ddidviidrettoy di stributed soilsd and Ahomogeneo
Soil is widely¢cdistributed: 10 O U

Homogeneous 40.il : U

5.12. 2. 1. 3c oHyddurcatuilviict y of soi l

When the seepage flow in fully saturated soil
wi | | be estimated using Darcy's | aw.

TT
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coefficegi &nt

l

onductivity k (permsakil ionhws ciale fetlay e e, t )
| ope i and volume of seepage flow in wun
rmeability coefficient (cm/s);

l ume of water 3fsl)ow in the soil in unit

draulic gradient; | = h/ L;

ad [ oss (cm);

ngth of the permeation path (cm);

onsalP) .area (cm

e the permeability coefficient k of wund
or an in situ permeability test accordi
val ue of permeability coefficient

ed

each

rmeabil ity

(C=100

nt

k=CD} (45)

in there:

k is the pe
C is consta
Dioi s thoal $§ed
in the grai

Approxi mabé

n

vAkupermeabil ity

out t hatieatnhde tenfef epcetrimeea bgrlaitny sciozed fD c

effective

ot her,

coefficient

formul a
abbd the graimomielmmftect® vammb.

(1/ cm. s));
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size distribution

(45) to
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cal cul at e

size corresponding

curve

coefficient
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Sand

Silt

Cl ay
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conduct.
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1®cm/ s
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5.12.2.2 Mechanical properties of soil

5.12.2.2.1 Elastic coefficient

When analyzing the state of the soil dstammiern a
taking into account the-shnomliinneaidiatty omfs htilpe soi
When analyzing the state of soil as an elastic
are often used as elastic coefficients. -Becaius
relationship, the elastit beetiétermnnhedi byt bena
of deformation of the soil under analysi s.

(1) Strain dependence of the strain modul us

The ssteasn relationship of soil often shows s
range -50forlOspecifically |l ess than 0.001% or | es
constant. This maximum value &maxedoirmedymamisc t
met hods such as elastic wave exploration and i
of deformation increases, lihhe Eb@Gssecambdmbdal
from a conventionalonntceantf i aedacbmparisal compr
strain moduli when3th®. 5t¥a).n Whemgesornducting a

necessary to determine the elastic constant by
(2) Relationship between undrained shear strenc

For cohesive soilsfoapphexiimatted avaltuensgent i al
sandyen elastic modulus E50 can be determined

E. =210c
i u (4 6

Eyy=180c,

in there:

Eiis the initial tange#®htial elastic modulus ( kN/
Esoi s the secant elZastic modulus (kN/m

cuis the undrained Zhear strength (kN/m

Formul aofW¥g)dpplies to marine soils with a tigt
(3) Poisson's coefficient

To determine theofoassonls there (s currently |
several met hods have bezxn= p/oussdd .f olrn umrda ati ina
saturated s=01Mi28 aunsded for many other situations

5.12.2.2.2 Compression and consolidation proper
Compression properties of soi l and coefficien
consolidation can be o®&ltaulnatdedcfcroordithilge twa ITUCa/s
When the soil is subjected to unidirectional I
the soil particles causing settlement is calle
with water, pore drainagepairst incel ceess sianrtyo tsot rhburcitnug
ot her . For sandy soils with high hydraulic col
occurs Iimmediately after |l oading and ends soon
hydraulic eowme@éugtilwiwty Therefore, a |l ong period

TO



compressional settlement occurs slowly. The phenom

soi l with such cohesive soil occurring over a |l on
consolidation characteristics ftalremarsted mhwtt aondy tt o
the increase in soil shear strength during |l and r e
5.12.2.2.2.1 Calculation of final settlement due t
When the consolidation pressure and the void ratio
(after 24 h) in a consol ildmag i®mnalte sdcharrte, -t ®pd e dk mo
curve p, or compression curve,poarst i somolwamfg itmh eFuiegwe e
indicates the |l oading process and i s approximately
the Aabco part is called the normal state of consol
from the sthabtoe, atthemoitnhte r el ationship between void
reduced pressure equilibrium state as described in
and Adbo is called overconsolidation.

When a consolidation test is performed, the directd.i
at the boundary of "d Y b" indicates elastic deforn
and the pressure correspontdiengc dloe gihve eloauntdiaa ys tirse

p1 p2 Log p
1

— —— — — — —

I
|
I
I
I
I
|
|
|

Figurieelllo3gp rel ationship during consolidat

Theel ationship between void ratio e and pressure p
1 o]

zone in Figure 13 is expressed by the fo owi ng f ol

P2
@48

in there:

e, =e,—C.log,

Ccis a dimensionless number representing the degree
the compression index.

The ultimate settl ement caused by the consolidatior
t hel oegp curvemméhbdg¢gd; a€@d volumetric compression coe

The decreaseqri nasvopirde srsautrieo i ncreases from the press
at thetesbtfgep) pcan be determined bypgdprecectlayi neadipg
obtained from consolidation tests. On the other hart
favor of the safety margin, it can alnmwl de( £%)al uat

YM



Py +Ap

Ae = €po ~Cpoiap T Cc |Og10
BNCE:

I n tlheg ep curve method, the settlement S igg cal
either read directly or determined from the fol
Sh1fee

° @49
where: h is the thickness of the | ayer.
I n tcmet@od, the settlement S is calculated by t

S=h_Ce_og,, Pt AP

10

1+e, 0
G0
This formula corresponds to the formula by whi c
The volumetric compaction coefficient mv is us
compaction by a |l oad proportional to mv. Howev
pressure increases |ittle becawse mu ovan Ibd iases
strong nonlinearities. To <cal cwalcactoer dti meg 4 et ttlhee

formul a:

S=m Aph
AP 5y

wher e ismthe vol ume compression coefficient

NPo x(py + Ap)

I n general, t hecamwvs oviailduaet i ebwnr idnegcr eases with t|
overlying rock layer increasing. Under nor mal
plotted on a double | ogarithmic graph wild/l al m
callau e settl ement is the average value During
overlying soil |l ayer, the ef ftectrqpoof tNoe mar dwynd
wil |l ,fboer nt he geometric aver agegofsotiHe amefefsesmudrkevl
VPo x(po + Ap)
5.12.2.2.2.2 Settlement speed
I n the Terzagdhliaddhiemaly consolidation theory, th
rate is as foll ows: When increasing pressure
undrained conditions, the pore waet ema gpariesusduer ec
generated p. As consolidation progresses, por e
same ti me, Utahcet i ;ntgr ebsest ween soi | particles al sc
"effective stress". Howveetvesrr , p rt ehes wsruem w fa nt diet fpeo
bet ween soil particles is always equal to the
following formul a:
p=0 +u

62

in there:

p is the pressure due to | oad;

YN



0ds the effective stress:

u i s the pore water pressure.

Consider the case of highly permeable sand | ayers
When applying an increase in consodéemd#ndnu pirse sassur
shown in Figure 53. I n other words, at the beginnir
by the | ine UDCawidt whien= cp,nsolidation is completed,
l ine AB, W'ipt.h TunBe=cAlk,ve is the pore water pressure
the start of consolidation. This curve is called ¢t
far from the drainage | ayers have a relatively sl o\
The ratio of the effective stress incriepiendat ta t h
certain depth z called the degree of consolidat

i s a
at each average depth over rtalge eémtvied e offagxe®emsiod i daltli
consolidation is the ratio of area AEBCD to area AI

'

) - Drainage layer
* | 1

h v - f Clay layer

!
C B T . Drainage layer

S' h

Fi guriePolrde water pressure distribution accordd

Consolidat idemeindeantt ismébsi dence phenomenoent iThe con
cohesive soil |l ayer is expressed as the parameter
The relationship between U and,itsh eo ldtiariemesd ofnrl cens sc ah
theory. The correlation bet weenyatnhde tdiemeancstiuoan| etsism
expressed by the following formul a:

_ct

H® (s3)

in there:

Tvis the time coefficient:;

cwis the consolidation coefficient:;

t is the time after consolidation begins;

H* is the maximum drainage distance.

When the permeable | ayer exists on both sides of t1l
di stance H* i s the same as H. However, when the pel
equal to 2H. The degree of congdlei dastoicomsatdl i each o

Y



Figure 15. In addition, Figure 16 shows the th

of consolidation and the time coefficient.
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5.12.2.2.2.3 Primary consolidation and secondar
I f the relationship between the amount of sett]
expressed as degree of consolidation versus tin
the final stage of consoli datiior, dEXx pve it ihme rmteaol
Consolidation until U = 100% as determined by
mat ches consolidation theory is called "primary
Consolidation thhatth ed oceosn snoolti dnaatticon t heory i s ca
Secondary consolidation is considered a creep
to occur Ilinearly with the |l ogarithm of ti me.
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I nerificaei perdoor mance of port structures, wusually
| oad reaches several times the consolidation yield
the amount of settlement due to pritmafy sednd @lmeddt |
to secondary consolidation is relatively small, SO
considered when performing tests. define features.

of the ibecogpaseyiwith settlement cancels out the ef
it is clear that secondary consolidation wil!/ not

take into account secondary consolifdattostwhebhuegal

The process of ground settlement along with constru
As in the <case of deep Pleistocene <clay soil s, W
significantly exceed the consothdapiresegptcel of ssees®
consolidation cannot be ignored.

— - Primary
consolidation

Theoretical curve

Experimental curve
U=100%

— =L

Secondary
consolidation

Average degree of consolidation U(%)

Figur-erlimary consolidation and secondary con

5.12.2.2.2.4 Consolidation settlement of very weak,|

When backfilling is carried out with dredging or s
weak sediments must be expected. Mi kasa's consolid
sewéight effect of the clay Krmnges awumrdi ndecamamnlgieda fi
applied to analyze this probl em.

I n this case, t he amount and rate of subsidence ca
calculated using the finite differential met hod.

en the thickness of a |l ayer due to settlement 1is
and is so | arge that it cannot be ignored, many |

nsolidation settlement cal cukmegoniss Foduecxdh mpy e
50 %, the difference between the conventional cal cul
account the effects of changes in |l ayer thickness i
of consgmnavi sgbf swheraakl owed to remain the same af
When the | oad increases, this i mpact al so rel ativel

For |l oads equal to two -woeri gnotr eo fo ft hteh es oaf vte rsaogi el sl eal yfe
[ ht becomes very small and can al most be ignor e

stimate the consolidation parameters of very we
ying continuously a constant strain rate as sp
e time effects or for Famn dehessidde nd oyi losh swelr ored
olidation yield stress has occurred, a constan
h a cohbobgpucwsgve can be obtained i s a very L



nsolidation yiel d sgp ecssr.vedoiwevegnreatlhey &ffect
el o,egp curve obtained from this experiment C

OO0 o0 —*o0o
O O O O

nsolidation pressuregpompmarveed otbha ab & e daesferdo ml
nsolidation test as specified in TCVN 4200.
nsolidation yield stress becomes | arger.

5.12.2.2.2.5 Correlation between compression co¢c
and physical properties

Among all soil tests, consolidation tests requ
results can be estimated from physical test r
speci mens, this is a relativel ythsei nptlse rteessutl tmnse
achieved, which wil!l be very wuseful. Skempton i
relationship bet weedanaompred.sdsilamiitndwe x C
C,=0.009(w, - 10) G 3

in there:

Ccis the compression index;

wis the liquid |imit.

Equation (138) casalmpl apptéeednsoi cttaegd and con:
or to newly formed clay soils by artificial b :
i nadegqguate compaction properties of naturally &
Th reason why natur al

e l'y cohesi ve sotihlasn hfarvees hg
soils is that during the sedimentation process
due to the reacts over time Iriekd scamerntratyiean .a
consolidation pressure exceeding the consolidat

12.2ha8B8si stance properties
The shear strengt
cohesive soil. Th
shear strength of

h parameters of soi l are det
e shear strength of sandy soil
cohesive soiilltiiengdeter mi ned

I n general, the hydraulic conductivity of sand
sandy soil |l ayers, excess water in the pores is
On the other hand, f or coonhessi vdad fsfeeirle nltay eDrrsa,i ntah
is almost not expected because the hydraulic c
the shear strength of a sandy soi l |l ayer i s ¢
conditions Mksdmd tumeleco drained conadirtei oonfst eqD.
smal |, it is common practice to ignore c¢cD and ¢
I n the case of a saturated cohesive soil |l ayer,
bet ween before and after construction, because
Therefore, the undrained sheasedtasnghk béefeng
For intermediate soils with permeability somew

should be considered sandy or cohesive based o
conditions.

5.12.2.2.3.1 Shear strength

The sheartfstfrsm)gtlhis often expressed by the fol

YP



7, =C+otang 55
in there:

“Tis the shear strengt h;
Cc is the apparent cohesion or cohesion;
Pis the shear angle (A):;

Gis the normatustiregssonfahe.

When a stress is applied to a soil, the stress act
called the effective stress, and the pore water p
applied to the slotiHe ief feexepirieises esdt parasmgls acheapPore wat
pressure is expressed as u, the following formula

=0 +U 5 6

o =0c-Uu
67
in there:
0i s the total stress;

i s the effective stress;

u is the pore water pressure.
In formula (55), the strength constants, such as |,
tests, but the condition with the greatest i mpact I
to change volume known as "tshweldhear" sahridnrgtbheimnfg &l
|l argely on whether or not there is a change in t|
conditions are classified into the following three
used for each case:
-Condition 1: no consolidation, no drainage (UU <con
-Condition 2: consolidated, no drainage (CU conditi
-Condition 3: consolidation, drainage (CD condition
4
.Q\u\'_:
T \\/
O
g B
/ /7 — 4
= t l (CusPu ())
-
(T* /)()
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we obtain

Figur--kel&tionship between drainage condi ti

Figure 18, the composition diagrams are sho\
re performed under drained condition 1; 2; 3
creasing or decrleassisnhgo wno roneasls bshthrtessasmp b been
fore reachéng pressure p

shown in the figure, in unconsolidated, wund
d does notd.ldneptehned coanse od oromnldiidadtoinor2 aorfd no
ngd tphe shear strengthliimocreases. |limeaaod di taiso
d drainage the complete shear strength is ¢
cause th oid ratio is reduced weakbdryscecloihes!
|l oose s 0diHo weveh, swmbeherthdahi gure, the
ress is gen astheedarasst rength under comsdbl eda
an the str gth under consolidated drainage
in due to the impact of expansion during cul
the foll owing:

ge,
e Vv

and.
die*shih
t en

) I n t k& ,srpercgdipally the applied | oad is |
nsolidati on; condition 1 < condition 2 < conc

) In tihemp<amgymel y the applied load is slight]l
essure; condition 2 < condition 1 < conditior

) In fikédramelgye the applied |l oads are much s ma
essur e; condition 3 < condition 2 < conditior

e shear strength used to test soi l perfor mal
ngerous drainage conditions expected to occu
ear strength will then be as foll ows:

) When |l oading occurs rapidly on ground with

ause consolidation progresses and shear str
t dangerous time wil!/ be i mmediately after |

1 ed 4t|eemslsd)|atbirl'h'eyspeabjrfamreﬂnglshtime i s tak
e shear strength cu determined from unconsol i
ading. The parameter cu (undrained shear st

alysis wusing nceut hi®sd @I'so Coalstedciii on of sea d
ere is no need to dig, embank, and build di ke

) When the soil permeability is high or whenr
mpl et ed cdounrsitnrgu ctthieon peri od because the | oadi
om the soil |l ayer occurs simultaneously with

crease with loading, it i s recoDrame_(PDdedcbtteharti n:
der fixed conditions. cohesion and drainage
rth embankments and di kes on sandy soil fall:¢

hen the hydraulic conductivity of the gro
ma | Udsotnr etshse s hear pl ane. I n this case, t he
i d of time has passed, w h eann dt hleo sseosi |i tasb ssohre
s i s catledrend stthaebillointgy probl em. As shown in F
omes | owest after water absorption and soil
ot hedi svos Heeghst Ityhan poO. Therefore, in this
nsidering soil expansi on. Mabi ansteadi nsioni g sa nodr erxec
eviously appl i-beads etdo scooihless ifvael Issoiilnt o t,hiisn ctah
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case of very heavily ovuescoesyl s chalt g dcteep dpsae dameesat espr
cDanc.(pD are used to test the performance because |

consolidation conditions is the smallest. . Typi c:
met hods are used but it also applies sB8eacdnh&esuati
deeper depths and dredging of |l and on the seabed.
I n most cases for nor mal construction conditions o
UU conditions of (a) is used to test the perfor ma
strengt hpcuonnddeirt i@ns of (b) is used for sandy soil s
corresponding strength calculation methods:
a) For cohesive soil with sand content | ess than 5
7T=C

(53

in there:
U's the shear strength;
Culs the undrained shear strength.

b) For sandy soil with sand content higher than 80¢
7 =(o —u)tang, 59

in there:

U s the shear strengt h;

Gis the stress normal to the sliding plane;

u is the hydraulic pressure at the construction sif
D is the shear angle for drainage conditions (A).
Further mor e, because soil with sand content bet we
properties between sandy and cohesive soil s, it is
strength of intermediate soilstrendthfotubandygmpar e
soi |l s. Therefore, the shear strength for this soil
mo s t recent research results. For intermediate soi
better to utafl itzreptdehsetadr e€Stucl.t srat her than to evaluat
the unconfined compressive strength.

5.12.2.2.3.2 Shear strength of sand

Since sandy soil has a high permeability coefficie
conditions, the shear strength of sand (p.Ds fohmown i
drained conditions can be determined using the trie
conditions. Si(p.ﬁ)cbetclmene\salllaeg@f when the void ratio ¢
its density becomes high, the void ratio e0 in the
it is best to obtaisnn. and test a sample as

Al t hough ot?D walnbesof the same density wil!/|l vary sl
Bpb val ue was deter mi ned by a triaxial CD test per
corresponding to the condist isoannsp.l eT, h ewhdiecshi gcna nh abse auns
parameters for stability analysis. HoweWVeundahi oase
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heavily influenced by progressive failures, the
t h®D value is det er mipeexg elryi nee nTth el st ruisaexdi ali r&ct |

Compared to the case of cohesive soil, sampling
and also very expensive. This is the reason t
determined from the N value ofhanstaomhaadl pbaea
For the formula for determining D from N value
Val ues.

5.12.2.2.3.3 Shear strength of cohesive soi

Soi l with a percentage of <c¢clay and silt greate
several met hods, as presented bel ow, for det e
cohesive soil s.

An appropriate method should be chosen consi d
characteristics and the importance of structur e

aygumet hod

This method uses the average value of the hip
strength cu used for performance verification

c,=q,/2 6 0

in there:

cui s the undrained shear strengt h;

qui s the average value of the side compression

I n compression expansion tests, expansion pres:¢
the resulting strength may be very smal/l due t
clays sampled from depth suchreascrhlmarkd Rlaei setaos
Caution should be exercised for application on

not be possible to maintain the effective stre
smal | shear stremghbdmaynbehidet ease, it is bet
such as triaxial testing or direct shear testir

b) Method using strength from triaxial tests tze

The analysis of the stability of an embankment
shown in Figure 19. The increased vertical stre
so it can be assessed The shefahi stbheynghé At acr
mpression test (CUC test), although strictly
i al symmetry. On the other hand, shear occur
se of t he s | orpeea s ed uien thoo rtihzeo nit md stress, s o

iaxial wundrained tensile consolidation test.

d axial symmetry, and there are | arge, diernvivahtii
e axi al force decreases, while the dike fail s
e ar c, the deformation pattern is neithe+ co
rizontal shear. So i$ by @odisi bte sbeawval eaat ¢

o e B A T © i B o)
O T35 - ® X O

Y ®



Triaxial Triaxial
extension compression

i
Sue Q - Sue
Box shear
I

Sue

]
Figurestla®dility and strength anisotropy issues for
base

The shear stusendtihn sperf 6 ymagcéeé hef port structures
value of the compressive strength suc determined f
strengteht er mi ned from a test. The tensile test wildl

. _Suc+sue
’ 2 (6la )

or the directyssehrealre sugecdgash & representative val ue

u = Sus 6l1b )

in there:

s’* Iis the shear strength;

Sui S the compressive strengt h;

Suel S the swelling resistance strengt h;

Susi s the direct shear strength.

For most soil types, the triaxial swelling resista
strengbtuhrisng sampling, it is Iimpossible to avoid ir
scal e, even when efforts have been made to reduce

undrained compression test | ackisonr eneitahboidlsi tfyr,e gouuetn tj
on t hem, because in the present situation other m
determining usdraingedc,aslhléear s ecompression method"

most reliable of the currently proposed test met hooc
by recreating the same stress condition @mas thei $est
possible to further reduce the interference effect
El ements in the ground surface depend onhothedeffec
the horizontal solihd (=pve s shresampl e estaken has zero
atmospheric pressur e, and the isotropic residual S
certain extent. HowelvieliolsbKsliyei onn stohlei dtartiianxgi atlo t est i n
undrained shear tests can be performed with the sail
original copied position. {hocarflfe caalveeu loavtea d ufrrdoem
gravity of the test samples taken. However, a probl
pressure cwoeféveraht m&t hods of determining the coef
proposed, but it is also possible tocoaset mdaei bhe

oM



test using a triaxial b o Xo.1 sSHearne , e xtpheer i aneemd o liind
pressidirse controll ed-seactt hatatlh ecaeseme wifmen does nof
the axi alliopr eaxs wiliensctrredism®esv er qo btthaei nked by this |
Kond or the normal consolidation st ase,i whsboul d
that it dfsornostoitlhse wk th ti me effects as in oreal
under norlmadatciomsocondi tions is mostly in the r

The recompression method can also be applied t
in diameter of the test speci men is resisted
solidation pressure equal tolvi hetefbeabitvene
w. K

(@]
> O
O S

hough the undr ai/h)edolstheiamed tfrreoamgtean (yundr ai ne
ge total variation, the average valueoifstheu
ar strengt h. undr ai ned obtained from triax
ompoes snet Wigdndolikdhonsol i dation is capable of
dition as the specimen in its original posi i
axi al andsséensitestempseing the recompressiol
clearer, is slightly hrigdhemprtersami otnh et ersetlsi.a bl
sts are given priority to verify the perfor me

- — 0 =0 —> x
S O =~

(¢

Met hod using strength from a direct shear te

—
nw T ~ O0Onw =00 TR —

s met ho@ssugesngtthhe determined by a direct she;
unidirectionally consolidated under the pres
e direct shear test can be performedamncsbordni
ed to verify the performance is given by the

c —
n =

¢,=08605 o

in there:
The value 0.85 is a correction factor rel at ed t

d) Met hods of combining compressive strength w
triaxial compression tests

One problem with the qgruelmeatbhiod tiys itshatowt e snt isnog
because testing is subject to disturbance duri
met hod can be used to determine the strength by
the strentgnihaxXiromlm QU test and evaluating the gl

sample is isotropically consolidated (B twhena\
Ko=0. 5, then the CU triaxi al consolidanhi contdest
Drainage. The undrained shear strength thus obt
by 0. 75. I n other words, as iIis the case with th
val mausst undergo prepclbhcebesicognvertred values. '
natural soils and is not applicable to unconsol

e) Method for determining undrained shear strer

A wing shearing experiment is performed as desc
average value of the ob)Y acardbshesaedstao engt ihf g
undrained shear strength cu. A wing clipping ex
with the flexibility of a field site. The test
thabhnota be performed by a compression test with
sampl e sepanatihemefbtrecbe applied, for exampl e,
l and is being Iimproved wusing vertical drainage
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principle are si

i mple, attention must still be paid
ways to reduce fri

ction and measure its effects.

Each met hod has its own characteristics, whi ch mus
t he most suitable one.

The undrained shear strength cu of cohesive soil inr
the higher the consolidation | oad, the greater th
consolidation pressure increascgesveriyicogpshbias!| alye!
so normally the 4bassesdrepngtbB ohccéayges with depth
undr ained shear strengt h. used in performance tes
formul a:

C,=C, +kz 63

in there:
Cuis the undrained shear strength at depth z compar

Cuoi S the undrained shear strength at the surface of

k is the ratio of intensity increase cu to depth z;
zZ is the depth from the surface of the clay | ayer.
5.12.2.2.3.4 Increase in cohesive soil strength du:
The undrained strength of cohesive soil wi || i ncr
i mprovement methods such as the vertical drainage r
by consolidation is an importanhcpaasaeamdtby pecausde
t hrough consolidation. conclude. Naturally deposi
consolidated, or even if it is normally consolidate
ovaermnsolidated withdabhiehastiressopsal arge due to t
For this reason, the rate of increase in strength

soils in the case of slight overconsolidation thro
overlying soil | @yyeegru iwi atlhe natn teof fceocntsiovlei dati on press
consolidationc¢:(emzacpt. i cThet Teagg ep -a& hxeoiclu/ mprco pvearltuye par
used in the vertical drainage method that increase
ratio and the more effective the soil i mprovement

in aesh and field results goffvembhoenéregaydl easJapanp
within the range shown by the following formula Thi

From a practical point of view, the overconsolidat
soils is typically (et d@CeRn 1t .hGrendfdrle.,5,t hendata i n
correct proof for expression (148)

°
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Fi gurieRe2l0at i onship between fih@asticity in

12.2.2.3.5 Reduction in strength of cohesive

the |l oad is removed after consolidation, th
usiuhg @Gecrease. I n addition, the time requireé
me required for consolidation. The drainage ¢
uation (64) as shown in Fugueeth@e, pspesitblies s
at occurs after swelling. Specifically, t he
|l amarkenswch as vertical drainage or preload
|l structures, and dredging deeper into the ¢

2.2.3.6 Intermediate soil strength

s with sand content bet ween 50% and 80% a
sive soil s. For this type of soil, the per

consideration to deter mi neTlwdhre,t htere tshhe asroi
rmined accordingly. For intermediate soils
aulic conductivity determined from a | oade
e, due to the iltiimintsat iexmpse radfmetnhe cond

b

c - ®d® o o —

r not only to improve the testing me

s ette
VN 9846 el ectri c dceotneer npiennee ttrhaet ipoenr nieeasbti Itiot y

o -

n the permeability coefficient detedAmimhed b
| i s considered pc.(prDmevaabIIuee. dTehteerrenfiionreed, ftrhoem

etrationonm e ir@taxn ad test can be used ms Odes
ording to experience in surveying qi[bivlalpureopi
ater®than 30

n the permeabilitdcomdsef fi ot emdrefiddrathaeh caitld®st
carried out as for cohesive soils. Because t
ger in intermediate soils than in co/mesihwa s

not been properly evaluated.

orrection method is used for the strength of
the average of the clay fraction and plasti
mbined with compression Beastlwicompsiedsi @expadmes
st as a method to evalwuate the strength of ir
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5.12.2.2.4 Method for interpreting N values

The shear angle for sandy soils is calculated usi
penetration test value.

¢=25+32/ﬂ¥gﬂ—
+GV
° 69

in there:
is the shear resistance angle of sand (A);
N is the standard penetration test val ue;

Gvd s the effective pressure of the overlying soil |
test is perdformed (kN/m

The relationshipandemwagnsbi Vfapaeameters have been
at different | ocations. However, when using these
underlying data of their origta amd ¢ bdrefisrom |t hceinrd
application. As can be seen in Dunham's formul a, wh
the vPWaie determined directwiyt hforudam ctomes i dNe rvianlgu es h ¢
overburdeni/yp Hoswewree, since thNarieBaawi vdeamnisntli ur
21,,0niu st be consider efdrotno adevealrumd nef DN. This conce
evaluation of |iquid. I'n this assessmesntwhitdhle i3 qu

equivalent to the N value converted to tHhHeés N value
65 kN/ m3.

Similarly, it is well known(p,t htante eN/ ewa liune sioniclrse avsie
increase in the effective ovaefbueldenm spf dédes trak.e nTHh e

account(pdwahteenrmining from N values.

— — Terzaghi
Giblps, Holtz
50 Yanase SV'0=200kN/m2
_ ___ smallsand storm / ' 2
5‘;0 Pregsure of the soil layer above the effective / SV()::I'OOKN/m
/
40 ) 7 / i
/ S, =200kN/m?
30
y P /// /SV'0=100kN/m2
/ / S/
20
/ e /< s'o
/P D
10 e e
~ _~
s -
7 / _——
ol — | T -——
0 20 40 60 80 100

Figure«<fdkct of overburden effective pressure and
Coefficients that affect N values

Factors affeotviemd aN, vahdeguantitative correction 1
have not been devel oped. However, to understand N
influence coefficients are as foll ows:
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h
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Density
he density, relative density, of the soil
eases.

Wat er content

ddition to compacted fine sand and silt so
, dry sand, and wet sand.

Overlying soil pressure is effective

N val ue i ncorveearsleysi nwgh esno itlhepressure is effec
I nfluence of underground water | evel

he water table fluctuates, the effective o0\

he Hlval edsange.
Ot her influencing factors
N warliuees with soil particle form, particle

Shear resistance angle of sandy soil

shear angle is an important constant for s
r strength of c¢clay soils. However, it is a
the same type of soil wrlkef onet haveésaneo
stigate the wunderlying data to establish
itions are assumed in usability testing met

N value of cohesive soill

ared with sandy soil, the N value of a cohe
revious experience @mnd 1e0®keN/inmeet al measult it s
i fficult. I n cohesive soils with qu value,
|l es with a standard permeability test type
uctingtéaboraeopegri ment to know the physiceze
ooimythe N value it is impossible to deter mi
tant s. In sheeangsd &1 eashioglene clay, the pr
stress history have changed anntumbesamé &t m
soi l properties are noonsaliifdatm, omnun rae | satt:

ctive pressure of the overlying roakhdl apeél
erties vary ¢gteahbhpnpgwst hnolhrb gaadsdriatni oconr, dheaprtdh
niques are difficult, and cracks can easily
igid cohesive soils is often evaluated wusir
gual istty soafmptlhees .t e

. 2.3 Dynamic analysis

.2.3.1 Dynamic deformation modul e

For seismic response analysi s, an appropri
rmined to stipulate the relationship betwee

Seismic performance testing can generally b
ods and dynamic perfor mance testing met h ¢
fication methods is the seismarcthcgedkeéeciemnt
he ground or structures in the form of a s

®P



equil i bri u0n otfhef ootcheesr, hand, in dynamic testing met
coefficients or @ampacétekataopnorwal speed and def or ma
shall ower than the bedrock and foundatei st ahailli tfyoro
the ground or structures.

As for the seismic response analysis method, both
analysis are used. For either method, a relationshi
soi l is required.

Typically, the relationship between shear stress a
effects is described by a skeleton curve and a hys
A frame curve will show notalmplnonmidienbarciomgsas atr Ige
the dynamic strain modulus dictates this relations
must be applied appropriately when conducting a sei

(3) Relationship between dynamic shear stress and

There are many models for applying soil shear stre
as the hyperbolic modelrnkewvdowih a®dtehe-@sigiodihmemddenb.er

(4) Method for expressing deformation characterist.i

To evaluate the behavior of the ground during an e

bet ween dynamic stress and soil def ormation for a
be evaluated and modeled appropridygmnmalmy.c stTlassr aln:
deformation is expressed by two parameters: shear
equivalent Il inear model. The shear modulus G and de
shear strain ampl it udeex pbrye sesxiporne s(s6i 70)n a(s6é 6s)h cawind i n Fi
G=X
N CX
thw

in there

G is the shear) ; modulus (kN/m

U s the shear str#ss amplitude (kN/m
Ais the shear deformati on amplitude;
h i s t hecaeafnfpiicnigent ;

W is the stra’)n energy (kN/m

PV is the dampi Hg energy (kN/m

Since t heef vtaHeu’eYShear modul us G and—ldiamepairnlgy cdoeepf & ni deii
on the value (AA anduaveuGY & ah~A are Rispuadd y6dr awr
wherg sGthe shear nrmodulus at A =10

(0D
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Hysteresis curve

Figure-2t2r(esagysr ain curve

)
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h: pamping constant = Vo
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<
»
w
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(5) Measur emoduel ussheaard dampi ng coefficient

The shear modulus and damping factor mu st be det

resonance or cyclic triaxial tests, or by field te
met hod or thipd et wredwgh ty measur ementcametbleodu.s elda btoor
measure shear moduli and damping coefficients for ¢
1fshear strains to failure although it must be obt a
can also be used to eaenal wWeetfeo rartaan goens nmomMudynaue to
structures. For cyclic triaxial tests, the shear ma
G=_ %2

2g,(1+v)

63

in there:
G is the shear) ;modulus (kN/m
Ga is tdteraxs aampl i tude (kN/ m);

O is Poisson's coefficient;

Gbis the axial strain amplitude.

For O, a value of 0.33 is typically used for a dr a
condition.

The damping coefficient is calggvubdbetedminem foomut he
str-essain curve in Figure 22(b).

Field testing was | imited to measur e mesnhtesa ro fs tsrhaeianr
amplitude |l evel s. Such tests have not been put i nt
modulus and damping coefficient for | arge shear st
the advantage of bei nign afbiheel d od inreeacstulrye. vTahleuye sar e al
shear modul i obtained from | aboratory tests. The el

the formul asfr(o6m)t teo d(artla of el astic wave velocit
exploration using borehol es.

GDZpVSZ ﬂVs;z
69

= 2(1+ v)G
EU 0 (70

ik

V, |
V= .-‘._z

%l

2{4v—‘1-1f

L)

in there:
Vpis the longitudinal wave velocity (m/s);
Vsi s the horizontal wave velocity (m/s);

Gois the shear > modul us (kN/m
Ecis Young's mpdulus (kN/m
® is Poisson's coefficient;

Jis dengi;ty (t/ m

oY



Ais wet speciBi;c gravity (kN/m
g is the accelerdation of gravity (m/s

There are various 1issues that need to be take
carrying out elastic wave exploration on soft

receiving and vibratilomggelast halwaweastsaovas s
wave profile readings, and methods of protectir

~
(o))

) Simple estimation of shear modulus and damg

cases where it is difficult to directly meas
om | aboratory or field tests, there are meth
id ratio, compressive sareegt Howevéar exipansih ol
at in the estimation methodsafryomi Nevgl uandt b
variation is about 0 , 2. For examwphe, vedoed:
thor lamahi ,s ofiolr teype, the verificati-wavefvehec
shown for Hol ocene sand. and clay in Figur
mat edf-w8bveevelocity convenrd eac tf u ablmr vNaH vubebsua. e
y soils, the average value of the ratio is
e deviation. For Holocene clays the mean Vv
. 32. I n both caiskewt i otnhecasnt aié stonai darnedr
stribution.

OO0 T unwo TYo T T
A < VI DR V2 T O B exis (e B @ B s |

20 30 T

M T Holocenne
sandy soil Holocenne

clay soil

[~}
(e}
T

LAl i

0 1 2 0 1 2

Frequency
]
I
Frequency

—
[w]
T

Figur-e«€s24 mated aceaarnvacyweflorciS$y

12.2.3.2 Dynamic intensity characteristics

(1) The strength of soil against dynamic exter:!
experiment s. I n this case, it is necessary to
forces and ground conditions.

ypical dynamic external forces encountered in
ave forces. The characteristic to determine s
epetition, while the characteristic to deter mi
imes cyclically. Currently, these dynamic exte
n the seismic coefficientsmehkod. i Howsvaearcebtls
s dynamic |l oads such as in |iquefaction anal
ohesive soils of foundation soils beneath st
ynamic strengtfh emf dtehersnéoinledi dyocyclic triaxi
riaxi al test s, the undrained cyclic triaxial t
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3 Earthquake

3. 1. Gener al

n designing port facilities, the effects of wear
ucture maintains adeqguate seismic resistance.
The following issues must be considered when st
Earthquake | evel in the reghendeeadt hguahas yizha
ion during earthqgquakes, etc.

Soil conditions at the construction site

The importance of the project (based on a compr e
ortance)

Seismic resistance of the structure.

Research items related to seismic resistance an:
Stability of the entire project

Antip stability of soil

Effect of | iquefaction on structural stability
Stress in structural components

From an operational point of view, the relative
acent structures or with the soil

Seismic resistance of port structures must be
racteristics of the structures using the method
es where seismic design i s rienmpwirrteachcend itthd ss tnre
refer to dynamic analysis met hods such as wear
thguake <coefficient met hod or resposmtsreu canuarley s i
tem as in OCDI 2009

For structurteyspes pcdherass tghraatviatrye rel atively stiff
smal | compared to the ground motion during an e
sidered using the earthagwalseicaoefcf icoiedrti ciireni. &
3.3 Seismic coefficient method

For structures with a natur al period close to t
racteristic of small damping, or for structures
the earthquake must be stheimddi cSieedmear rlegiuaska
hod given in 5.13.3 Seismic coefficient met hod
racteristics of the structure.

3.2. Earthquake resistance of port structures al
t structures and port tanks must be able to mai
ing their function when subjected to earthquake



Tabl eEdAR2t hqgiumkeced movements and earthquake re
tank structures that must be consider

Dich chuyén cta dat nén dwoc xét Céng trinh cé thé ap dung Stre khang dong
dén dé thiét ké dong dat dat

Chuyén déng ctia dat véi chu ky tré lai | TAt ca cac cong trinh (trir cac cong | Khéng mét chirc

500 nam trinh dwoc diéu chinh theo cac tiéu | nang cua chung.

chuén khac va cong trinh cép 1V)

5.13.3. Earthquake coefficient method

The earthquake coef f idceteenrtminmeet heoadr tihsq uuaskeed I|tooa d s
relatively short natur al period and a |l arge da
must be determined using the earthquake coeffic
coeffiamidermtad cul ati ons according to (a) or (b) I
port structure, the |l oad impacts on the center

a) Earthquake | oad earthguake coefficient x ¢

b) Earthquake | oad earthguake coefficient x (

Note: The influence of the vertical component ¢
compl ex, combining both the structure type an
Therefore, there must be a more rvgotrious!l resrt
coefficient to include vertical earthquake | oac
However, for practical earthquake design, the v
calculation to avoi dnocnadmpolriicnagt irocenssu,l thse chaawsee s h o
near the epicenter, the vertical component The
component . I n addition, based on existing rese
coeffti dinebm. 13.4 The design earthquake coeffici ¢
vertical earthgqguake motion. Therefor e, the use
determine earthqguake |l oads in tthesdesign of <cor
5.13. 4. Design earthquake coefficient

1) The design earthquake coefficient is calcul
reference agR on type A foundation (base rock)

territory of Vietnam or taken sf roofm stohnee ztoenrirnigt ar
by competent authorities.

NOTE: According to the design ground acceleration value &
-Strong earthquake reagi @t@.nkt&g musdi vmi cal cul ated and const

-Weak earthquake 0.04g O ag< 0. 08sge,i somilcy snoeleudt itoonsappl y mi

-Very weak earthquake ag < 0.04g, no seismic design requi
2) The earthquake coefficient is the horizontal
bel ow. The value of the coef fdiicgiietn tn ummubsetr bbey erxc
third number is five or moore or omitting if it

Eart hquake ¢gl=efrfegiemadl (ekar)tmqU)aksaoicloecfdrid:ig)teindtn
X importance)coefficient (A

The regional earthquake coefficient i1is calcul at

NMN



kn 1=

ag

i n

agR is t

g is t

R /

ther e:

he

he
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gravitational
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peak

ground acc
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eSadasl

condi

el eration;

el eration.

ti on

coef fi

ci

ents

Loai dat géc

Loai A

Loai B

Loai C

Heé sb diéu kién dat

0,8

1,0

1,2

Tabl

eSadaul

cl

assificati

on

Loai dat

Chiéu daycua tang ky dé

Tang soi

Dat cat thwong
va dat dinh

Dat yéu

5 m hoac it hon

Loai A

Loai A

Loai B

Nhiéu hon 5m va it hon 25 m

Loai A

Loai B

Loai C

25 m hoac I6n hon

Loai B

Loai B

Loai C

NOTE: I n the
|l ater al
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of al most

coefficient

above

compressive
determined atéiehdilmayger
equal
val ue

t h

Tabl el mMportance

tabl es,
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|l aye
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we ak
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he
soil
rs.

greatest
type

coef fi

i s
20

sandy
k N/ m2.

mu st be

cient

soil
Wh e n
thickness. t
deter mine

Loai két ciu

Dac tring két cau

Hé s6 tam quan trong

Loai dac biét

Cdng trinh thudc co tam quan trong dac biét khéng cho

phép huw héng do déng dat

Thiét ké véi gia tée Ion

nhét co thé xay ra.

Loai |

Cong trinh ¢6 tAm quan trong séng con véi viéc bao vé

cong ddng, chirc ndng khéng dwoc gian doan trong quéa

trinh xay ra dong dat

1,25

Loai ll

Céng trinh c6 tdm quan trong trong viéc ngan ngira hau

quéa déng dat , néu bi sup db gay tén that Ién vé nguoi

va tai san

1,00

Loai lll

Cong trinh khéng thubc loai dac biét, loai I, 11, 1V.

0,75

Loai IV

Cong trinh ¢ tAm quan trong thir yéu dbi véi an toan

sinh mang con ngudi

Khéng yéu cau tinh toan

khang chan
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considering
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