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Marine Port Facilities ï Design requirements - Part 2 ï Loads 

and Actions 

 

1 Scope of application 

This standard regulates loads and actions in the design of new construction, renovation, 

upgrading and maintenance of all types of seaport projects. 

NOTE 1. In this standard, two design methods according to limit states are presented simultaneously: Design according 

to the method of component coefficients following BS6349 and Design according to the method of resistance 

coefficients and load coefficients following OCDI2020.  

NOTE 2. Designers may use one of the two design methods mentioned above but may not use a mixture of both design 

methods in one project. 

2 Reference documents 

The following referenced documents are essential for the application of this standard. For 

referenced documents stating the year of publication, the version stated applies. For referenced 

documents without publication year, the latest version applies, including amendments and 

supplements (if any): 

QCVN 02:2022/BXD Quy chuӼn k׃ thuԀt quc֝ gia vԚ S֝ li֓u ĽiԚu kin֓ t ֽnhi°n d½ng trong x©y 

dֽng; 

TCVN 4195:2012, ņӸt x©y dnֽg - phҼҺng ph§p x§c Ľn֗h khi֝ lҼn֯g ri°ng trong ph¸ng th² nghim֓; 

TCVN 4196:2012, ņӸt x©y dnֽg - PhҼҺng ph§p x§c Ľn֗h Ľ ֥Ӽm v¨ Ľ ֥h¼t Ӽm trong ph¸ng th² 

nghim֓; 

TCVN 4197:2012, ņӸt x©y dnֽg - PhҼҺng ph§p x§c Ľn֗h gii֧ hӴn dԎo v¨ gii֧ hӴn chӶy trong 

ph¸ng th² nghim֓; 

TCVN 4199:2012, ņӸt x©y dnֽg - PhҼҺng ph§p x§c Ľn֗h scֵ chn֝g cԂt trong ph¸ng th² nghim֓ 

 ֫m§y cԂt phԆng; 

TCVN 4200:2012, ņӸt x©y dnֽg - PhҼҺng ph§p x§c Ľn֗h t²nh n®n l¼n trong ph¸ng th² nghim֓; 

TCVN 4202:2012, ņӸt x©y dnֽg - C§c phҼҺng ph§p x§c Ľn֗h khi֝ lҼn֯g thԜ t²ch trong ph¸ng th² 

nghim֓; 

TCVN 5747:1993, ņӸt x©y dnֽg - Ph©n loӴi; 

TCVN 8421: 2010, C¹ng Tr³nh thu ׁl֯i - TӶi trn֙g v¨ lcֽ t§c dnֱg l°n c¹ng tr³nh do s·ng v¨ t¨u; 

TCVN 8721:2012, ņӸt x©y dnֽg c¹ng tr³nh thyֳ li֯ - PhҼҺng ph§p x§c Ľn֗h khi֝ lҼҺng thԜ t²ch 

kh¹ ln֧ nhӸt v¨ nh ֛nhӸt caֳ ĽӸt ri֩ trong ph¸ng th² nghim֓; 

TCVN 8723:2012, ņӸt x©y dnֽg c¹ng tr³nh thyֳ li֯ - PhҼҺng ph§p x§c Ľn֗h h ֓s֝ thӸm cֳa ĽӸt 

trong ph¸ng th² nghim֓; 
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TCVN 8729:2012, ņӸt x©y dnֽg c¹ng tr³nh thyֳ li֯ - PhҼҺng ph§p x§c Ľn֗h khi֝ lҼn֯g thԜ t²ch 

cֳa ĽӸt; 

TCVN 8868:2011, Th² nghim֓ x§c Ľn֗h scֵ kh§ng cԂt kh¹ng c ֝kԒt - kh¹ng tho§t nҼc֧ v¨ c ֝kԒt 

tho§t nҼc֧ cֳa ĽӸt d²nh tr°n thiԒt b ֗n®n ba trcֱ; 

TCVN 9153:2012, C¹ng tr³nh thyֳ li֯ - PhҼҺng ph§p chn֕h lĨ kԒt quӶ th² nghim֓ mӾu ĽӸt; 

TCVN 9350:2012, ņӸt x©y dnֽg - PhҼҺng ph§p ph·ng xӴ x§c Ľn֗h Ľ ֥Ӽm v¨ Ľ ֥chԊt caֳ ĽӸt tӴi 

hi֓n trҼn֩g; 

TCVN 9351:2012, ņӸt x©y dnֽg - PhҼҺng ph§p th² nghim֓ hin֓ trҼn֩g - Th² nghim֓ xuy°n ti°u 

chuӼn (SPT); 

TCVN 9437:2012, Khoan thŁm d¸ Ľa֗ chӸt c¹ng tr³nh; 

TCVN 9846:2013, Quy tr³nh th² nghim֓ xuy°n tǫnh c· Ľo §p lcֽ nҼc֧ l ֣r֣ng CPTu; 

TCVN 9901:2014, C¹ng tr³nh thyֳ li֯ - Y°u cӺu thiԒt kԒ Ľ° biԜn; 

TCVN 11419:2016, Lun֟g t¨u biԜn - Y°u cӺu thiԒt kԒ; 

TCVN 9386-1:2012, ThiԒt kԒ c¹ng tr³nh chu֗ Ľ֥ng ĽӸt;  

TCVN 11820-1: 2025, C¹ng tr³nh CӶng biԜn - Y°u cӺu thiԒt kԒ - PhӺn 1: Nguy°n tԂc chung (Draft); 

OCDI 2002 & 2009, Technical Standards and Commentaries for Port and Habour Facilities in 

Japan (Ti°u chuӼn k׃ thuԀt c¹ng tr³nh cӶng v¨ bԜ cӶng NhԀt BӶn); 

OCDI 2020, Technical Standards and Commentaries for Port and Habour Facilities in Japan (Ti°u 

chuӼn k׃ thuԀt c¹ng tr³nh cӶng v¨ bԜ cӶng NhԀt BӶn); 

BS 6349-1-2: 2016, Maritime Work - Part 1-2: General - Code of practice for assessment of 

actions (C¹ng tr³nh h¨ng hӶi - PhӺn 1-2: Kh§i qu§t -Ti°u chuӼn Ľ§nh gi§ c§c t§c Ľn֥g); 

ASTM D5311, PhҼҺng ph§p th ֹti°u chuӼn x§c Ľn֗h scֵ kh§ng cԂt c ֝kԒt kh¹ng tho§t nҼc֧ cֳa 

ĽӸt vi֧ tӶi trn֙g lԊp theo chu kȢ; 

PIANC : MarCom Working Group Report NÁ 212 ï 2023 : Criteria for Acceptable movement of 

ships at berths (B§o c§o No 212 ï 2023 caֳ Nh·m l¨m vic֓ MarCom : Ti°u ch² vԚ chuyԜn d֗ch 

cho ph®p caֳ t¨u tӴi bԒn) 

3 Terms, definitions, symbols and abbreviations 

3.1 Terms and definitions 

This standard uses the terms and definitions given in TCVN 11820-1:2025 (including for both 

Design according to component factors and Design according to resistance factors and load 

factors) and other methods. following terms and definitions: 

3.1.1 

Effect of action - E (Effect of action) 

Effects of impacts on structural parts (e.g. internal forces, moments, stresses, deformations) or 

on the entire structure (e.g. deformations, rotations). 

3.1.2 



ΝΜ 
 

Scatter diagram 

The graph shows the joint probability of two or more parameters (oceanographic meteorology). 

NOTE: Often used with wave parameters to express the probability of simultaneous occurrence of a significant wave 

height (H1/3) and representative period (Tz or Tp). 

3.1.3 

Limit state 

The state corresponding to the conditions beyond which the building or construction part does not 

satisfy the regulations based on the design. 

3.1.4 

Ultimate limit state (ULS) 

Conditions associated with sliding failure or other similar forms of structural failure. 

NOTE: In general, they correspond to the maximum load-bearing capacity of the building or construction part. 

3.1.5 

Serviceability limit state (SLS) 

The state corresponding to the conditions beyond which the building or construction part does not 

satisfy the specified use requirements.  

3.1.6 

Irreversible serviceability limit states 

A service limit state in which some of the consequences of loads exceeding specified service 

requirements will persist when the loads have been removed. 

3.1.7 

Reversible serviceability limit states 

A service limit state with no consequences for loads exceeding the specified service requirements 

shall remain when the loads have been removed. 

3.1.8 

Design stage operating limit (DSOL) 

Establish and develop environmental operating limits during the planning and design stages 

according to the design purposes for berths, channels, turning areas and other similar facilities, 

to carry out calculations weather-related downtime during the design phase. 

3.1.9 
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Wave height 

Height is calculated from the bottom of the previous wave to the crest of the wave. 

3.1.10 

Significant wave height ï H1/3 (Significant wave height) 

The average height of the maximum 1/3 of the waves passing through zero in a sea state. 

NOTE: In most measurement systems, the effective wave height is calculated according to , where mo is the zero point 

spectral moment, or 4ů, ů is the standard deviation of the above water surface elevation times measurement period, 

usually about 30 min. 

3.1.11 

Wave length 

The distance between consecutive wave peaks. 

3.1.12 

Nautical depth 

The instantaneous and local vertical distance between the marine bottom and the undisturbed 

free water surface. 

3.1.13 

Wave period 

The time it takes for two consecutive wave peaks to pass through a fixed point. 

3.1.14 

Spectral peak wave period 

Period of maximum (peak) energy density in spectral form. 

NOTE: In practice, when there is more than one peak in the spectrum, the highest peak is taken. 

3.1.15 Currents 

3.1.15.1 

Total current 

Observed aggregate currents include the components of tides, waves, winds, or other influences 

that cause currents to occur in the area. 

3.1.15.2 

Residual current 



ΝΞ 
 

Portion of the total flow that is not made up of the regulating components of the tide. 

3.1.15.3 

Tidal current 

The part of the total flow that is affected by tidal forces (tidal current). 

3.1.16 

Nautical bottom 

The level at which the physical characteristics of the bottom of the navigational channel or the 

ship's control area reach a limit that, when in contact with the ship's keel, causes unsafe effects 

on the ability to control or steer the ship. 

3.1.17 

Normal operating conditions 

Conditions for the design case when the structure under consideration is in operational use for 

docking ships, ships leaving the wharf or in mooring conditions consistent with the design phase 

exploitation limits for the project. 

3.1.18 

Extreme operating conditions 

Design case conditions when the structure is subjected to extreme environmental conditions 

exceeding the design phase operating limit (DSOL), whether or not used for ships docking, 

departing or anchoring. 

NOTE: Extreme operating conditions can include extreme environmental conditions with different return periods. For 

long-term structures there can often be return periods of 50 to 100 years as standard design cases and 500 to 1000 

years as accident case designs. 

3.1.19 

Extra Dip (Squat) 

The constant additional sink of a moving ship includes translation and rotation due to the flow of 

water past the moving ship's hull. 

3.1.20 

Planning phase 

The period of time when functional and operational requirements have been identified sufficiently 

for design to begin, existing data sources and understanding have been researched and a 

feasibility study can begin. 
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3.1.21 

Nominal value 

The value is determined on a non-statistical basis, for example on accumulated experience or on 

physical conditions. 

3.1.22 

Characteristic value of a load - Fk (Characteristic value of an action) 

Primary representative value of a load. 

NOTE: Currently a characteristic value can be determined on a statistical basis, chosen so as to correspond to a 

described probability of not exceeding the unfavorable side in a ñreference periodò taking into account the design life 

of the structure and the duration of the design case. 

3.1.23 

Reference period 

The selected time period that is used as the basis for evaluating statistical temporary loads and 

the probability of incident loads. 

3.1.24 

Frep (Representative value of an action) 

Value used to test a limit state. The representative value can be the characteristic value Fk or the 

associated load value ɊFk. 

3.1.25 

Design value of an action - Fd (Design value of an action) 

The value obtained is equal to the product of the representative value with the component 

coefficient Ẳf. 

3.1.26 

Value of a long-term temporary load - Ɋ2Qk (Quasi-permanent value of a variable action) 

Value is determined so that its total time period will be a majority of the reference period. It can 

be expressed as a specified fraction of the characteristic value using the coefficient Ɋ2Ò1. 

3.1.27 

Gusts of wind (Gust) 

Wind speed increases or decreases rapidly, maintained for less than 1 min. 

3.1.28 
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Squall 

Thunderstorms are characterized by sudden attacks. 

NOTE: Thunderstorm duration is usually measured in minutes rather than hours and is often accompanied by a change 

in wind direction, a sudden drop in air temperature and heavy rain. To be classified as a thunderstorm, the wind speed 

must be greater than about 13 km/h and sustained for longer than 2 minutes (as distinct from gusts). 

3.1.29 

Environmental operating limits 

Limit values for marine weather or other environmental parameters, including wind, waves, swell, 

current speed, tide level, visibility and temperature, which, if exceeded, do not permit operations. 

certain exploitation, which should be specified in the construction's exploitation manual. 

3.1.30 

Shoaling effect 

Wave variation is caused by a change in depth alone as they enter shallower water. 

NOTE: The shallow water effect occurs because wave speed and wave length decrease in shallow water, so the energy 

per unit wave area increases, causing an increase in wave height. The wave period remains the same in shallow water. 

Other shallow water wave modification effects such as refraction appear separately from shallow water. 

3.1.31 

Operation and maintenance 

Daily use of completed seaport facilities includes periodic and unscheduled inspections, 

maintenance and repairs. 

3.1.32 

Mean sea level 

The average of all sea levels measured one hour apart over an entire astronomical tidal cycle of 

18.6 years. 

NOTE: Seasonal and intraannual changes in mean sea level can be expected in some regions, and over many years 

mean sea level may vary. 

3.1.33 

Mean low water spring (MLWS) 

Average, over a long period of time, of the height of two consecutive low tides during low tide. 

3.1.34 

Still water level 
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The surface water level does not change, in theory, when there is no influence from waves and 

wind. 

NOTE 1: Still water level is often used to calculate wave kinematics for general impact and wave crest elevation for 

minimum wharf surface elevations. 

NOTE 2: Static water level is an abstract concept, for engineering purposes, calculated by adding the effects of tides, 

storm surges and errors due to water level changes future sea level but does not consider wave-induced changes in 

mean sea level. 

3.1.35 

Diffraction 

The bending, dispersion and interference of waves when passing through an obstacle (such as a 

breakwater) or through an opening (such as a harbor entrance). 

3.1.36 

Extreme high water 

The highest water level predicted to occur at a location as a combination of astronomical tides, 

high and low tides, low tides and river flows for an extreme event whose return period has been 

established. define. 

3.1.37 

Storm surge 

Change in sea level (increase or decrease) that is due to meteorological forces (other than tides). 

NOTE 1: Water surges can occur on open shores, on bays and on estuaries due to the impact of wind pressing on the 

water surface, a decrease in atmospheric pressure, low tides caused by storms, and the formation of storm surges. 

waves and other causes. 

NOTE 2 The term ñsurgeò is also used in another sense to describe the longitudinal motion of a ship at anchor. 

3.1.38 

Extreme low water 

The lowest water level predicted to occur at a location, which is a combination of astronomical 

tides, rising or falling water levels, low tides and river flow for an extreme phenomenon with a 

known return period. define. 

3.1.39 

Wave spectrum 

Measurement of the total energy associated with variations in sea surface elevation over the unit 

frequency band and over the area in unit direction. 
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NOTE 1: The wave frequency spectrum (integral over all directions) is often described using some form of parameter 

such as the Pierson-Moskowitz or JONSWAP wave spectrum. 

NOTE 2: The area under the wave spectrum is the spectral moment about zero mo, which is a measure of the total 

energy in the sea state and is used to calculate the effective wave height. 

3.1.40 

Soliton (Soliton) 

Gravity waves oscillating inside a fluid mass propagate on the surface between two fluids of 

different densities. 

NOTE 1: Typically under offshore conditions in the deep ocean, they propagate along the thermal transition layer and 

are controlled by tidal forces interacting with depth characteristics. 

NOTE 2 to entry: Solitons are commonly known as ñinternal wavesò. 

3.1.41 

Refraction wave 

The bending of the direction of wave propagation is due to the change in water depth below the 

waves. 

NOTE: The part of the wave in shallow water moves slower than the part of the wave in deeper water, then the depth 

below the wave crest changes along the crest, the wave is bent. 

3.1.42 

Swell 

A state of the sea in which waves are formed by wind moving from a distant place, rather than 

forming locally. 

NOTE: When ranking wave types from a spectrum or from measurements, the energy in the period range from 8 s to 

25 s can be described as a wave. The energy at periods longer than 25 s can be described as surface gravity wave 

energy. 

3.1.43 

Reflection wave 

This occurs when waves encounter an obstacle, such as a seawall or breakwater. 

NOTE: Waves also reflect when leaving beaches and at sudden changes in depth. 

3.1.44 

Tsunami 

Long-period ocean waves are caused by rapid vertical movements of the seabed due to 

earthquakes, or by seabed or coastal landslides. 
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3.1.45 

Infragravity wave 

Long period waves are waves that accompany large wave groups over long distances, or 

propagate freely independently after interacting with shallow shorelines. 

NOTE Wave energy in the period range 25 s to 500 s can generally be classified as surface gravity wave energy. 

Waves with periods longer than 500 s are likely to accompany tsunamis and tidal waves. 

3.1.46 

Payload - F (Action) 

a) A set of forces (loads) placed on the structure (direct actions); 

b) A set of deformations or accelerations caused by, for example, temperature changes, humidity 

fluctuations, subsidence or earthquakes (indirect actions). 

3.1.47 

Permanent load - G (Permanent action) 

load that can be applied throughout a given reference period and that can ignore changes in 

amplitude over time, or only always change in one direction (monotonically) until the load is 

reached up to a certain limit value. 

3.1.48 

Temporary load - Q (Variable action) 

Loads whose amplitude changes over time cannot be ignored, or can vary in both directions. 

3.1.49 

Accidental action - A (Accidental action) 

A load that is typically short in duration but large in amplitude that may not occur for a given 

structure within its design life. 

NOTE 1 An incident load can be expected in many cases to cause serious consequences unless appropriate measures 

are taken. 

NOTE 2 Impact, wind and earthquake loads can be temporary or incidental loads, depending on the information 

available about the statistical distributions. 

3.1.50 

Seismic action - AE(Seismic action) 

Loads arise due to ground movement during an earthquake. 
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3.1.51 

Geotechnical load (Geo actiontechnical) 

Loads transmitted to the structure by soil, backfill or groundwater. 

3.1.52 

Concept design 

Basic design is the design established in the Construction Investment Feasibility Study Report on 

the basis of the selected design plan, showing the main technical parameters in accordance with 

standards and technical regulations. The applied technique is the basis for implementing the next 

design steps. 

3.1.53 

Detailed design 

Technical design is the design that concretizes the basic design after the construction investment 

project is approved to fully demonstrate the solutions, technical specifications and materials used 

in accordance with standards. , applied technical regulations are the basis for implementing 

construction drawing design. 

3.1.54 

Mean wind speed 

Average wind speed over time, averaged over a specified period of time and at a specified 

altitude. 

NOTE: Average wind speed varies with elevation above mean sea level and with the averaging period; The standard 

reference elevation is 10 m and the standard time interval is 1 h. 

3.1.55 

Metocean parameters 

Meteorological and oceanographic design and operational parameters including wind, rain, 

atmospheric conditions, solar radiation, water level, waves, currents, water quality and physical 

and chemical characteristics and marine life. 

3.1.56 

Weather downtime 

period during which a terminal is unable to accommodate berthing, anchoring and cargo 

operations due to unfavorable weather conditions, sea state, tidal currents or visibility beyond 

established operating limits define. 
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3.1.57 Tides 

3.1.57.1 

Astronomical tide 

The phenomenon of the sea surface alternately rising and falling is governed solely by 

astronomical conditions of the sun and moon, predicted according to tidal components, 

determined by harmonic analysis of tide level measurements. tides over a long period. 

3.1.57.2 

Lowest astronomical tide (LAT) 

The tidal level is low when all the regulating components that cause the tide are in the same 

phase. 

NOTE: Single-phase harmonic components occur approximately every 18.6 years, but LAT equivalent levels are 

reached several times per year at most locations. The LAT does not represent the lowest sea level that can be reached, 

as receding waters and tsunamis can cause lower levels. LAT is often the level chosen as chart "0" to measure nautical 

maps. 

3.1.57.3 

Spring tides 

Twice in a lunar month within the average range of two consecutive tides is the largest. 

3.1.57.4 

Neap tides 

Twice in a lunar month within the average range of two consecutive tides is the smallest. 

3.1.58 

Sea state 

Sea conditions over a period in which its statistics remain virtually constant. 

NOTE: In a statistical sense, the sea state does not change significantly during that period. The period during which 

this condition exists is usually assumed to be 3 h, although it depends on the particular weather condition at any given 

time. 

3.1.59 

Seiche (Seiche) 

The fluctuation of the water mass with its natural cycle. 

NOTE: False tides often take the form of standing waves or oscillations of the free surface. These oscillations can have 

periods ranging from a few minutes in harbors and bays to over 10 hours in large lakes. 
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3.1.60 

Design criteria 

Quantitative formulas describe the conditions that must satisfy each limit state. 

3.1.61 

Design situation 

The set of actual conditions occurring over a given period of time for which the design will show 

that the relevant limit states are not exceeded. 

3.1.62 

Transient design situation 

In case the design cycle is much shorter than the design life of the project and has a high 

probability of occurring. 

NOTE: The short-term design case refers to the temporary conditions of the building, in use, or exposed, for example 

during construction or repairs. 

3.1.63 

Persistent design situation 

In case the design has a required cycle that is the same as the design life of the project. 

NOTE In general, reference is made to standard conditions of use. 

3.1.64 

Accidental design situation 

Design cases include unusual building conditions (or exposures), including fire, explosion, impact 

or local damage. 

3.1.65 

Fire design 

Design the structure to achieve the required performance in the event of a fire. 

3.1.66 

Seismic design situation 

The design case includes unusual conditions of the building when an earthquake occurs. 

3.1.67 

Serviceability criterion 
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Design criteria for a service limit state. 

3.1.68 

Tropical cyclone 

The oceanic or atmospheric circulation closes around a low pressure area that initially forms over 

the tropical oceans. 

NOTE 1: The circulation is counterclockwise in the northern hemisphere and clockwise in the southern hemisphere. In 

fact, a tropical cyclone can become one of the strongest storms in the world, with wind speeds exceeding 145 km/h 

and accompanied by heavy rain. 

NOTE 2 Tropical cyclones generally refer to storms in the Gulf of Mexico and the North Atlantic, tropical cyclones in the 

South China Sea and Northwest Pacific, and cyclones in the South Pacific and South Indian Ocean . 

3.2 Symbols and abbreviations 

3.2.1 Symbols 

A Incident load 

Ad Design failure load value 

AEd Design earthquake load value 

AT Projected area of the front of the ship above the water surface (m2) 

AL Projected area of the side of the ship above the water surface (m2) 

B Width of ship (m) 

Cb Mass coefficient of the ship 

Cm Hydrodynamic mass coefficient of the ship 

Ce Coefficient of eccentricity of the ship 

Cs Ship's softness coefficient 

Cc Berth shape coefficient 

Cx Wind resistance coefficient in X direction (ship bow direction) 

Cy Wind resistance coefficient in Y direction (side of ship) 

CM Wind pressure moment coefficient around the midsection of the ship 

D Vessel's full load draft (m) 

Ef Docking energy (kNm) 

F Load 

Fd Design value of load 

Fk Typical value of the load 

Frep Representative value of a load 

Fr Froude Number 
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G Regular load 

Gd Design value of permanent load 

Gd,sup High design value of permanent load 

Gd,inf Low design value of permanent load 

Gk Typical value of permanent load 

Gk,j Typical value of permanent load j 

Gk,j,sup High characteristic value of permanent load j 

Gk,j,inf Low characteristic value of permanent load j 

L Distance from the point where the vessel touches the mooring structure to the center of gravity 

of that vessel along the surface line of the mooring structure (m) 

Speaker Total train length (m) 

Lpp Ship length between two perpendicular lines (m) 

Ms Mass of ship (T) 

Mw Volume of water around the ship (mass of entrained water) (T) 

P Load due to prestress 

Q Temporary load 

Qd Design value of temporary load 

Qk Typical value of a temporary load 

Qk,1 Typical value of the 1st temporary load 

Qk,i Typical value of the temporary load associated with i 

S Submerged surface area of the ship (m2) 

R Radius of rotation around the vertical axis passing through the ship's center of gravity (m) 

Rx Wind force component in X direction (kN) 

Ry Wind force component in Y direction (kN) 

Rf Flow pressure (kN) 

RM Wind moment around ship amidships (kNm) 

U Wind speed (m/s) 

U10 Average wind speed at standard height of 10 m (m/s) 

Vb Docking speed (m/s) 

 Displacement volume of the ship (m3) 

 Air density, can be taken as =1.23.10-3 (t/m3) 

ɔ Component coefficient 

ɔG Component coefficient of permanent loads 

ɔQ Component coefficient of temporary loads 
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Ὓp Component coefficient of loads due to prestress 

ὛG,sup Coefficient of adverse effects of permanent loads 

ὛG,inf Favorable influence component coefficient of permanent loads 

Ɋ0 Combined value coefficient of temporary load 

Ɋ1 Short-term value coefficient of temporary load 

Ɋ2 Long-term value coefficient of temporary load 

3.2.2 Abbreviations 

 

4 General principles 

4.1 General 

To design a seaport project, it is necessary to establish appropriate impacts and material durability 

requirements to make the design conditions comply with the working requirements of the project 

and the current status of the location where the project is located. submit. 

Conditions include wind, tides, waves, tsunamis, ocean water movement, estuarine hydraulics, 

coastal currents, soil conditions, water and soil pressure, ground subsidence, surface movement 

soil, soil liquefaction, main dimensions of design vessel, environmental impact, self-weight, 

loading... 

Establishing design conditions (loads and impacts) greatly affects the features, economic 

efficiency, etc. of the project, so it needs to be done carefully. 
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The general design conditions should be established based on the results of appropriate 

preliminary surveys and experiments. It is essential to clearly understand the methods and results 

of such surveys and experiments. 

5. Design method according to the method of component coefficients 

5.1 Load classification 

Loads are classified according to fluctuations over time as follows: 

- Permanent loads (G), such as self-weight (steel, concrete, soil and other materials), 

geotechnical loads, groundwater, loads due to prestress in concrete structures as well as in soil 

and non-direct loads caused by uneven settlement, shrinkage...; 

- Temporary load (Q), such as load due to road traffic, due to port equipment such as mobile 

cranes in exploitation or construction, due to ship anchoring, due to cargo, due to wind , due to 

waves, currents and fluctuations in groundwater and late tides... 

- Incident loads (A) such as explosions or collisions of ships and vehicles,... 

NOTE: Loads that are not directly due to deformation can be permanent or temporary. 

5.2 Characteristic value of load 

The characteristic value Fk of a load is its main representative value and is specified as: 

- An average value, a higher or lower value, or a nominal value (not a statistical distribution); 

- In design documents. 

The characteristic value of a permanent load should be evaluated as follows: 

- If the variation of G can be considered very small, a value of Gk can be used; 

- If the variation of G cannot be considered small, two values can be used: a higher value of Gk,sup 

and a lower value of Gk,inf. 

Variation of G can be ignored if G does not change significantly over the design life of the structure 

and its coefficient of variation is very small. Gk is then taken as the average value. 

NOTE 1: This variation coefficient can range from 0.05 to 0.10 depending on the type of structure. 

In cases where the structure is very sensitive to fluctuations in G (e.g. some types of prestressed 

concrete structures), it is necessary to use two values even if the coefficient of variation is very 

small. Then Gk,inf is taken at the 5% percentile point and Gk,sup is taken at the 95% percentile point 

of the Gaussian statistical distribution. 

The load due to prestress (P) should be classified as a permanent load caused by either controlled 

forces and/or controlled deformations acting on the structure. These types of stresses need to be 

distinguished from each other (for example, pre-stress by bars or pre-stress by applying 

deformation through supports). 

NOTE 2: The characteristic values of prestress, at time t, can be a higher value Pk,sup(t) and a lower value Pk,inf(t). For 

extreme limit states an average value Pm(t) can be used. 

For temporary loads, the characteristic value Qk corresponds to or: 

- A higher value has an expected probability of not being exceeded or a lower value has an 

expected probability of being maintained, within a specified reference period. Or: 

- A nominal value that can be specified in cases where the statistical distribution is not known. 



ΞΡ 
 

For incident loads, the design value Ad needs to be specified for each project. 

For earthquake loads, the design value AEd needs to be evaluated from the characteristic value 

AEk or specified for each project. 

5.3 Other values of temporary load 

Other representative values of temporary load are as follows: 

- The combined value is expressed by the product Ɋ0Qk, used to check the ultimate limit states 

and irreversible use limit states; 

- The short-term temporary load value is expressed by the product Ɋ1Qk, used to check the 

ultimate limit states including incident loads and to check the recoverable service limit states . 

- The long-term temporary load value is expressed by the product Ɋ2Qk, used to check the 

ultimate limit states including incident loads and to check the recoverable service limit states . 

Long-term temporary load values are also used to calculate long-term effects 

In there: 

Ɋ0: combined value coefficient of temporary load; 

Ɋ1: short-term value coefficient of temporary load; 

Ɋ2: long-term value coefficient of temporary load. 

NOTE: The long-term temporary load value can also be determined by the average value of a selected period of time. 

5.4 Material and product characteristics 

Characteristics of materials (including soil and rock) or products that need to be expressed in 

terms of characteristic values. When testing limit states that are sensitive to variations in material 

properties, it is necessary to consider these values. higher and lower characteristic values of 

material properties. 

When low values of material and product properties are unfavorable, the characteristic value 

should be defined as the value at the 5 % percentile point. 

When high values of material and product properties are unfavorable, the characteristic value 

should be defined as the value at the 95 % percentile point. 

Material property values must be determined according to standard tests performed under 

specified conditions. A conversion factor shall be applied when necessary to convert test results 

into values that can be assumed to represent the behavior of materials and products in structures 

or soils. 

When adequate statistical data are not available to establish the characteristic values of material 

or product properties, the nominal values can be taken as characteristic values or the values can 

be established directly. design of that feature. When higher or lower design values of material or 

product properties are to be established directly (e.g. friction coefficients, damping ratios), they 

should be chosen so that they are more Unfavorable values may affect the probability of 

occurrence of the limit state under consideration to a similar extent to other design values. 

When it is necessary to calculate higher strengths (for example, to evaluate the design load-

bearing capacity and for the tensile strength of concrete to calculate the effects of non-direct 

loads), a specific value should be considered. show higher. 

Reduction in material or product strength should be considered as a result of the effects of 

repeated loading and possible reduction in resistance over time due to fatigue. 
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Structural stiffness parameters (eg elastic moduli, residual deformation coefficients) and thermal 

expansion coefficients need to be averaged values. Different values should be used to take into 

account the duration of the load. 

NOTE: In some cases, a higher or lower value than the average value of the elastic modulus may be considered (e.g. 

in the case of buckling). 

Where a composition factor is required for materials and products, an approximate value shall be 

used unless suitable statistical information is available to assess the reliability of the value chosen. 

5.5 Partial Factors and combination formula 

Load combinations should include permanent loads and temporary loads. Internal loads such as 

prestress should be considered where appropriate. 

Partial Factors and load combinations should be based on the recommendations given in this 

standard. In particular, the following should be mentioned: 

a) Wave loads should be considered as temporary loads; 

b) Load due to flow should be considered as temporary load; 

c) Loads associated with ship operations (loads due to docking, mooring, ship propeller propulsion 

and ship boarding frames) should be considered as temporary loads; 

d) Load due to ship collision incident should be considered as temporary load; 

e) Loads associated with port operations (of port vehicles, cranes and goods) should be 

considered temporary loads; 

NOTE 1: The self-weight of fixed or mobile cranes can be considered as a permanent load, and as temporary loads for 

cranes when considered as cargo load or loads due to the environment. 

f) Combinations when wind loads on structures, buildings, bridges, walkways or cranes and wave 

loads on seaport structures appear simultaneously in one design case should be assumed as 

temporary loads. 

g) Partial factors for permanent loads and independent temporary loads are taken from Table 1. 

NOTE 2: If the combination includes permanent loads and temporary loads, the partial factor given in Table 1 take only 

the necessary factor for the design loads that have been used to check . 

If the combination includes permanent loads and more than one temporary load, one of the 

temporary loads should be specified as the main temporary load and the other temporary loads 

should be assumed as the main temporary loads accompanying load. The permanent loads and 

main temporary loads need to be multiplied by the partial factors given in Table 1, but the 

associated temporary loads need to be multiplied by the factors ɣ, which are the factors that give 

the composite value. case ɣo, permanent value ɣ1 or pseudo-permanent value ɣ2 of temporary 

loads. 

NOTE 3: They represent reduced probabilities that the maximum effects occur simultaneously when considered 

together with more than one statistically independent temporary load. When impacts arise from the same cause, they 

can be treated simultaneously as a primary or secondary temporary load as appropriate. 

Where appropriate, the design should evaluate different design cases by taking different 

temporary loads as the main temporary loads until the combination that causes the most adverse 

structural response is determined. . 

NOTE 4: This means that another temporary load has been reduced by the factor ɣ in each different design case. 

The formulas given in Table 3 should be used to determine how to apply the partial factors and ɣ 

factors to combinations of permanent loads, prestressed loads and temporary loads. 
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Table 1 ï Partial Factors of the load 

 

 

 

 

 

 

 

 

 



ΞΥ 
 

 



ΞΦ 
 

Table 1 ï Partial Factors of the load (continuous) 

 

Table 2 ï Partial factors of ship anchor loads 
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Table 3 - Load combination formulas 

 

 

 

5.6 Assessment of load 

Load values should be taken according to Article 5.5. 

Cases and design combinations should be selected according to the recommendations given in 

clause 5.7. In each specific case, other critical loads that may occur must be considered. 
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5.7 Design cases and load combinations 

5.7.1 Design cases 

1) Stable design cases 

The cases where the design is stable are in the standard use case. 

The standard service conditions for a seaport facility are suitable for evaluating loads and load 

combinations in a stable design case that should include both standard and extreme operating 

conditions. treat. 

Standard operating conditions are conditions for the design case when the structure is considered 

when used to berth ships, leave ships or in mooring conditions in accordance with the design 

phase operating limitations. 

 

Operational limitations in the design phase are a preliminary assessment of operational limitations 

according to environmental conditions that have been established and developed during the 

design and planning stages according to the purpose of designing wharf facilities, navigation 

channels, turning areas and other similar structures and to calculate during the design phase the 

outage time. 

Extreme operating conditions are conditions for design cases where a terminal facility is subjected 

to extreme environmental conditions that exceed the design phase operating limitations with or 

without vessels used for berthing. , leaving port or anchoring. 

NOTE 1: Extreme operating conditions can include extreme environmental conditions with different return periods. 

Usually for durable structures, phenomena with a return period of 50 to 100 years are considered stable design cases, 

and phenomena with a return period of 500 to 1000 years are considered stable design cases. accident design. 

NOTE 2: Examples of stable operations are: 

a) Environmental loads have a recurring period corresponding to the design life of the project (but in general not less 

than 50 years); 

b) Water levels have recurring periods corresponding to the design life of the project; 

c) Dredging beyond the seabed is within the prescribed tolerances; 

d) The seabed becomes deeper due to erosion; 

e) Increase in hydrostatic pressure head due to draining a water area for planned inspection at intervals not exceeding 

1 year; 

f) Amplitude of tidal water levels for operations that occurs in combination with loads due to port operations; 

g) Anticipated changes to structures, land structures, landfill surfaces, warehouse arrangements, loading and unloading 

equipment or dredging depth; 

h) Combination of environmental conditions and port operations when operations are limited to certain pre-defined 

environmental conditions. An example is where a vessel cannot berth under the conditions of clause a) above and 

operations are therefore restricted to lower wind speeds. In such cases, the operating loads do not occur simultaneously 

with the wind speeds with a recurrence period corresponding to the design life as in clause a) above. 

i) Loads occurring due to berthing operations result in design characteristic berthing energies. 

j) Container load when using different factors to stack containers one row higher; 

k) Load due to traffic use in standard ports; 

l) Wind and wave load combinations when or: 

- Wind is the extreme wind load including intensification due to gusts as defined in Article 5.8 and the wave load is from 

the significant wave height other than the maximum; nice 
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- Wave is the wave load from the extreme maximum wave height and wind is the extreme wind load but without 

enhanced wind gusts. Clause a) above includes a list of stable design cases where the methods for defining wind loads 

in Clause 5.8 and wave and current loads in Clause 5.10 are based on extreme case analysis. The selected component 

values and coefficients are appropriate for that case. 

2) Temporary design cases 

Temporary design cases are temporary conditions that can be applied to a building, for example during construction or 

repairs. 

NOTE Examples of temporary design cases are: 

a) Increased hydrostatic pressure due to draining a water area for periodic external inspection; 

b) Temporary loads during construction. 

3) Accident design cases 

Accident design cases are special conditions that can be applied to a structure or subject to its 

environmental conditions, for example fire, explosion, collision or the consequences of local 

damage. 

Accident design cases for seaport facilities need to include emergency operating conditions. 

Accident operation conditions are conditions for the design case when the structure is considered 

to be operated when docking, leaving the port or under mooring conditions in accordance with 

the exploitation restrictions for the structure but the conditions Special events occur due to 

differences in construction operation procedures or equipment damage. 

It is necessary to establish the circumstances under which the accident design is likely to be 

reasonable and the environmental conditions are suitable by assessing the risk for the specific 

operations proposed and the prevailing environmental conditions. 

NOTE 1: Fault design cases are: 

Increase in hydrostatic head due to draining a water body caused by an accidental damage to the separation gates; 

a) Loads arising from uncontrolled docking ships; 

b) Load combinations from extreme winds are enhanced by wind gusts and extreme maximum wave heights. 

NOTE 2: For some structures, it is necessary to consider the influence of operating loads or extreme environments to 

achieve a high probability of not being damaged and losing symmetry. In such cases it may be necessary to consider 

the environmental loads of events with return periods of 500 to 1000 years as in accident design cases. A plausible 

ship collision scenario can also be considered as an accident design case. 

4) Where the design includes water pressure 

It is necessary to evaluate variations in water pressures and their associated water levels due to 

tides and meteorological conditions. When designing underground retaining walls, gravity 

retaining walls or revetment slopes in wharf walls or piers on pile foundations, the fixed and 

variable components of water pressure need to apply component coefficients. Fit. In addition, it 

is necessary to pay attention to whether the ingredients have the same origin and whether the 

appropriate composition coefficient has been applied. 

NOTE: In general, the lag tidal component represents the fluctuating part of the load, the remaining component is the 

fixed part. 

5) In case of design during construction 

It is necessary to consider relevant design cases during construction. 

When a marine structure is put into use in stages, related design cases need to be considered. 

Where relevant, specific construction loads should be applied concurrently with appropriate 

environmental and operational loads. 
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NOTE: When construction loads do not occur simultaneously due to implementation of control measures, there is no 

need to consider them in the relevant load combination. 

Where appropriate, consideration should be given to the various parameters controlling the water 

and wave action and the thermal action components when determining combinations of 

construction loads. 

6) In case the design includes prestress in concrete structures 

It is necessary to refer to the corresponding prestressed concrete structure design standards. 

7) Where the design includes uneven settlement 

It is necessary to consider the influence of uneven settlement if it is considered large due to the 

influence of direct impacts. 

NOTE 1: Specific projects may specify limits on total settlement and differential settlement. 

Settlement on structures due to soil subsidence should be classified as a permanent effect Gset 

and considered in load combinations when checking according to the ultimate and operational 

states of the structure. Gset should be expressed in a set of values corresponding to the differences 

(relative to the reference elevation) of settlement between individual foundations or parts of 

foundations or, dset,i (where i is the number of a particular foundation or that foundation part). 

NOTE 2: Subsidence is mainly caused by permanent loads and backfill soil. Transformational impacts can be 

considered in several separate projects. 

NOTE 3: Settlement fluctuates monotonically (in the same direction) over time and should be considered from the time 

they arise to affect the structure (that is, after the structure or its parts become indeterminate). static). Furthermore, in 

the case of a concrete structure or a structure with concrete elements, an interaction between the development of 

settlement and residual deformation in the concrete elements may occur. 

Settlement differences of individual foundations or parts of dset foundations, I need to be best 

predicted taking into account the construction sequence. 

When there are no control measures, it is necessary to determine settlement due to long-term 

load as follows: 

- dset,i should be assigned to all independent foundations or parts of foundations; 

- Independent foundations or parts of foundations, selected to have the most unfavorable effect, 

will be subjected to a settlement dset,i Ñ æ set,i, where æ set,i is to take into account the be sure 

when evaluating settlement. 

8) Where the design includes wind and wave loads 

Wind and wave loads acting in combination with operational loads need to be consistent with the 

environmental operational constraints defined during the design phase for the operational case 

under consideration. 

NOTE 1 Operational wind and wave conditions are the greatest conditions under which a particular operation is being 

carried out (e.g. vessel docking or crane operation). Exploitation values have been defined for each project. Different 

exploitation values can be defined for different exploitations within a project. 

NOTE 2: Depending on local climatic conditions, a different specification for wind and thermal impacts may be defined 

for an individual project. Reference should be made to relevant local regulations. 

Wind, wave and current loads should be assumed to act simultaneously when site circumstances permit them to act in 

the same direction. 

NOTE 3: In most cases, wind and local wind-generated waves can act in the same direction. Wind and waves can act 

in the same direction. See also Notes 2) and 3) of Article 4.8.1. 

9) Where the design includes incident loads (non-shock) 
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NOTE 1: When one load for a fault design case needs to be considered, there is no need to consider other fault loads 

in the same combination. 

For an accident design case considering collisions in port traffic, equipment or mobile cranes, the 

loads due to traffic, cranes, warehouse goods and current loads on the structure need to be 

considered. Consider when appropriate in combinations such as the accompanying loads 

coordinated according to Table 3. 

As well as any temporary loads listed in the combinations in Table 3, the emergency berthing and 

mooring loads should be combined with a permanent component of the loads from any equipment 

or cranes of the above port. construction. This is permitted in cases where a crane may be in a 

permanent position on the site at the time of an incident, so should be considered as part of the 

permanent load. must be a temporary load. 

NOTE 2: Additional combinations of loads for other accident design cases may be agreed for each individual project. 

10) Design case to check geotechnical conditions 

Load combinations in the case of geotechnical test design should be the same as for other 

ultimate limit state (ULS) tests. 

5.7.2 Load combination 

The loads should be combined according to the formulas given in Table 3 to check the ultimate 

limit states and operate for the entire range of design cases appropriate to the project. 

NOTE 1: The effects of loads that do not occur simultaneously for physical and functional reasons need not be 

considered together in load combinations. 

NOTE 2: Combinations that include loads outside the scope herein may be determined for the individual project 

considering the probability of simultaneous occurrence of the various load components. 

NOTE 3: For impacts due to earthquakes, see article 5.13. 

The load combination given within formulas 1, 2, 3 above and formulas 7, 8 below should be used 

when checking the ultimate limit state. 

General form: 

   (7) 

Combination of a main temporary load and other accompanying temporary loads: 

   (8) 

General form of accident design case: 

   (9) 

NOTE 4: Table 3 lists the combinations shown by system. 

NOTE 5: For fatigue testing, see specific construction design sections. 

Load combination given within formula 4; 5; 6 and formula 10 below should be used when 

checking service limit states. 

              (10) 

NOTE 6: Attention should be paid to the additional recommendations for checking deformation and vibration given in 

the sections related to the design of construction items. 
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5.7.3 Combination coefficients 

NOTE 1: The combination coefficients ɣ are used in the combination formulas, see 5.7.3 and Table 1. 

The coefficients ɣ given in Table 4 should be used for combinations of fluctuating loads (See 

Table 3 formulas). 

NOTE 2: Coefficients ɣ can be set for individual projects to meet specific requirements. 

5.7.4 Load partial factors 

The partial factors given in Table 1 should be used in the combined formulas given in clause 5.7.2 

and Table 3. 

When applying Table 1 in cases where the limit state is very sensitive to changes in the amplitude 

of permanent loads, it is necessary to take the higher and lower characteristic values of these 

loads to Check the most unfavorable case. 

The static balance (EQU) of seaport structures should be checked using the design values of 

loads in set A. 

Design of structural elements (STR) when geotechnical loads are not included should only be 

checked using the design load values in set B. 

The design of structural elements (STR) when including geotechnical loads and ground 

resistance (GEO) should be checked using one of the design approaches outlined in Clause 5.1 

of the standard. This standard and, depending on the design approach used, use either set B or 

C design values or both. 

In general, geotechnical design should be performed using Clause 5.5 of this standard with set B 

or set C component coefficients selected according to Table 1. 

NOTE: Article 5.5 of this standard contains principles for assessing geotechnical stability as well as assessing cases 

of hydraulic failure and buoyancy. 

Load combinations for geotechnical testing should be the same as for ULS testing. 

The Ὓp values used for prestressed loads should be taken according to representative values of 

these loads in accordance with Parts 5, 6 and 8 of this Standard. 
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Table 4 - Coefficients ɣ for load combinations in marine structures  
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Table 4 - Coefficients ɣ for load combinations in marine structures (continued)
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5.7.5 Operation limit states and other regulations 

For operational limit states, load combinations need to be selected according to the combination 

formulas in Table 3 and design load values selected according to the regulations in Parts 5, 6, 

and 8 of the series. this standard. 

It is necessary to define exploitation criteria related to exploitability requirements. Deformations 

should be calculated in accordance with the provisions of Parts 5, 6, and 8 of this standard when 

using appropriate load combinations according to formulas 4; 5 and 6 take into account 

exploitability requirements and distinguish between recoverable and non-recoverable limit states. 

Note: It is generally not necessary to evaluate structures against deformation limits unless to control drainage and other 

operations and deformation of sensitive equipment such as ship-to-shore loading cranes. 

5.8 Wind 

5.8.1 Overview 

Wind is the phenomenon of air moving due to differences in atmospheric pressure and 

temperature. Wind speeds over the ocean are much higher than on land near the shore. When 

designing port facilities, the effects of wind must be assessed appropriately. 

The wind characteristics established by the methods given in the following clauses correspond to 

whether the independent action or combination of two or more actions is to be considered. 

Ocean surface winds used in wave and storm surge calculations need to be appropriately defined 

in terms of wind speed, wind direction, and  cycle repeat so on based on long-term weather 

observations and forecasts following regulation. 

When designing structures with special requirements, sensitive to wind loads or structures built 

in areas with complex terrain (such as: between two parallel mountain ranges, large river mouths, 

etc.), wind data must be used according to separate studies conducted and provided by 

competent state professional agencies. 

5.8.2 Wind characteristics and determination methods 

The wind that will be used in calculating wind pressure needs to be appropriately defined 

according to the concept of wind speed and wind direction corresponding to the return period 

through statistical analysis of long-term observation data or wind. have been inferred from history 

or other methods. 

- The wind that will be used in wind energy calculations should be appropriately defined in terms 

of the combined statistical distribution of wind speed and direction for a given time period, based 

on time observation data. long or windy has deduced from history. 

- Winds that will be used in calculating waves and storm surges must be values observed or 

inferred from history over the past 30 years or longer. 

- Winds that will be used in wind pressure calculations must be values observed or inferred from 

history within 30 years or longer. 

5.9 Water level 

5.9.1 Overview 

In the design and operation of port facilities, the tidal water level is determined according to the 

nautical chart level through statistical analysis of monitoring data; or mathematical models and/or 

other sources of information; Astronomical tidal factors, hydrometeorological effects, wave action 
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(wave surge), and other unusual factors such as tsunamis are considered in determining design 

water levels. 

1) Tidal water level 

When determining tidal water levels for use in building design, appropriate consideration should 

be given to the influence of tidal levels on wave action and water pressure. Furthermore, it is 

necessary to consider the possibility of water levels and waves simultaneously affecting the 

structure in the most unfavorable direction. 

Tide level is determined according to the nautical elevation system based on measurement data 

over 3 years or more. The water levels used in design calculations include average water level, 

design high water level and design low water level which will be presented below. 

2) Storm surge 

When determining storm surge, appropriate consideration should be given to multiple years of 

measurement data (30 years or more). When determining storm surge, if long-term monitoring 

data are not available, surge calculation models based on hydrological conditions data and 

historical water level records can be used. When running a storm surge mathematical model, it is 

necessary to reasonably consider the increased wave height due to breaking waves near the 

shore in some cases. 

5.9.2 Design water levels 

Design water level (or calculated water level) is the average water level, high water level, or low 

water level according to a specified rate guarantee, used to calculate the depth or top elevation 

of port structures. 

Calculated water levels for water areas, entrance and exit channels of seaports or ship repair 

factories need to be regulated to correspond to the number '0' of the depth used on the nautical 

chart of the sea area. This calculated water level is determined according to the guaranteed rate 

of many years (minimum 03 years) of the daily water level. 

Guaranteed capacity to determine the calculated water level for water areas is specified in the 

following table depending on the difference between the water level with guaranteed capacity of 

50% (H50%) and the lowest water level (Hmin). 

Table 5 - Probability of determining calculated water level 

 

NOTE: 

1. The daily water level guarantee line is drawn according to the results of hydrometric monitoring conducted for at 

least 3 years. 

2. The lowest water level Hmin is the lowest annual water level with a frequency of 1 time in 25 years (guaranteed rate 

of 4%). 

3. When the series of water level monitoring data is not long enough, use the calculation method transferred from 

similar stations. 

4. When there is a port entrance and exit channel, the calculated water level of the port water area must not be higher 

than the calculated water level of the channel determined according to TCVN 11419:2016. 

5. For intermediate values of difference (H50% - Hmin), the calculated water level is determined by interpolation. 
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Water levels commonly used in foreign standards Refer to Appendix B. Some issues about tidal 

water levels. 

5.10 Waves 

5.10.1 Overview 

5.10.1.1 Classification of ocean waves related to port facilities 

There exist the following 5 types of ocean waves that are related to construction techniques of 

various types of seaport projects: 

1) Waves caused by wind; 

2) Waves caused by ships; 

3) Tsunami; 

4) Waves due to seiche; 

5) Long period waves. 

5.10.1.2 Wind wave theory and basic parameters 

In the design of seaport projects, the following basic theories of wind-driven waves are often used: 

1) Airy small amplitude linear wave theory 

2) Finite amplitude wave theory: Cnoidal and Stoker. 

For the basis of these wave theories, please refer to Appendix C. 

In linear wave theory, the period is assumed to be independent of water depth (assumed to be 

constant when water depth, height and wave direction change). 

 

Figure 1 - Linear wave theory ï definition diagram 

 

NOTES: 1: Wave propagation direction               2: Static water level (SWL) (z = 0) 

                  3: Peak of wave                                 4: Belly of wave 

                 5: Bottom (z = -h) H: Wave height L: Wave length h: Water depth 



ΠΝ 
 

                 t: Time                                                T: Wave period 

    (11) 

     (12) 

  (13) 

in there: 

ɤ is the angular frequency; 

k is the wave number. 

Table 6 - Linear wave theory ï useful formulas 
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When the wave enters shallow water, Cnoidal theory or Hypecbolic theory is then applied. Even 

Shuto's nonlinear long wave theory has been linearized through the shallow water coefficient Ks 

which is a function of the equivalent deep water wave height H'o, deep water wave height Ho, 

deep water wave length Lo and depth h (Figure 6). The phenomenon of shallow water waves is 

very common in river mouths. 
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Figure 2 - Variation of wave length, wave group speed and shallow water coefficient 

according to water depth 

 

Figure 3 - Shallow water coefficient Ks 
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5.10.1.3 Wave spectrum and design waves 

Waves caused by wind are random and non-harmonic waves (TÍconst) as shown in Figure 8. 

Therefore, to have real waves, we must make statistics and describe them through spectrum 

theory: 

 

Figure 4 - Real random wave diagram 

In designing marine strutures, the functional form of the wave spectrum must be fully considered 

and an appropriate formula must be used. 

1) General shape of the wave spectrum 

The general shape of the wave spectrum is often expressed by the following formula: 

   (14) 

in there: 

f is frequency; 

ẽ is the azimuth relative to the main direction of the wave; 

S(f, ẽ) is the direction spectrum. 

Above, S(f) is a function that represents the distribution of wave energy related to frequency, it is 

called the frequency spectrum; G(ẽ) is a function that represents the distribution of wave energy 

with respect to direction, it is called ñdirectional propagation functionò. 

The functions expressed in the following formulas can be used for S(f) and G(f,ẽ). The frequency 

spectrum of formula (15) is called the Bretschneider Mitsuyasu spectrum, while formula (16) is 

called the Mitsuyasu type propagation function: 

   (15) 

   (16) 

in there: 

Gẽ is a proportionality constant that satisfies the following normalization condition: 

      (17) 
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in there: 

ẽmax and ẽmin are the maximum and minimum deviation angles from the principal direction. 

The S term in formula (27) is a parameter that represents the degree of directional spread of wave 

energy. It is given by the following formula: 

      (18) 

Where fm is the frequency at which the spectral peak appears. It can be expressed in terms of the 

significant wave period T1/3 as in the following formula: 

    (19) 

If the units of H1/3 andT1/3 are m and s, the units of S(f,ẽ) are m2s. 

2) Value of direction propagation parameter 

A value of 10 must be taken for the maximum value Smax of the directional propagation parameter 

in the case of wind-driven waves in deep water. In the case of rising water, considering the wave 

decay process and other problems, a value of 20 or more is appropriate. Figure 5 gives a plot of 

approximate values of Smax depending on the wave steepness. Judging by the value of the wave 

slope, it can be seen that Smax<20 for waves caused by wind. This graph can be used to determine 

the approximate value of Smax. Goda and Suzuki recommend using standard values of Smax = 

10 for wind waves, Smax = 25 for swells while beginning to weaken, and Smax = 75 for swells that 

have weakened for a considerable length of time. since the wind stopped blowing. 

3) Change of Smax due to refraction 

The shape of the directional propagation function changes as the wave undergoes refraction. 

When performing diffraction calculations on irregular waves, using refracted waves, it is then very 

important to consider such changes in the directional propagation function. Figure 6 gives the 

values of Smax after the waves have been refracted at a coast with straight and parallel depth 

contours. In the figure, (Ŭp)o is the angle of incidence of the main wave direction at the deep water 

boundary, that is, the angle between the main wave direction and the line perpendicular to the 

contour line. 
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Figure 5 - Estimated graph of Smax according to Ho/Lo wave slope 

 

Figure 6 - Smax changes with depth h (refraction) 

4) Improved model for frequency spectrum 
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If waves are generated in an experimental trough using the BretschneiderïMitsuyasu spectrum 

expressed by formula (26), the period of the significant waves of the generated waves usually 

deviates from the period of the significant waves having target meaning. The reason for such a 

deviation is that the original formula (26) is given in terms of the peak frequency m but is 

replaced by the significant wave period T1/3 by using formula (30). Therefore, Goda proposed 

the following standard spectrum form, with which the significant wave period of the generated 

wave does not deviate from the target significant wave period. 

 (20) 

The peak frequency of formula (20) is about 8% lower than the peak frequency of formula (15), 

the peak spectral density is about 18% higher, and the entire spectrum is shifted toward low 

frequencies. At least, the spectral form expressed by formula (20) should be used for the target 

spectrum in hydraulic model experiments. 

5) Relationship between wave spectrum and typical values of wave characteristics 

a) Wave spectrum and typical value of wave height 

If the probability density function for a wave height H to appear is assumed to follow a Rayleigh 

distribution, then the relationship between the mean wave height H and the root moment of the 

wave spectrum mo is given by the formula (20 ), where the nth moment of the wave spectrum is 

determined in formula (21). 

  (21) 

(22) 

Using the relation H1/3 = 1.60 H, we have the following relation between the significal wave height 

and the spectrum. 

  (23) 

According to actual observation results, usually the best relationship is H1/ 3 = 3.8 m0
1/2. Cases of 

wave data in shallow water where the wave height is large, the non-linear waves are high and so 

the relation H1/ 3 = 4.0 m0
1/2 is satisfied. In other cases, there is a correlation very strong between 

H1/3 and mo. Therefore, it is acceptable to use formula (23) and calculate the meaningful wave 

height from the spectrum. 

b) Wave spectrum and typical value of period 

When determining waves by the zero pass method, the average period Tz is given by the following 

equation according to Rice theory. 

       (24) 

Calculating the average period using the Breschneider-Mitsuyasu type spectrum, we have the 

following relationship: 

        (25) 

Design waves must be selected to suit the calculation goals: exploitation, stability, durability, 

erosion resistance... for each marine structures item: breakwaters, ship moorings, embankments, 



ΠΥ 
 

independent pillars, sea walls, regulational dikes... with different investment levels using wave 

data obtained from field observations and forecasts according to regulations. including normal 

waves (haze) and storm waves as shown in Figure 7. 

 

Figure 7 - Process for determining design waves 

Waves used in the design area are significant waves, deep water waves, equivalent deep water 

waves and other waves. 

Definition of wave parameters: 

- Highest wave (highest wave height Hmax and highest wave period Tmax): The highest wave in a 

group of waves. 

- Highest tenth wave (H1/10, T1/10): Wave with height and period equal to the average height and 

period of the highest tenth waves in a group of waves. 

- Average wave (average wave height H, average period T): Wave with height and period equal 

to the height and average period of all waves in the wave group. 

- Deep water waves (deep water wave height Ho and deep water wave period To): Waves at a 

location where the water depth is at least half the wave length: wave parameters are expressed 

as parameters of waves have meaning at that location. 

- Equivalent deep water wave (Ho'): The height of a hypothetical wave has been corrected for the 

influence of changes in two-dimensional topography such as refraction and diffraction; it is 

expressed by the height of the significant wave. 

The most significant design wave parameter is H0, which includes the corresponding deep water 

wave height Ho': 

  (26) 

in there: 
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Kd is the diffraction coefficient; 

Kr is the refractive coefficient; 

Ho is the deep water wave height h Ó L/2 

According to statistics from many standards (BS, OCDI, DIN, SPM...) it can be converted 

approximately according to the following correlations: 

H1/10 = 1,27 H1/3  (27) 

H1/3 = 1,60  ( : average wave height) 

Hmax = (1,6 õ 2,0) H1/3 

H1/10 = 2,03  

Tmax= (0,6 õ 1,3) T1/3  (28) 

T1/10 = (0,9 õ 1,1) T1/3 

T1/3 = (0,9õ1,4) (: average period) 

Tmax å T1/10å (1,1õ1,3)  

NOTE: If calculating waves according to construction level as prescribed, you must choose a frequency to ensure wave 

height H and other parameters, then you need to apply TCVN 8421: 2010. 

5.10.2 Wave forecast 

Wave forecasting must be done according to an appropriate method with the following two steps: 

- Determine the wind field 

- Calculate the development and attenuation of waves. 

The wind field is characterized by the following parameters: Wind direction and speed, wind 

momentum and wind blowing time for deep water starting waves. The wind field for shallow water 

starting waves has additional depth for a particular terrain, including delta or trumpet-type 

estuaries. 

There are two groups of methods for forecasting wind waves: 

1) Group of significant wave methods: 

2) Wilson method 

The Wilson method is suitable for storm waves (Figure 8). From the curves H1/3-t-F-T1/3, it is easy 

to find H1/3 and T1/3 as F moves. 
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Figure 8 - Wave forecast graph according to Wilson H1/3-F-CG 

c) Sakamoto ï Ijima method (S-I) 

The Sakamoto - Ijima method was developed from the Wilson method and is used for waves in 

shallow water where the wave propagation process is affected by water depth. From the curves 

in Figure 14, H1/3 can be found according to H1/3- F-CG (CG -Group Speed). And T1/3 is determined 

directly according to the formula: 

 (29) 
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Figure 9 - Wave forecast graph according to Sakamoto ï Ijima (H1/3-t-F-CG ) 

NOTE: Refer to Appendix C.2 Wind wave forecast (BS 6349-1-2-2016). 

2) Group methods according to spectrum theory through software 

a) MRI software: 

The MRI model was built in 1973 - 1977 based on the Piersm - Moskowitz spectrum, short 

calculation time with accuracy close to reality for H wave height. 

b) WAM software: 

This is typical 3rd generation software, used to directly calculate the nonlinear interactions of up 

to 4-wave resonances based on the Hasselmann spectrum and other authors: Phillips, Janssen... 

The WAM model is also suitable with shallow water hÒL/2 

5.10.3 Refraction and shallow water effects 

Wave crests tend to have a line parallel to the depth contours of the bottom due to refraction. 

The refraction diagram given in Figure 10, represents cases where the bottom profile can be 

approximated by straight, parallel depth lines. In most practical cases, deep contours are irregular 

or curved in plan, so a numerical modeling approach to waves is recommended. When numerical 

modeling is not practical and is for reference only, a series of orthogonal lines or rays can be 

constructed by progressive calculation according to Snell's law to represent the effects of 

refraction on the area. area being evaluated. The divergence or convergence of adjacent rays will 

indicate the concentration or dispersion of wave energy along the wave crest. 
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Figure 10 - Diagram of wave refraction 

In the absence of currents and assuming no wave dissipation, diffraction or reflection, the local 

wave height caused by refraction and shallow water can be related to the deep water value by 

assuming that the energy waves are conserved between orthogonal lines, so ECGb remains 

constant, where: 

E is the wave energy density, given by ɟogH2/8 

in there : 

ɟo is the density of water, in kg/m3; 

g is the acceleration of gravity, in m/s2; 

H is the wave height, in m; 

CG is the wave group speed, in m/s; 

b is the distance between adjacent wave orthogonal lines in m. 

The wave height on the shoreline can then be calculated as: 

   (30) 

in there : 

H0 is the wave height in deep water, in m; 

Ks is the shallow water wave coefficient, given by w(CGo/CG); 

w is the vertical component of the water particle speed, in m/s; 

CGo is the wave group speed in deep water, in m/s; 

CG is the wave group speed in m/s; 

Kr is the wave refraction coefficient given by w (b0/b); 

b0 is the beam separation distance in deep water. 

The shallow water coefficient values, along with the wave group length and speed, can be 

obtained from Figure 2. 
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The shallow water effect on random waves, including the effects of breaking waves, can be 

calculated according to Figure 3. 

When ray drawing techniques are adopted, the wave refraction coefficient can be found by 

measuring the relative divergence or convergence of the wave rays obtained from refraction 

analysis. 

Sudden changes in deep seabed contours can lead to refraction and reflection of waves, which 

cause energy transfer, in which case the above formulas may not be correct. 

In calculating wave propagation for Vietnam's coast, which has many islands and large estuaries 

from deep water to the shore, the following 3 software can be used: 

a) RCPwave software 

The model was created in 1980 and is used for linear waves in open seas, including breaking 

waves in shallow water (estuaries). The basis for RCPWave is Berkhoff's rate potential function 

that takes into account refraction, diffraction, and scattering effects in the form: 

  ( 31 ) 

in there: 

◖(x,yâ): Velocity potential              CG: Wave group speed 

C: Wave propagation speed            = Angular frequency   = 2ˊ/T 

b) REFDIF model 

The model launched in 1983 includes the nonlinear effect of third-order Stokes waves, and is also 

used for shallow water areas based on the potential function ű of the velocity: 

   (32) 

in there: 

K is the wave number; 

U is the flow vector; 

ШLaplace operator; 

 

h is the depth. 

c) STWave model 

A wave spectrum model that both predicts and calculates near-shore propagation, including the 

effects of diffraction, refraction, shallow water waves and currents. This is a model that carefully 

calculates aspects of energy E including dissipation, loss, seepage, breakage, redistribution, etc. 

  (33) 

in there: 
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E (f, ɗ, x, y, t) is the spectral energy density; 

S(f, ẽ, x, y, t) is the added or lost energy density of the kth source. 

Calculating propagation according to models is very convenient and fast, thus describing the wave 

field easily, but the level of accuracy is different, so the refraction map according to each model 

is different even though the initial data is different. entering is the same. 

NOTE: For ports at estuaries, refracted rays from deep water to the shore should be drawn corresponding to each 

direction of impact of the prevailing wind on the topographic map of that estuary at a scale of 1:500 to 1:2000. This 

issue is referred to TCVN 8421: 2010. 

5.10.4 Wave diffraction 

The diffraction coefficient in the harbor Kd where the ship is anchored to handle cargo is 

determined accordingly 

(34) 

in there: 

Hd is the diffraction wave height at point i in the harbor; 

Hi is the height of waves originating and corresponding to a wind direction at the port gate. 

a) Diffraction in a harbor with a protruding dike and the incoming wave rays are at an angle ɗ = 

90o with the port mouth. Three pictures from 20 (a); 20(b); 20(c) allows finding Kd with period T 

corresponding to Smax = 10; 25; 75 only allows the wave ray to enter the door perpendicular to ɗ 

= 90o. Using the method of convolution, we can find: 

  (35) 
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Figure 11(a) - Two graphs of Kd and T for a raised dike with Smax = 10 and Ь = 90o 
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Figure 11(b) - Two graphs of Kd and T for a raised dike with Smax = 25 and Ь = 90o 
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Figure 11(c) - Two graphs of Kd and T for a raised dike with Smax = 75 and Ь = 90o 

b) Diffraction in a harbor with two protruding dikes and wave rays entering at an angle ɗ = 90o 

with the port entrance and corresponding to each relative width of the port entrance B/L. 
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Twelve figures 21(a) to 21(l) allow finding Kd with period T corresponding to Smax = 10; 25; 75 only 

allows the wave ray entering the door to be perpendicular to the dike (ɗ = 90o). To get the results, 

use the method of convolution. 

 

Fig.12(a) - Two graphs determining Kd and T for 2 raised dikes with Smax = 10, Ь = 90o and 

B/L=1 
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Fig.12(b) - Two graphs determining Kd and T for 2 raised dikes with Smax = 25, Ь = 90o and 

B/L=1 
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Fig.12(c) - Two graphs determining Kd and T for 2 raised dikes with Smax = 75, Ь = 90o and 

B/L=1 
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Fig.12(d) - Two graphs determining Kd and T for 2 raised dikes with Smax = 10, Ь = 90o and 

B/L=2 
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Fig.12(e) - Two graphs determining Kd and T for 2 raised dikes with Smax = 25, Ь = 90o and 

B/L=2 
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Fig.12(f) - Two graphs determining Kd and T for 2 raised dikes with Smax = 75, Ь = 90o and 

B/L=2 
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Fig.12(g) - Two graphs determining Kd and T for 2 raised dikes with Smax = 10, Ь = 90o and 

B/L=4 
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Fig.12(h) - Two graphs determining Kd and T for 2 raised dikes with Smax = 25, Ь = 90o and 

B/L=4 
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Fig.12(i) - Two graphs determining Kd and T for 2 raised dikes with Smax = 75, Ь = 90o and 

B/L=4 
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Fig.12(j) - Two graphs determining Kd and T for 2 raised dikes with Smax = 10, Ь = 90o and 

B/L=8 
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Fig.12(k) - Two graphs determining Kd and T for 2 raised dikes with Smax = 25, Ь = 90o and 

B/L=8 
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Fig.12(l) - Two graphs determining Kd and T for 2 raised dikes with Smax = 75, Ь = 90o and 

B/L=8 
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5.11 Current 

5.11.1 Sea currents in coastal areas 

Ocean currents or other currents must be studied in detail in terms of both direction and 

magnitude based on field measurements or mathematical models. The effects of currents, often 

occurring simultaneously with other impacts, for the stability of the project is very important. 

Sea water movement is a combination of many different types of cyclical flows, caused by different 

natural impacts; The velocity and direction of the flow are affected by the terrain and the type of 

building structure, and change very complexly in both space and time. The movement of sea 

water causes the movement of seabed sediments, causing problems such as sedimentation in 

channels and port tank waters, as well as erosion in areas around structures. Ocean currents can 

cause large-scale changes to the natural environment, such as water quality, sediment alteration, 

and biological transformation. 

In terms of origin and scale in space and time, ocean currents are classified as tidal currents, 

wind currents, density currents, and nearshore currents. These types of currents are affected 

largely due to geological conditions and regional ocean-meteorological conditions. 

5.11.2 Estuary hydraulics 

The influence of estuarine hydraulic regime, including river flow, can be evaluated by different 

methods based on field measurement data or numerical models. 

The effects of estuarine hydraulics include factors such as estuarine tides, river currents, density 

currents at the estuary, waves entering the estuary, and sedimentation. The assessment of these 

impacts is carried out using appropriate methods, taking into account impacts from the sea to the 

river mouth, river flow and sedimentation from the river. 

1) General 

The boundary to determine the scope of influence of estuarine hydraulics is often unclear. The 

area where freshwater and saltwater interact with each other is defined as a large area extending 

from the limit line of tidal influence upstream. river to the mouth of the bay. However, in terms of 

impacts and influences related to port facilities, the estuary area is generally defined as the area 

extending from the upstream point where salt water flows due to average tidal movements to the 

upper part of the river. in front of the estuary shelf where the sand structure is deposited during 

the flood season (hereinafter simply referred to as the estuary area). 

In the estuary area, besides impacts such as tidal currents, tidal movements, waves, and near-

shore currents, there are also fluctuations in flow from the river during dry and flood seasons. 

When the state is in motion of water and water density changes, giving rise to complex hydraulic 

phenomena such as density flow, and sediment movement phenomena such as sedimentation 

and chemical flocculation. In the estuary area, organisms live in a balanced physicochemical 

environment, and the natural environment and organisms in this area can be easily affected by 

human activities, therefore requiring There is complete research and continuous monitoring of 

those effects on the formation of surrounding structures. 

2) Tidal, wave, and current movements in estuaries 

Hydraulic developments in estuary areas are often very complicated due to a mixture of effects 

such as tidal level fluctuations, tidal currents, tidal currents, water level increases due to waves, 

and current fluctuations. near shore. In general, the flow in the estuary can be assessed as 

follows: 
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a) Strong flow when the river floods, the gradient flow of the river is dominant, this is a steady 

flow. 

b) When river water is in a normal state, the flow structure will be complex because tidal currents 

and density currents are added to the gradient flow. 

c) During the dry season, tidal currents will dominate. However, in estuaries with small tidal 

amplitudes, tidal currents are not strong, gravity flow (density) will be more obvious. 

d) At river mouths with large tidal amplitudes, tidal currents tend to be the dominant trend. 

3) Density flow at river mouth 

At the river mouth, seawater penetrates into the lower layer of river water due to the density 

difference, and there is interaction between the flows to achieve dynamic equilibrium. These flows 

are called "gravity currents or density currents at the river mouth", divided into three types: mixed 

weak flow, mixed flow medium, mixed flow strong depending on the shape of the intersection. 

between river water and sea water; however, in reality gravity flows can vary over time and 

seasonally. 

4) Waves entering the river mouth 

When waves enter the river mouth, they are changed by the impact of topography and river flow. 

Wave height increases due to refraction and shallow water effects. The propagation speed is 

reduced because the river flow is opposite to the direction of propagation, and increases the wave 

height. When the wave height reaches a certain value, the wave energy will gradually decrease 

due to bottom friction, the wave will break and create a turbulent flow. 

5) Estuarine sediments 

Sediment at river mouths is usually sand mixed with clay mud from the river. Sediments move 

under the influence of waves, forming sand bars and shoals at river mouths. Sediment and 

sedimentation at river mouths cause many Difficult issues for port facility maintenance and 

environmental management. 

5.11.3 Flow force 

1) Overview 

The force caused by the flow, acting on structures and structures on submerged pile foundations 

or near the water surface such as bridge piers, pipes, or rubble foundation covering materials, is 

proportional to the square value of the velocity. 

The force acting on the flow can be divided into the drag force acting in the direction of the flow 

and the lifting force acting in the direction perpendicular to the flow. Usually the drag and lift forces 

are calculated according to the following formulas. Note that a thin tubular object in water may 

also experience vibrations caused by whirlpools. 

a) Drag force 

  (36) 

in there, 

FD is the drag force acting on the object in the flow direction (kN); 

CD is the drag coefficient; 

ɟo is the density of water (t/m3); 
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A is the projected area of the object in the direction of flow (m2); 

U is the flow velocity (m/s). 

b) Lifting force 

(37) 

in there: 

FL is the lift force acting on the object in the direction perpendicular to the flow (kN); 

CL is the lift coefficient; 

AL is the projected area of the object in the direction perpendicular to the flow (m2). 

2) Drag coefficient 

The drag force caused by the flow is represented by the total surface resistance due to friction as 

in formula (36). The drag coefficient varies with the shape and roughness of the object, direction 

and Reynolds number of the flow, so it is necessary to determine the appropriate value for different 

conditions. 

When the Reynolds factor is greater than 103, the values listed in Table 18 can be used as 

standard values for the drag coefficient. Note that for circular or spherical cylinders with flat 

surfaces, the drag coefficient value will decrease suddenly when the Reynolds factor is about 

105. However, for circular cylinders with rough surfaces, the decrease in the coefficient value will 

decrease. The drag coefficient is not too large, and the drag coefficient gradually stabilizes at an 

unchanged level corresponding to the relative roughness. The cube's data were collected from 

wave force experiments performed by Hamada, Mitsuyasu and Hase. 

3) Lifting coefficient 

As with the lateral drag coefficient, the lift coefficient CL also varies with body shape, flow 

direction, and Reynolds number. 

5.12 Geotechnical conditions 

5.12.1 Soil survey 

5.12.1.1. Survey methods 

Geotechnical conditions include: depth of bearing strata, depth of technical foundation strata, 

thickness of soft soil substratum, other stratigraphic conditions of soil, water levels (water level). 

residual), unit weight (compaction), physical characteristics, shear characteristics, consolidation 

characteristics, hydraulic conductivity, liquefaction characteristics,... 

Geotechnical survey methods to determine geotechnical conditions include: survey drilling TCVN 

9437, sampling in boreholes, SPT testing in boreholes TCVN 9351, testing physical and 

mechanical criteria of samples drilling, digging in the laboratory, field experiments... 

Soil is a material that depends on great applied stress, its properties can change a lot due to 

consolidation over time. Or changes due to the soil cover, etc. Therefore, it is necessary to 

conduct field surveys depending on the level of requirements. However, the scale of field surveys 

cannot cover everything, so it is necessary to make the most of information about geotechnical 

conditions before the survey (including databases, etc.) obtained from document studies. In this 

case, it is important to confirm that the geotechnical conditions have not changed due to changes 
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in the overlying soil or consolidation, or to consider that the geotechnical conditions have 

changed. . 

5.12.1.2. Location, distance, and depth of field survey areas 

The location of a field survey, distance, and depth of the survey area must be determined in 

accordance with the size of the structure, stress distribution in the ground due to the weight of the 

structure, and uniformity. about the stratigraphy of the land. The homogeneity or heterogeneity of 

the soil is the most important factor when determining the number of survey points. It is one thing 

to check the homogeneity or non-uniformity of the soil from the results of previous surveys, 

topography, and geophysical exploitation methods such as acoustic and surface wave exploitation 

methods. do it very effectively. Distances of survey points refer to Tables 7, 8 and 9. 

The survey depth must be sufficient to determine the stratigraphic layer with sufficient load-

bearing capacity. Whether or not a stratum layer has enough load-bearing capacity depends on 

differences in the shape and scale of the building. 

For relatively small-scale projects or when the foundations are not load-bearing piles, the depth 

of exploration into the soil layer with the value N obtained from the standard penetration test is N 

Ó 30 from 3 m to 5 m, or for a large-scale project where it is planned to have load-bearing piles, 

the depth of exploration into the soil layer with a value of N Ó 50 is not less than 5 m. Likewise, to 

verify seismic performance, survey work should continue until a layer of building rock with a shear 

wave speed of 300 m/s or greater is identified. 

Table 7 - Survey locations and distances for drilling and acoustic surveys 

In case the stratigraphic conditions are relatively uniform in both horizontal and vertical directions 

(Unit: m) 

 

Face line direction Perpendicular to face line direction 

Spacing layout Spacing layout Distance from face line 

(maximum) 

Boring Sounding Boring Sounding Boring Sounding 

Preliminary 

survey 

Wide area 300-500 100-300 

50 25 
50-100 

Small area 50-100 20-50 

Detailed survey 50-100 20-50 20-30 10-15 

 

Table 8 - Survey locations and distances for drilling and acoustic surveys 

In case of complex stratigraphic conditions (Unit: m) 

 

Face line direction Perpendicular to face line direction 

Spacing layout Spacing layout Distance from face line 

(maximum) 

Boring Sounding Boring Sounding Boring Sounding 

Preliminary 

survey 

50 or 

less 
15-20 20-30 10-15 

50-100 

Detailed survey 10-30 5-10 10-20 5-10 
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NOTE 1: Acoustic Surveys may or may not require drilling 

NOTE 2: Panel acoustic surveys are the only surveys that do not require drilling. 

NOTE 3: For sonic surveys, drilling is required, according to the values in the ñdrill columnò section. 

5.12.1.3. Choose survey methods 

The survey methods most suitable for the selected survey purposes must take into account the 

scale of the survey, the importance of the project and economic efficiency. 

Survey methods for each phase depend on the survey purpose and land information (Table 9). 

Table 9 - Survey methods according to survey purposes 

 

 

NOTE 1: The status of undisturbed soil samples is determined according to TCVN 4197. 

NOTE 2: Calculation of characteristic values follows TCVN 9153. 

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 experimental samples in their original state in 

the field, or collected directly at the scene. 

Unit weight is the weight of soil per unit volume in air, and includes wet unit weight and dry unit 

weight. Likewise, the unit weight in water (the weight of soil per unit volume from which the 
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buoyant force is subtracted) is referred to as the submerged specific gravity. To determine unit 

weight, it is necessary to establish methods for collecting undisturbed test clay samples, which 

can obtain test samples that are representative of the soil in the field. Therefore, the unit weight 

of clay soil can be obtained through laboratory experiments TCVN 4202. However, to determine 

the unit weight of sandy soil or sand in the field according to TCVN 8721. Determination of 

humidity according to TCVN 4196. 

Moisture unit weight is one of the indices indicating the basic properties of soil, used to identify 

soil hardness and degree of looseness, to calculate the weight of a soil mass and porosity. 

5.12.2.1.1.1 Moisture unit weight 

Moisture unit weight is the weight of soil particles per unit volume and the weight of water in the 

void, calculated according to the following formula: 

  (38) 

In there: 

Ẳt is the unit moisture weight (kN/m3); 

ɟt is the unit mass (t/m3); 

ɟs is the density of soil particles (t/m3); 

e is porosity; 

Sr is saturation (%); 

W is water content (%); 

ɟw is the density of water (t/m3); 

g is the gravitational acceleration (m/s2). 

Approximate values of unit weight of soil commonly encountered in seaport areas are shown in 

Table 10. 

 

Table 10 - Unit weight and moisture content of representative soils 

Properties Holocene clays Holocene clays Sandy soils 

Wet unit weight ɔt (kN/m3) 12-16 16-20 16-20 

Dry unit weight ɔd (kN/m3) 5-14 11-14 12-18 

Water content w (%) 150-30 60-20 30-10 
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5.12.2.1.1.2 Dry unit weight 

Dry unit weight is the dry soil weight per unit volume (in which: set w = 0 or Sr = 0) calculated 

according to the following formula: 

  (39) 

in there: 

Ẳd is dry unit weight (kN/m3); 

ɟd is the particle density (t/m3). 

Likewise, the relationship between wet unit weight Ẳt and dry unit weight Ẳd is given by the 

following formula: 

  (40) 

5.12.2.1.1.3 Floating unit weight 

If the void is completely submerged, the buoyancy unit weight is expressed by the following 

formula: 

    (41) 

in there: 

Ẳô is the buoyancy unit weight (kN/ m3); 

Ẳsat is the saturated unit weight (kN/m3). 

Although the unit weight of water Ẳw is somewhat dependent on salt concentration and 

temperature, its exact value is known. Therefore, when obtaining the characteristic values of a 

flooded foundation, taking into account the variation in unit weight, it is necessary to consider the 

variation in Ẳ' and not Ẳsat. 

In other words, when multiplying the characteristic values by a specific factor to obtain the design 

values, it is not necessary to apply a specific factor for the density of water Ẳw, so the unit weight 

pushes buoyancy Ẳ' is multiplied by a specific factor rather than the saturated unit weight Ẳsat. 

5.12.2.1.1.4 Measure unit weight in the field 

Methods for directly obtaining unit weights in the field include methods in which measurements 

can only be made near the ground surface, solid soil measurement methods. The sample 

measurement method replaces sand according to TCVN 8729. Likewise, the sample 

measurement method uses radioactive isotopes (RI) according to TCVN 9350. 

5.12.2.1.1.5. Relative tightness 

The degree of compaction of sand can be expressed by the relative compaction density using the 

following formula: 

  (42) 
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in there: 

Dr is the relative tightness; 

emax is the null coefficient in the most discrete state 

emin porosity ratio in the tightest state; 

e is the void ratio in the current state of the test sample; 

ɟdmin is the dry density in the loosest state (g/cm3); 

ɟdmax is the density in the densest state (g/cm3); 

pd is the dry density in the current state of the test sample (g/cm3) 

The compactness of sand is greatly influenced by the shape of the particles and the particle size 

composition. Therefore, from the unit weights and void ratios calculated from it. The density of 

sand cannot be accurately estimated. Therefore, relative density is used to indicate the relative 

value within the range of void fractions that can be obtained for this soil type. Measuring emax, 

emin,{ɟdmin,ɟdmax) to obtain Dr can be done according to TCVN 8721 Standard. 

5.12.2.1.2 Soil classification 

Soil classification is done by grading for coarse grained soils and uniformity for fine soils. 

Soil mechanical properties such as strength or deformation have a close relationship with 

classification for coarse-grained soils, with uniformity for fine soils. 

The method of classifying soil and rocks and their lists should be consistent with the technical 

classification method for ground materials according to TCVN 5747. 

The uniformity coefficient is an indicator of the grain size characteristics of sandy soil and is 

determined by the following formula: 

   (43) 

In there: 

Uc is the uniformity coefficient; 

D60 is the particle size corresponding to 60% by weight in the particle size distribution curve (mm); 

D10 is the particle size corresponding to 10% by weight in the particle size distribution curve (mm). 

A large uniformity coefficient means that the particle sizes are widely distributed; such a soil is 

called ñwell-gradedò. Conversely, a small value of Uc means a narrow particle size distribution or 

a uniform particle size. Such soil is called ñpoorly gradedò. In the Homogeneous Soil Classification 

System, coarse-grained soils where the fines content is less than 5% of the total mass are later 

divided into ñwidely distributed soilsò and ñhomogeneous soilsò. 

Soil is widely distributed: 10 Ò Uc 

Homogeneous soil: Uc < 10. 

5.12.2.1.3 Hydraulic conductivity of soil 

When the seepage flow in fully saturated soil is a steady laminar flow, the hydraulic conductivity 

will be estimated using Darcy's law. 
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Hydraulic conductivity k (permeability coefficient) according to cross-sectional area of soil type A, 

hydraulic slope i and volume of seepage flow in unit time is calculated according to the following 

formula: 

   (44) 

in there: 

k is the permeability coefficient (cm/s); 

q is the volume of water flow in the soil in unit time (cm3/s); 

i is the hydraulic gradient; I = h/L; 

h is the head loss (cm); 

L is the length of the permeation path (cm); 

A is the cross-sectional area (cm2). 

To determine the permeability coefficient k of undisturbed soil samples (taken in the field) in the 

laboratory or an in situ permeability test according to TCVN 8723. 

Approximate value of permeability coefficient 

Hazen pointed out that the effective grain size D10 and the permeability coefficient of sand k are 

related to each other, formula (45) to calculate k relatively homogeneous sand with uniformity 

coefficient Uc < 5, and the grain size effective D10 from 0.1mm to 0.3mm. 

    (45) 

in there: 

k is the permeability coefficient (cm/s); 

C is constant (C=100 (1/cm.s)); 

D10 is the so-called effective particle size corresponding to 10% by mass 

in the grain size distribution curve (cm); 

Approximate values of the permeability coefficient are listed in Table 11. 

Table 11 ï Approximate values of permeability coefficient 

Soil Sand Silt Clay 

Hydraulic 

conductivity 
10-2 cm/s 10-5 cm/s 10-7 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 as an elastic body, the elastic coefficients are determined 

taking into account the nonlinearity of the soil stress-strain relationship. 

When analyzing the state of soil as an elastic body, the deformation modulus and Poisson's ratio 

are often used as elastic coefficients. Because of the strong nonlinearity of the soil stress-strain 

relationship, the elastic coefficients in the analysis must be determined by considering the degree 

of deformation of the soil under analysis. 

(1) Strain dependence of the strain modulus 

The stress-strain relationship of soil often shows strong nonlinearity. When the strain is in the 

range of 10-5 or specifically less than 0.001% or less, the strain modulus is largest and nearly 

constant. This maximum value Emax corresponds to the value measured in dynamic experimental 

methods such as elastic wave exploration and is called dynamic elastic modulus. As the degree 

of deformation increases, the elastic modulus decreases.ШThe E50 secant moduli, determined 
from a conventional unconfined compression test or a triaxial compression test, are considered 

strain moduli when the strain ranges 10-3 (0.1 % ). When conducting an elastic soil analysis, it is 

necessary to determine the elastic constant by considering the degree of deformation of the soil. 

(2) Relationship between undrained shear strength and deformation moduli 

For cohesive soils, approximate values for the initial tangential elastic modulus Ei and the 

sandyen elastic modulus E50 can be determined using formula (46) and formula (47). 

     (46) 

  (47) 

in there: 

Ei is the initial tangential elastic modulus (kN/m2); 

E50 is the secant elastic modulus (kN/m2); 

cu is the undrained shear strength (kN/m2). 

Formula (46)Ẳɜ only applies to marine soils with a tightly cohesive structure and high plasticity 

(3) Poisson's coefficient 

To determine the Poisson's ratio (ɜ of a soil, there is currently no established method, although 

several methods have been proposed. In practice ɜ = 1/2 is used for undrained conditions of 

saturated soil, and ɜ = 1/3-1/2 is used for many other situations. 

5.12.2.2.2 Compression and consolidation properties 

Compression properties of soil and coefficients to estimate foundation settlement due to 

consolidation can be calculated from the values obtained according to TCVN 4200. 

When the soil is subjected to unidirectional loading, the compressive force of the structure with 

the soil particles causing settlement is called compressive force. If the soil porosity is saturated 

with water, pore drainage is necessary to bring the soil particles into structural contact with each 

other. For sandy soils with high hydraulic conductivity, drainage is fast. Therefore, shrinkage 

occurs immediately after loading and ends soon. However, for ground with cohesive soil, the 

hydraulic conductivity is very low. Therefore, a long period of time is required for drainage and 
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compressional settlement occurs slowly. The phenomenon of compression due to settlement in 

soil with such cohesive soil occurring over a long period of time is called consolidation. Soil 

consolidation characteristics are used not only to calculate load settlement, but also to estimate 

the increase in soil shear strength during land reclamation work. 

5.12.2.2.2.1 Calculation of final settlement due to consolidation 

When the consolidation pressure and the void ratio at consolidation are completed at pressure 

(after 24 h) in a consolidation test are tested on a semi-log scale chart, also known as an e-log 

curve p, or compression curve, as shown in Figure 52. The ñabcò portion of the e-log p curve 

indicates the loading process and is approximately linear. The state of consolidation indicated by 

the ñabcò part is called the normal state of consolidation. On the other hand, if the soil is not loaded 

from the state at point ñbò, then the relationship between void ratio and pressure reaches a 

reduced pressure equilibrium state as described in paragraph ñdbò. The state described by ñbdò 

and ñdbò is called overconsolidation. 

When a consolidation test is performed, the direction "d Ÿb Ÿ c" is described, point "b" obtained 

at the boundary of "d Ÿ b" indicates elastic deformation and "b Ÿ c" indicates plastic deformation, 

and the pressure corresponding to this boundary is called the cohesive elastic stress. 

 

Figure 13 ï e-logp relationship during consolidation 

The relationship between void ratio e and pressure p for segment "abc", the normal consolidation 

zone in Figure 13 is expressed by the following formula: 

    (48) 

in there: 

Cc is a dimensionless number representing the degree of tilt of the segment "abc" and is called 

the compression index. 

The ultimate settlement caused by the consolidation load can be calculated using three methods: 

the e-logp curve method; Cc method; and volumetric compression coefficient mv method. 

The decrease in void ratio ȹe as pressure increases from the pressure of the overlying soil layer 

at the site p0 to (p0+ȹp) can be determined by directly reading the e-log p relationship curves 

obtained from consolidation tests. On the other hand, if settlement is expected to be evaluated in 

favor of the safety margin, it can also be evaluated by formula (48) when using formula (47). 
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  (48) 

In the e-log p curve method, the settlement S is calculated using the following formula using ȹe 

either read directly or determined from the following formula: 

     (49) 

where: h is the thickness of the layer. 

In the Cc method, the settlement S is calculated by the following formula: 

  (50) 

This formula corresponds to the formula by which formula (48) is replaced in formula (49). 

The volumetric compaction coefficient mv is used to estimate the settlement and the amount of 

compaction by a load proportional to mv. However, this is only effective when the consolidation 

pressure increases little because mv can be assumed constant, because it will linearize land with 

strong nonlinearities. To calculate the settlement S when using mv according to the following 

formula: 

   (51) 

where: mv is the volume compression coefficient when the consolidation pressure is

 

In general, the mv value during consolidation decreases with the effective pressure of the 

overlying rock layer increasing. Under normal consolidation, the relationship between p and mv 

plotted on a double logarithmic graph will almost be a straight line, mv used in formula (51) to 

calculate settlement is the average value During the process of changing the pressure of the 

overlying soil layer, the effect of the ground layer ranges from p0 to (p0+ȹp). Normally, this value 

will be mv for the geometric average of the pressure of the overlying soil and rock layer effective 

 

5.12.2.2.2.2 Settlement speed 

In the Terzaghi theory - a classical consolidation theory, the method of analyzing the settlement 

rate is as follows: When increasing pressure p is added to saturated cohesive soil under 

undrained conditions, the pore water pressure exceeds too equal to the magnitude of the 

generated p. As consolidation progresses, pore water pressure gradually disappears, and at the 

same time, the stress ů' acting between soil particles also increases. This stress is called 

"effective stress". However, the sum of the pore water pressure u and the increase in stress ů' 

between soil particles is always equal to the increase in loading pressure p according to the 

following formula: 

    (52) 

in there: 

p is the pressure due to load; 
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ůô is the effective stress; 

u is the pore water pressure. 

Consider the case of highly permeable sand layers above and below a 2H thick layer of clay. 

When applying an increase in consolidation pressure p, the distribution over depth ů' and u is as 

shown in Figure 53. In other words, at the beginning of consolidation (t = 0), the state is indicated 

by the line DC with u = p, ů'= 0, and when consolidation is completed, it is in the state shown in 

line AB, with u = 0, ů'= p. The AEB curve is the pore water pressure distribution at time t1 after 

the start of consolidation. This curve is called the "contour line". As shown in the figure, soil parts 

far from the drainage layers have a relatively slow consolidation rate. 

The ratio of the effective stress increment to the consolidation pressure increment (ůô/p) at a 

certain depth z is called the degree of consolidation UZ at that depth. The level of consolidation 

at each average depth over the entire layer is called the average level of consolidation U. Average 

consolidation is the ratio of area AEBCD to area ABCD in Figure 14. 

 

Figure 14 ï Pore water pressure distribution according to depth 

Consolidation is a time-dependent subsidence phenomenon. The consolidation rate for the entire 

cohesive soil layer is expressed as the parameter U with the average degree of consolidation. 

The relationship between U and the dimensionless time coefficient Tv is obtained from coherence 

theory. The correlation between the dimensionless time coefficient Tv and the actual time t is 

expressed by the following formula: 

   (53) 

in there: 

Tv is the time coefficient; 

cv is the consolidation coefficient; 

t is the time after consolidation begins; 

H* is the maximum drainage distance. 

When the permeable layer exists on both sides of the cohesive soil layer, the maximum drainage 

distance H* is the same as H. However, when the permeable layer exists on only one side, H* is 

equal to 2H. The degree of consolidation at each depth is shown by the isoconsolidation lines in 
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Figure 15. In addition, Figure 16 shows the theoretical relationship between the average degree 

of consolidation and the time coefficient. 

 

Figure 15 ï Isoconsolidation lines 

 

Figure 16 ï Theoretical relationship between average degree of consolidation and time 

coefficient 

5.12.2.2.2.3 Primary consolidation and secondary consolidation 

If the relationship between the amount of settlement and time measured in a consolidation test is 

expressed as degree of consolidation versus time, Figure 16. However, as shown in the figure, at 

the final stage of consolidation, Experimental curves do not coincide with theoretical curves. 

Consolidation until U = 100% as determined by a settlement and time relationship that closely 

matches consolidation theory is called "primary consolidation", and the part where U > 100% and 

Consolidation that does not match the consolidation theory is called "secondary consolidation". 

Secondary consolidation is considered a creep phenomenon, and in this case settlement tends 

to occur linearly with the logarithm of time. 
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In verification of the performance of port structures, usually the consolidation pressure due to the 

load reaches several times the consolidation yield stress of the ground. Under these conditions, 

the amount of settlement due to primary consolidation is large and the amount of settlement due 

to secondary consolidation is relatively small, so in most cases secondary consolidation is not 

considered when performing tests. define features. In addition, if the settlement is large, the effect 

of the increase in buoyancy with settlement cancels out the effect of secondary consolidation, so 

it is clear that secondary consolidation will not be seen. In the following cases, it is necessary to 

take into account secondary consolidation when examining the performance of port structures. 

The process of ground settlement along with construction time has serious impacts on the project. 

As in the case of deep Pleistocene clay soils, when the consolidation pressure does not 

significantly exceed the consolidation yield stress of the soil layer, the presence of secondary 

consolidation cannot be ignored. 

 

Figure 17 - Primary consolidation and secondary consolidation 

5.12.2.2.2.4 Consolidation settlement of very weakly cohesive soil 

When backfilling is carried out with dredging or sludge removal, consolidation settlement of very 

weak sediments must be expected. Mikasa's consolidation theory which takes into account the 

self-weight effect of the clay layer and the changes in layer thickness during consolidation can be 

applied to analyze this problem. 

In this case, the amount and rate of subsidence cannot be determined analytically, but must be 

calculated using the finite differential method. 

When the thickness of a layer due to settlement is reduced compared to the original thickness 

and is so large that it cannot be ignored, many large errors are encountered in conventional 

consolidation settlement calculations. For example, if the layer thickness is reduced by 10% to 

50%, the difference between the conventional calculation method and a calculation that takes into 

account the effects of changes in layer thickness is between 3% and 30%. In addition, the impact 

of constant self-gravity is greatest when allowed to remain the same after dredging and backfilling. 

When the load increases, this impact also relatively decreases. 

For loads equal to two or more of the average self-weight of the soft soil layer, the effect of self-

weight becomes very small and can almost be ignored. 

To estimate the consolidation parameters of very weakly cohesive soils, use a consolidation test 

applying continuously a constant strain rate as specified in TCVN 4200. For cohesive soils with 

large time effects or for For cohesive soils whose settlement can be suddenly observed after the 

consolidation yield stress has occurred, a constant rate of deformation consolidation test from 

which a continuous e-logp curve can be obtained is a very useful method to obtain the 
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consolidation yield stress. However, the e-logp curve is greatly affected by the deformation rate, 

the e-logp curve obtained from this experiment often shifts strongly to the side of high 

consolidation pressure compared to the e-logp curve obtained from an increased load 

consolidation test as specified in TCVN 4200. Therefore, it is necessary to realize that the 

consolidation yield stress becomes larger. 

5.12.2.2.2.5 Correlation between compression coefficient and consolidation coefficient 

and physical properties 

Among all soil tests, consolidation tests require the longest amount of time. If consolidation test 

results can be estimated from physical test results, the test only requires undisturbed test 

specimens, this is a relatively simple test method, and moreover the Its results can be quickly 

achieved, which will be very useful. Skempton proposed the correlation formula (54) which is the 

relationship between compression index Cc and yield limit wL. 

 (54) 

in there: 

Cc is the compression index; 

wL is the liquid limit. 

Equation (138) can be applied to clay samples reconstituted and consolidated in the laboratory, 

or to newly formed clay soils by artificial backfill, but it tends to evaluate either Excessive or 

inadequate compaction properties of naturally acquired clays. 

The reason why naturally cohesive soils have greater compaction index values than fresh clay 

soils is that during the sedimentation process that occurs over many years, a structure is formed 

due to the reacts over time like cementation. When this structure is destroyed as a result of 

consolidation pressure exceeding the consolidation yield stress, high compression is achieved. 

5.12.2.2.3 Shear resistance properties 

The shear strength parameters of soil are determined by classifying soil into sandy soil and 

cohesive soil. The shear strength of sandy soil is determined under drained conditions while the 

shear strength of cohesive soil is determined under undrained conditions. 

In general, the hydraulic conductivity of sandy soil is 103 to 105 times that of cohesive soil. For 

sandy soil layers, excess water in the pores is considered to drain completely during construction. 

On the other hand, for cohesive soil layers, the situation is different. Drainage during construction 

is almost not expected because the hydraulic conductivity is very low. Therefore, in many cases 

the shear strength of a sandy soil layer is evaluated using the shear angle under drained 

conditions ßD and the cohesion under drained conditions cD. Since cD values are often very 

small, it is common practice to ignore cD and only use ßD as the intensity parameter. 

In the case of a saturated cohesive soil layer, the shear strength of the lower layer hardly changes 

between before and after construction, because water cannot be drained during construction. 

Therefore, the undrained shear strength before construction is used as the strength parameter. 

For intermediate soils with permeability somewhere between sandy and cohesive soils, the soil 

should be considered sandy or cohesive based on the permeability coefficient and construction 

conditions. 

5.12.2.2.3.1 Shear strength 

The shear strength of soil is often expressed by the following formula: 
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    (55) 

in there: 

 is the shear strength; 

c is the apparent cohesion or cohesion; 

 is the shear angle (Á); 

ů is the normal stress on the cutting surface. 

When a stress is applied to a soil, the stress acting on the skeletal structure of the soil particles, 

called the effective stress, and the pore water pressure, both change. If the total total stress 

applied to the soil is expressed as ů, the effective stress is expressed as ů' and the pore water 

pressure is expressed as u, the following formula can be established: 

   (56) 

   (57) 

in there: 

ů is the total stress; 

ů' is the effective stress; 

u is the pore water pressure. 

In formula (55), the strength constants, such as , vary depending on the conditions in the shear 

tests, but the condition with the greatest impact is the soil drainage condition. Because soils tend 

to change volume known as "swelling" while being sheared, the shear strength of a soil depends 

largely on whether or not there is a change in the soil's volume during shearing. Drainage 

conditions are classified into the following three categories and different intensity parameters are 

used for each case: 

- Condition 1: no consolidation, no drainage (UU condition) according to TCVN 8868. 

- Condition 2: consolidated, no drainage (CU condition) according to TCVN 8868 

- Condition 3: consolidation, drainage (CD condition) according to TCVN 8868. 
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Figure 18 - Relationship between drainage conditions and shear strength 

In Figure 18, the composition diagrams are shown for the shear strength when direct shear tests 

were performed under drained condition 1; 2; 3. In the figure, the change in shear strength with 

increasing or decreasing normal stress ů is shown on soil samples that have been consolidated 

before reaching pressure p0. 

As shown in the figure, in unconsolidated, undrained condition 1, the shear strength is constant 

and does not depend on ů. In the case of condition 2 of consolidation and no drainage, in the 

range p0<ů, the shear strength increases linearly as ů increases. In condition 3 of consolidation 

and drainage, the complete shear strength is greater than in conditions 1 and 2, and this is 

because the void ratio is reduced by consolidation or shear in the case of weakly cohesive soils 

or loose sand. However, when ů is much smaller than p0 (in the figure, the limit of this normal 

stress is designated as ů*), the shear strength under consolidated drainage condition is smaller 

than the strength under consolidated drainage condition. The consolidated condition does not 

drain due to the impact of expansion during cutting. Summing up this relationship for the ranges 

ů, we obtain the following: 

(a) In the range p0<ů, specifically the applied load is larger than the compression before 

consolidation; condition 1 < condition 2 < condition 3. 

(b) In the range ů*<ů<p0, namely the applied load is slightly less than the previous consolidation 

pressure; condition 2 < condition 1 < condition 3 or condition 2 < condition 3 < condition 1. 

(c) In the range ů<ů*, namely the applied loads are much smaller than the previous consolidation 

pressure; condition 3 < condition 2 < condition 1. 

The shear strength used to test soil performance should be the shear strength for the most 

dangerous drainage conditions expected to occur under a given load. Drainage conditions and 

shear strength will then be as follows: 

(a) When loading occurs rapidly on ground with cohesive soil 

Because consolidation progresses and shear strength increases with the passage of time, the 

most dangerous time will be immediately after loading, when almost no drainage occurs. This is 

called the short-term stability problem. The shear strength at this time is taken to be equal to 

the shear strength cu determined from unconsolidated undrained (UU) tests using samples before 

loading. The parameter cu (undrained shear strength) is also called apparent cohesion and 

analysis using cu is also called ñmethod = 0". Construction of sea dikes or breakwaters that 

There is no need to dig, embank, and build dikes on soil with weakly cohesive soil of this type. 

(b) When the soil permeability is high or when drainage from the consolidated layer is almost 

completed during the construction period because the loading is done very slowly. Since drainage 

from the soil layer occurs simultaneously with loading and the soil layer strength is expected to 

increase with loading, it is recommended that structures be tested using cD and D determined 

under fixed conditions. cohesion and drainage (CD). Construction of sea dikes or breakwaters, 

earth embankments and dikes on sandy soil falls into this category. 

(c) When the hydraulic conductivity of the ground is poor and the load is removed to reduce the 

normal stress ů on the shear plane. In this case, the most dangerous situation is after a long 

period of time has passed, when the soil absorbs water, expands, and loses its shear strength, 

this is called the long-term stability problem. As shown in Figure 57, the undrained shear strength 

becomes lowest after water absorption and soil expansion at a small overconsolidation ratio, or 

in other words, ů is slightly less than p0. Therefore, in this case, the cu value should be used 

considering soil expansion. Maintaining and excavating soil in clay-based soils or removing loads 

previously applied to cohesive soil-based soils falls into this category. On the other hand, in the 
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case of very heavily overconsolidated soils where ů is very small compared to p0, the parameters 

cD and D are used to test the performance because the shear strength under drained 

consolidation conditions is the smallest. . Typically this applies to cases where earth cutting 

methods are used but it also applies to construction works in coastal areas such as sea dikes at 

deeper depths and dredging of land on the seabed. 

In most cases for normal construction conditions of port facilities, the undrained strength under 

UU conditions of (a) is used to test the performance for cohesive soils and parameters The 

strength under CD conditions of (b) is used for sandy soils. The following formulas show the 

corresponding strength calculation methods: 

a) For cohesive soil with sand content less than 50% 

 (58) 

in there: 

Ű is the shear strength; 

cu is the undrained shear strength. 

b) For sandy soil with sand content higher than 80% 

(59) 

in there: 

Ű is the shear strength; 

ů is the stress normal to the sliding plane; 

u is the hydraulic pressure at the construction site; 

 D is the shear angle for drainage conditions (Á). 

Furthermore, because soil with sand content between 50 % and 80 % exhibits intermediate 

properties between sandy and cohesive soils, it is called intermediate soil. Assessing the shear 

strength of intermediate soils is difficult compared to assessing the strength of sandy or cohesive 

soils. Therefore, the shear strength for this soil should be carefully evaluated by looking at the 

most recent research results. For intermediate soils that can be treated as cohesive soils, it is 

better to utilize the results of triaxial CD tests etc. rather than to evaluate the shear strength from 

the unconfined compressive strength. 

5.12.2.2.3.2 Shear strength of sand 

Since sandy soil has a high permeability coefficient and is considered under completely drained 

conditions, the shear strength of sand is shown in expression (58). The shear angle D for 

drained conditions can be determined using the triaxial CD test under consolidation and drainage 

conditions. Since the value of D becomes large when the void ratio of sand becomes small and 

its density becomes high, the void ratio e0 in the field should be accurately determined. Therefore, 

it is best to obtain and test a sample as-is. 

Although the values of D sand of the same density will vary slightly with shear conditions, the 

ßD value was determined by a triaxial CD test performed with a consolidation pressure 

corresponding to the conditions. The design has an as-is sample, which can be used as design 

parameters for stability analysis. However, in cases where the bearing capacity for foundations is 
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heavily influenced by progressive failures, the bearing capacity is overestimated in some cases if 

the D value is determined by a The triaxial CD experiment is used directly as a design parameter. 

Compared to the case of cohesive soil, sampling undisturbed sand samples is technically difficult 

and also very expensive. This is the reason that the shear strength for sandy soils is often 

determined from the N value of a standard penetration test rather than from a laboratory soil test. 

For the formula for determining D from N values, refer to 5.12.2.2.4 Method for Interpreting N 

Values. 

5.12.2.2.3.3 Shear strength of cohesive soil 

Soil with a percentage of clay and silt greater than 50% is considered cohesive soil. There are 

several methods, as presented below, for determining the undrained shear strength cu of 

cohesive soils. 

An appropriate method should be chosen considering factors such as past experience, soil 

characteristics and the importance of structures. 

a) qu method 

This method uses the average value of the hip compression strength. The undrained shear 

strength cu used for performance verification is given by the following formula: 

 (60) 

in there: 

cu is the undrained shear strength; 

qu is the average value of the side compression strength. 

In compression expansion tests, expansion pressure is applied on the test sample and therefore 

the resulting strength may be very small due to dispersion of the sample. It is difficult to apply to 

clays sampled from depth such as hard Pleistocene clays where cracks can easily appear. 

Caution should be exercised for application on intermediate soils with high sand content as it may 

not be possible to maintain the effective stress in the test specimen and therefore only a very 

small shear strength may be determined. In this case, it is better to use other testing methods 

such as triaxial testing or direct shear testing. 

b) Method using strength from triaxial tests taking into account initial stress and anisotropy: 

The analysis of the stability of an embankment on clay soil using a circular sliding surface, as 

shown in Figure 19. The increased vertical stress results in direct shear below the embankment, 

so it can be assessed The shear strength rating corresponds to this by the triaxial undrained 

compression test (CUC test), although strictly speaking there are deviations in plane strain and 

axial symmetry. On the other hand, shear occurs at the end of the arc, in other words near the 

base of the slope, due to the increase in horizontal stress, so this shear can be evaluated by 

triaxial undrained tensile consolidation test. (CUE). Of course, there are deviations in plane strain 

and axial symmetry, and there are large deviations in contrast to the triaxial tensile tests, in which 

the axial force decreases, while the dike fails and the lateral stress increases. Near the bottom of 

the arc, the deformation pattern is neither compressional nor expansionary, but produces near-

horizontal shear. So it is possible to evaluate this by a direct shear test or a simple shear test. 
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Figure 19 - Stability and strength anisotropy issues for an embankment built on a clay 

base 

The shear strength su* used in verifying the performance of port structures can be the average 

value of the compressive strength suc determined from a compression test and the expansion 

strength suc determined from a test. The tensile test will be calculated as follows: 

  ( 61a ) 

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

             (61b ) 

in there: 

su* is the shear strength; 

suc is the compressive strength; 

sue is the swelling resistance strength; 

sus is the direct shear strength. 

For most soil types, the triaxial swelling resistance sue is about 70% of the triaxial compressive 

strength suc During sampling, it is impossible to avoid interference of a test sample at a certain 

scale, even when efforts have been made to reduce it. In addition, it has long been said that the 

undrained compression test lacks reliability, but performance verification methods frequently rely 

on them, because in the present situation other methods cannot be chosen. As a method of 

determining undrained shear strength, the so-called "recompression method" is considered the 

most reliable of the currently proposed test methods. This method is based on on the thought that 

by recreating the same stress condition as the test specimens taken in their original position, it is 

possible to further reduce the interference effect in the test specimens by consolidation. 

Elements in the ground surface depend on the effective stress of the vertical soil cover ů'v0, and 

the horizontal soil pressure at rest ů'h0 (=K0ů'v0). A sample taken has zero stress under 

atmospheric pressure, and the isotropic residual stress due to suction is still maintained to a 

certain extent. However, by consolidating to ů'1=ů'v0, ů'3= K0ů'v0 in the triaxial testing apparatus, 

undrained shear tests can be performed with the same stress state has the same effect as in the 

original copied position. The effective overburden pressure ů'v0 can be calculated from the specific 

gravity of the test samples taken. However, a problem at this stage is how to determine the earth 

pressure coefficient K0. Several methods of determining the coefficient from field tests have been 

proposed, but it is also possible to determine the coefficient from a laboratory K0 consolidation 
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test using a triaxial box. Here, the consolidation test K0 is an experiment in which the axial 

pressure ů3 is controlled so that the cross-sectional area of the specimen does not change when 

the axial pressure ů1 or axial strain Ů1 increases.ШHowever, the K0 obtained by this method is the 

K0NC for the normal consolidation state, which is usually expressed as K0, so it should be known 

that it is not the K0 for soils with time effects as in real soils. international. In Japanese clays, K0 

under normal consolidation conditions is mostly in the range of 0.45 to 0.55. 

The recompression method can also be applied to direct shear testing. In this case, the change 

in diameter of the test specimen is resisted by the shear ring, so by simply making the 

consolidation pressure equal to the effective overlying soil pressure ů'v0, it is not necessary to 

know K0 . 

Although the undrained shear strength (qu/2) obtained from an undrained compression test has a 

large total variation, the average value is roughly similar to the suc and sue average values of the 

shear strength. undrained obtained from triaxial compression and tensile tests using the 

recompression method with ů'v0 and K0ů'v0 consolidation is capable of recreating the same stress 

condition as the specimen in its original position. The reliability of the experimental results using 

triaxial and tensile compression tests using the recompression method, whose mechanical basis 

is clearer, is slightly higher than the reliability from non-recompression tests. Drainage. Triaxial 

tests are given priority to verify the performance of port structures. 

c) Method using strength from a direct shear test: 

This method uses the ŰDS strength determined by a direct shear test after the undisturbed sample 

is unidirectionally consolidated under the pressure of the overlying rock layer effective in the field. 

The direct shear test can be performed according to TCVN 4199. The undrained shear strength 

used to verify the performance is given by the following formula: 

 (62) 

in there: 

The value 0.85 is a correction factor related to the cutting speed effect. 

d) Methods of combining compressive strength with side expansion and strength from 

triaxial compression tests 

One problem with the qu method is that testing reliability is low in soils without prior records, 

because testing is subject to disturbance during sampling. To solve this problem, a combined 

method can be used to determine the strength by comparing the qu of undisturbed samples with 

the strength from a triaxial CU test and evaluating the quality of the sample. In this method, the 

sample is isotropically consolidated by the average effective stress in the field 2ů'v0/3 when 

K0=0.5, then the CU triaxial consolidation test is performed under zero compression conditions. 

Drainage. The undrained shear strength thus obtained must be adjusted empirically by multiplying 

by 0.75. In other words, as is the case with the direct shear test, for this triaxial test the measured 

values must undergo preprocessing to reach the converted values. This method is used for 

natural soils and is not applicable to unconsolidated improved soils. 

e) Method for determining undrained shear strength from a field wing shear test: 

A wing shearing experiment is performed as described in 6.1.3 Selection of survey methods. The 

average value of the obtained shear strength cu(v) can be used to verify performance such as the 

undrained shear strength cu. A wing clipping experiment can be conducted in the field quite easily 

with the flexibility of a field site. The test can determine the shear strength for very weak clays 

that cannot be performed by a compression test with expansion due to the difficulty in performing 

sample separation. It can therefore be applied, for example, to construction management where 

land is being improved using vertical drainage systems. Although the experimental method and 
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principle are simple, attention must still be paid to the impact of wall friction. It is necessary to find 

ways to reduce friction and measure its effects. 

Each method has its own characteristics, which must be considered relevant in order to choose 

the most suitable one. 

The undrained shear strength cu of cohesive soil increases during the consolidation process, and 

the higher the consolidation load, the greater the strength cu after consolidation. Therefore, 

consolidation pressure increases with depth as the pressure of the overlying soil layer increases, 

so normally the cu strength of clay-based soils increases with depth and the distribution of 

undrained shear strength. used in performance testing is often expressed by the following 

formula: 

 (63) 

in there: 

cu is the undrained shear strength at depth z compared to the surface of the clay layer; 

cu0 is the undrained shear strength at the surface of the clay layer; 

k is the ratio of intensity increase cu to depth z; 

z is the depth from the surface of the clay layer. 

5.12.2.2.3.4 Increase in cohesive soil strength due to consolidation 

The undrained strength of cohesive soil will increase as consolidation progresses. For soil 

improvement methods such as the vertical drainage method, the ratio of increase in strength cu/p 

by consolidation is an important parameter because the strength is increased by pore drainage 

through consolidation. conclude. Naturally deposited cohesive soil may be slightly over-

consolidated, or even if it is normally consolidated in terms of stress history, it may be considered 

over-consolidated with an elastic consolidation stress p clarge due to time effect. 

For this reason, the rate of increase in strength becomes a characteristic parameter of cohesive 

soils in the case of slight overconsolidation through normalization and not by the pressure of the 

overlying soil layer with an effective ů'v0 equivalent to consolidation pressure which is equal to the 

consolidation elastic stress pc (m=cu/pc). The larger the cu/pc value - a soil property parameter 

used in the vertical drainage method that increases strength, the greater the strength increase 

ratio and the more effective the soil improvement work is expected to be. From past experience 

in research and field results of marine clays in Japan, the cu/pc value (regardless of plasticity) is 

within the range shown by the following formula This: 

 (64) 

From a practical point of view, the overconsolidation ratio OCR of naturally deposited cohesive 

soils is typically between 1.0 and 1.5, and ů'v0 = pc/OCR, therefore, the data in Figure 59 Provide 

correct proof for expression (148) 
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Figure 20 ï Relationship between plasticity index and cu/ů'v0 

5.12.2.2.3.5 Reduction in strength of cohesive soil due to swelling 

If the load is removed after consolidation, the cohesive soil absorbs water and swells over time, 

causing Cu to decrease. In addition, the time required for swelling is significantly shorter than the 

time required for consolidation. The drainage conditions of this case correspond to the left part of 

equation (64) as shown in Figure 20, so it is necessary to evaluate the possible strength reduction 

that occurs after swelling. Specifically, the removal of load at the end of consolidation in land 

reclamation works such as vertical drainage or preloading methods, excavation for earth retaining 

wall structures, and dredging deeper into the seabed, etc., corresponding to this situation. 

5.12.2.2.3.6 Intermediate soil strength 

Soils with sand content between 50% and 80% are intermediate between sandy soils and 

cohesive soils. For this type of soil, the permeability coefficient and design conditions are taken 

into consideration to determine whether the soil is sandy or cohesive. Then, the shear strength is 

determined accordingly. For intermediate soils with a large sand content or coral gravel, the 

hydraulic conductivity determined from a loaded oedometer test often gives an underestimated 

value, due to the limitations of the conditions. experiment. 

It is better not only to improve the testing methods but also to conduct a field permeability test or 

a TCVN 9846 electric cone penetration test to determine the permeability coefficient. 

When the permeability coefficient determined by this type of method is greater than 10-4cm/s, the 

soil is considered permeable. Therefore, theD value determined from an electric cone 

penetration resistance - or a CD triaxial test can be used as design parameters related to cD= 0. 

According to experience in surveying soil properties In Japan, in many cases the D value is 

greater than 30o. 

When the permeability coefficient is below 10-4cm/s, intermediate soil performance testing should 

be carried out as for cohesive soils. Because the effect of stress release during sampling is much 

larger in intermediate soils than in cohesive soils, the shear strength determined by the qu method 

has not been properly evaluated. 

A correction method is used for the strength of such intermediate soils with sand fraction as large 

as the average of the clay fraction and plasticity index. However, it is better to use the method 

combined with compression test with side expansion and triaxial compression test or direct shear 

test as a method to evaluate the strength of intermediate soil. 
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5.12.2.2.4 Method for interpreting N values 

The shear angle for sandy soils is calculated using the following formula from a standard 

penetration test value. 

  (65) 

in there: 

  is the shear resistance angle of sand (Á); 

N is the standard penetration test value; 

ů'v0 is the effective pressure of the overlying soil layer at the depth where the standard penetration 

test is performed (kN/m2); 

The relationships between N values and many soil parameters have been established using data 

at different locations. However, when using these relationships, it is necessary to consider the 

underlying data of their origin and the soil conditions of the data and confirm their scope of 

application. As can be seen in Dunham's formula, which has been commonly used for many years, 

the value was determined directly from the N values without considering the effective 

overburden pressure ů'v0 .However, since the relative density Dr varies with ů'v0 as seen in Figure 

21, ů'v0 must be considered to determine Dr from a value of N. This concept is used in the 

evaluation of liquid. In this assessment, the liquefaction resistance is tested from N65, which is 

equivalent to the N value converted to the N value when the effective overburden pressure ů'v0= 

65 kN/m3. 

Similarly, it is well known that even in soils with the same , the N value increases with an 

increase in the effective overburden pressure. Therefore, the influence of ů'v0 must be taken into 

account when determining from N values. 

 

Figure 21 - Effect of overburden effective pressure and relative density on N values 

Coefficients that affect N values 

Factors affecting N values overlap, and quantitative correction methods for these coefficients 

have not been developed. However, to understand N values, the influence levels of important 

influence coefficients are as follows: 
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(1) Density 

As the density, relative density, of the soil increases, especially for sandy soils, the N value 

increases. 

(2) Water content 

In addition to compacted fine sand and silt soils, the N value increases in the order of saturated 

sand, dry sand, and wet sand. 

(3) Overlying soil pressure is effective 

The N value increases when the overlying soil pressure is effective. 

(4) Influence of underground water level. 

As the water table fluctuates, the effective overburden pressure and soil saturation level change, 

so the N values also change. 

(5) Other influencing factors 

The N value varies with soil particle form, particle size distribution and soil mineral composition. 

(6) Shear resistance angle of sandy soil 

The shear angle is an important constant for soil performance testing, similar to the undrained 

shear strength of clay soils. However, it is a complex value that is subject to many factors, and 

even the same type of soil will not have a constant value. Therefore, it is necessary to fully 

investigate the underlying data to establish performance validation methods, such as what 

conditions are assumed in usability testing methods. 

(7) N value of cohesive soil 

Compared with sandy soil, the N value of a cohesive soil is small and its reliability is low. According 

to previous experience and experimental results, if qu is 100kN/m2 or lower, measuring the N value 

is difficult. In cohesive soils with qu value, this is when soft cohesive soil is found by taking test 

samples with a standard permeability test type sample during a preliminary investigation, or when 

conducting laboratory tests. experiment to know the physical properties, this is very meaningful, 

but only from the N value it is impossible to determine the strength and other mechanical ground 

constants. In the case of a high-strength Pleistocene clay, the previous depositional environment 

and stress history have changed a number of times. Therefore, even within the same stratigraphy, 

the soil properties are not uniform, and a state of over-consolidation unrelated to the current 

effective pressure of the overlying rock layer is often observed. Therefore, N values and soil 

properties vary greatly with only small changes in location or depth.ШIn addition, hard soil sampling 
techniques are difficult, and cracks can easily become solid in test samples. In Japan, the strength 

of rigid cohesive soils is often evaluated using the qu value, but the qu value is easily affected by 

the quality of the test samples. 

5.12.2.3 Dynamic analysis 

5.12.2.3.1 Dynamic deformation module 

(1) For seismic response analysis, an appropriate soil dynamic deformation modulus will be 

determined to stipulate the relationship between shear stress and soil shear strain. 

(2) Seismic performance testing can generally be roughly classified into static performance testing 

methods and dynamic performance testing methods. An example of static performance 

verification methods is the seismic coefficient method which assumes the earthquake force acting 

on the ground or structures in the form of a static potential force and the stability is tested from 
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equilibrium of forces. On the other hand, in dynamic testing methods, the dynamic amplification 

coefficients or amplification values of acceleration, speed and deformation of the ground are 

shallower than the bedrock and foundation soil for Structures are calculated to test the stability of 

the ground or structures. 

As for the seismic response analysis method, both time domain analysis and frequency domain 

analysis are used. For either method, a relationship between shear stress and shear strain of the 

soil is required. 

Typically, the relationship between shear stress and shear strain in soil subjected to dynamic 

effects is described by a skeleton curve and a hysteresis curve, as can be seen in Figure 61(a). 

A frame curve will show notable nonlinearity as the shear strain amplitude becomes larger. Since 

the dynamic strain modulus dictates this relationship between shear stress and shear strain, it 

must be applied appropriately when conducting a seismic response analysis. 

(3) Relationship between dynamic shear stress and shear strain of soil 

There are many models for applying soil shear stress and shear strain curves to analysis, such 

as the hyperbolic model known as the Hardin-Dornevich model and the Ramberg-Osgood model. 

(4) Method for expressing deformation characteristics in an equivalent linear model 

To evaluate the behavior of the ground during an earthquake, the nonlinearity of the relationship 

between dynamic stress and soil deformation for a wide range of shear strain amplitudes must 

be evaluated and modeled appropriately. . The relationship between dynamic stress and soil 

deformation is expressed by two parameters: shear modulus and damping coefficient in the 

equivalent linear model. The shear modulus G and damping coefficient h are determined with the 

shear strain amplitude by expression (66) and expression (67) as shown in Figure 22(b). 

      (66) 

     (67) 

in there 

G is the shear modulus (kN/m2); 

Ű is the shear stress amplitude (kN/m2); 

Ẳ is the shear deformation amplitude; 

h is the damping coefficient; 

W is the strain energy (kN/m2); 

ȹW is the damping energy (kN/m2). 

Since the values of the shear modulus G and damping coefficient h vary non-linearly depending 

on the value Ẳ, a curve G/G0~Ẳ and a curve ah~Ẳ are usually drawn as shown in Figure 62 , 

where G0 is the shear modulus at Ẳ =10-6. 
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Figure 22(a) - Stress-strain curve 

 

Figure 22(b) ï Shear modulus and damping coefficient 

 

Figure 23 ï Shear modulus, damping coefficient and shear strain amplitude 
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(5) Measure the shear modulus and damping coefficient 

The shear modulus and damping factor must be determined by laboratory tests such as 

resonance or cyclic triaxial tests, or by field tests using waves. elasticity such as the PS probe 

method or the through-hole velocity measurement method. Laboratory tests can be used to 

measure shear moduli and damping coefficients for a wide range of shear strain amplitudes from 

10-6 shear strains to failure although it must be obtained original samples in the field. Experiments 

can also be used to evaluate changes in dynamic deformation moduli due to the construction of 

structures. For cyclic triaxial tests, the shear modulus is determined from the following formula: 

   (68) 

in there: 

G is the shear modulus (kN/m2); 

ůa is the axial stress amplitude (kN/m); 

Õ is Poisson's coefficient; 

Ůa is the axial strain amplitude. 

For Õ, a value of 0.33 is typically used for a drained condition and 0.45 is used for an undrained 

condition. 

The damping coefficient is calculated from formula (67) with W and ȹW determined from the same 

stress-strain curve in Figure 22(b). 

Field testing was limited to measurements of shear moduli corresponding to only 10-6 shear strain 

amplitude levels. Such tests have not been put into practical application to measure the shear 

modulus and damping coefficient for large shear strain amplitudes. But such experiments have 

the advantage of being able to measure values in the field directly. They are also used to calibrate 

shear moduli obtained from laboratory tests. The elastic constant of the ground is determined by 

the formulas (69) to (71) from the data of elastic wave velocity measurements by Õseismic 

exploration using boreholes. 

   (69) 

      (70) 

   (71) 

in there: 

Vp is the longitudinal wave velocity (m/s); 

Vs is the horizontal wave velocity (m/s); 

G0 is the shear modulus (kN/m2); 

Eo is Young's modulus (kN/m2); 

Õ is Poisson's coefficient; 

ɟ is density (t/m3); 
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Ẳt is wet specific gravity (kN/m3); 

g is the acceleration of gravity (m/s2). 

There are various issues that need to be taken into account regarding measurements when 

carrying out elastic wave exploration on soft seabed ground. These issues include methods of 

receiving and vibrating elastic waves such as longitudinal and transverse waves, the accuracy of 

wave profile readings, and methods of protecting boreholes. 

(6) Simple estimation of shear modulus and damping coefficients. 

In cases where it is difficult to directly measure the shear moduli and damping coefficients of soils 

from laboratory or field tests, there are methods for estimating them from the plasticity index. , 

void ratio, compressive strength with expansion and N value. However, it should be understood 

that in the estimation methods from N value, the estimated values vary widely, and the coefficient 

of variation is about 0 ,2. For example, based on the variation of N value and S-wave velocity by 

author Imai, for each soil type, the verification of the estimated error accuracy of S-wave velocity 

is shown for Holocene sand. and clay in Figure 24. The horizontal axis shows the ratio of 

estimated values of S-wave velocity converted from N values and actual values. For Holocene 

sandy soils, the average value of the ratio is 1.12 with a standard deviation of 0.29, an extremely 

large deviation. For Holocene clays the mean value of the ratio is 0.95 with a standard deviation 

of 0.32. In both cases, the statistical distribution can be considered a standard logarithmic 

distribution. 

 

Figure 24 - Estimated accuracy for S-wave velocity 

5.12.2.3.2 Dynamic intensity characteristics 

(1) The strength of soil against dynamic external forces is usually determined through laboratory 

experiments. In this case, it is necessary to properly determine the characteristics of external 

forces and ground conditions. 

Typical dynamic external forces encountered in ports and harbors are seismic displacements and 

wave forces. The characteristic to determine seismic displacements is a short period and cyclic 

repetition, while the characteristic to determine wave force by a long period and repeated many 

times cyclically. Currently, these dynamic external forces are often converted into static effects as 

in the seismic coefficient method. However, there are cases where it is necessary to treat them 

as dynamic loads such as in liquefaction analysis or in the analysis of strength reduction of 

cohesive soils of foundation soils beneath structures exposed to waves. In such cases, the 

dynamic strength of the soil is often determined by cyclic triaxial tests. When conducting cyclic 

triaxial tests, the undrained cyclic triaxial test method according to ASTM D5311 may be used. 
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5.13 Earthquake 

5.13.1. General 

When designing port facilities, the effects of earthquakes must be carefully studied so that the 

structure maintains adequate seismic resistance. 

1) The following issues must be considered when studying the seismic resistance of a structure: 

a) Earthquake level in the region, earthquakes that need to be considered in analyzing ground 

motion during earthquakes, etc. 

b) Soil conditions at the construction site 

c) The importance of the project (based on a comprehensive assessment of social and economic 

importance) 

d) Seismic resistance of the structure. 

2) Research items related to seismic resistance analysis include: 

a) Stability of the entire project 

b) Anti-slip stability of soil 

c) Effect of liquefaction on structural stability 

d) Stress in structural components 

e) From an operational point of view, the relative displacement of different parts either between 

adjacent structures or with the soil. 

3) Seismic resistance of port structures must be studied taking into account the dynamic 

characteristics of the structures using the method given in 5.13.3 Seismic coefficient method. In 

cases where seismic design is required and the structure is of great importance, it is necessary 

to refer to dynamic analysis methods such as earthquake deformation method, improved 

earthquake coefficient method or response analysis method. Dynamics of the soil-structure 

system as in OCDI 2009 

4) For structures such as gravity-type piers that are relatively stiff and whose amplitude of vibration 

is small compared to the ground motion during an earthquake, the seismic resistance must be 

considered using the earthquake coefficient in 5.13. .4 Design seismic coefficient and method in 

5.13.3 Seismic coefficient method 

5) For structures with a natural period close to the dominant period of earthquake motion and 

characteristic of small damping, or for structures with a relatively long natural period, the strength 

of the earthquake must be studied. seismic resistance using the modified earthquake coefficient 

method given in 5.13.3 Seismic coefficient method in considering the earthquake response 

characteristics of the structure. 

5.13.2. Earthquake resistance of port structures and port tanks in design 

Port structures and port tanks must be able to maintain the necessary structural stability without 

losing their function when subjected to earthquake displacement. 
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Table 12 - Earthquake-induced movements and earthquake resistance of port and port 

tank structures that must be considered for design 

 

5.13.3. Earthquake coefficient method 

The earthquake coefficient method is used to determine earthquake loads for structures with a 

relatively short natural period and a large damping coefficient. In this case, the earthquake load 

must be determined using the earthquake coefficients specified in 5.13.4. The design earthquake 

coefficients and calculations according to (a) or (b) below cause the most unfavorable conditions. 

port structure, the load impacts on the center of gravity of the project 

a) Earthquake load = earthquake coefficient x self weight 

b) Earthquake load = earthquake coefficient x (self weight + live load) 

Note: The influence of the vertical component of earthquake motion on structural stability is very 

complex, combining both the structure type and the horizontal component simultaneously. 

Therefore, there must be a more rigorous research method in using the vertical earthquake 

coefficient to include vertical earthquake loads. 

However, for practical earthquake design, the vertical earthquake coefficient is not included in the 

calculation to avoid complications, because monitoring results have shown that, except for areas 

near the epicenter, the vertical component The vertical component is not larger than the horizontal 

component. In addition, based on existing research and experience, the horizontal earthquake 

coefficient in 5.13.4 The design earthquake coefficient is determined considering the influence of 

vertical earthquake motion. Therefore, the use of horizontal seismic coefficients is sufficient to 

determine earthquake loads in the design of conventional port structures. 

5.13.4. Design earthquake coefficient 

1) The design earthquake coefficient is calculated according to the acceleration peak, so the 

reference agR on type A foundation (base rock) is taken from the acceleration zoning map of the 

territory of Vietnam or taken from the zoning map Small earthquakes of some territories approved 

by competent authorities. 

NOTE: According to the design ground acceleration value ag = Сi Ĭ agR, divided into three earthquake cases: 

- Strong earthquake ag Ó 0.08g, seismic resistance must be calculated and constructed; 

- Weak earthquake 0.04g Ò ag< 0.08g, only need to apply mitigation anti-seismic solutions; 

- Very weak earthquake ag < 0.04g, no seismic design required. 

2) The earthquake coefficient is the horizontal earthquake coefficient determined by the formula 

below. The value of the coefficient must be expressed as a two-digit number by rounding if the 

third number is five or more or omitting if it is less than five. 

Earthquake coefficient (kh )= regional earthquake coefficient (kh1) x soil condition coefficient (Ẳs) 

x importance coefficient (Ẳi) 

The regional earthquake coefficient is calculated according to formula (72): 
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kh1 = agR / g (72) 

in there: 

agR is the peak ground acceleration; 

g is the gravitational acceleration. 

Table 13 - Soil condition coefficients 

 

Table 14 - Soil classification 

 

NOTE: In the above tables, "weak soil" is sandy soil with N value of SPT test less than 4 or cohesive soil with free 

lateral compressive strength less than 20 kN/m2. When the ground consists of two or more layers, the soil type must 

be determined according to which layer has the greatest thickness. If the foundation soil consists of two or more layers 

of almost equal thickness, the soil type must be determined according to which soil layer has the largest soil condition 

coefficient value in those layers. 

Table 15 - Importance coefficient 

 

3) When in the earthquake coefficient method there is a requirement to consider the use of vertical 

earthquake coefficients, the vertical earthquake coefficient must be determined appropriately by 

considering the structural characteristics, properties land etc... 












































































































































































































































































































































































































































































































































































































































































































































































































