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NATIONAL STANDARD       TCVN 11820-5:2019   

 

Marine Port Facilities - Design Requirements - Part 5: Wharves 

Công trình cảng biển - Yêu cầu thiết kế - Phần 5: Công trình bến 

1 Scope of apllication 

This standard part is applicable to the basic design of the new construction and improvement of marine 

port facilities include gravity type quaywall, sheet pile quaywall, open-type wharves on piles and others. 

2 Relevant documents 

The following relevant documents is essential for applying this standard. They will be applied the version 

in specified years if included otherwhile the latest version which are amended and supplemented (if any). 

Vietnam standards of Port and Harbour Facilities TCVN11820 which is quoted in this standard includes: 

TCVN11820-1: 2017, Marine Port Facilities - Design Requirements - Part 1: General Principles; 

TCVN11820-2:2017, Marine Port Facilities - Design Requirements - Part 2: Loads and Actions; 

TCVN11820-3:2018, Marine Port Facilities - Design Requirements - Part 3: Technical Requirements for 

the Materials; 

TCVN11820-4:2019, Marine Port Facilities - Design Requirements - Part 4: Foundation and soil 

improvement (Part 4-1: Foundation, Part 4-2: Soil Improvement); 

TCVN 9245, Steel pipe piles; 

TCVN 7888, Pretendioned spun concrete piles; 

TCVN 9395, Bored pile - Construction, check and acceptance; 

TCVN 9386-2012, Design of structures for earthquake resistances. 

PIANC Report No 22-1997, Guidelines for the design of amoured slopes under open piled quay wall. 

PIANC Report No 180-2015, Guidelines for protecting berthing structures from scour caused by ships. 

OCDI 2019, Technical Standards and Commentaries for Port and Habour Facilities in Japan 

BS EN 1992,  Design of concrete structures 

BS NA EN 1992, UK National Appendix to Eurocode 2 

BS EN 1993, Design of steel structures. 

BS NA EN 1993, UK National Appendix to Eurocode 3 

JSCE 2007, Standard specifications for concrete structures - Design. 

JSCE 2007, Standard specifications for steel and composite structures (first edition). 
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3 Symbols, terms and definition  

3.1 Terminology and Definitions 

This standard uses the terms and definitions outlined in TCVN11820-1:2017, TCVN11820-2:2017,  

TCVN11820-3:2018  and TCVN11820-4:2019. 

3.2 Symbol 

As explained in each particular formula. 

3.3 Abbreviations 

This standard uses abbreviations in TCVN11820-1:2017, TCVN11820-2:2017,  TCVN11820-3:2018  and 

TCVN11820-4:2019, and the abbreviations are defined below.  

Abb. Vietnamese English 

BTCT Bê tông cốt thép Reinforced concrete 

CDDB Cao độ đáy bến Seabed level 

CDMB Cao độ mặt bến Berth crown level 

DSTB Độ sâu trước bến Water depth 

MBL Lực kéo đứt nhỏ nhất của dây neo Minimum breaking load 

MND Mực nước dư Residual water level 

MNCTK Mực nước cao thiết kế Design high water level 

MNTK Mực nước thiết kế Design water level 

MNTTK Mực nước thấp thiết kế Design low water level 

OCDI Tiêu chuẩn kỹ thuật công trình cảng 
và bể cảng Nhật Bản 

Technical Standards and Commentaries for 
Port and Habour Facilities in Japan 

PIANC Hiệp hội Hảng hải quốc tế World Association for Waterborne Transport 
Infrastructure 

4 Dimensions of berths  

4.1 General principals 

1) In the design of mooring facilities, careful consideration shall be given to their relationship with 

navigation channels, basins, and protective facilities, their influence on topography, harbor and other 

facilities, and the environment in the neighboring locations, as well as the space for the future 

development of the port. 

2) In determination of the dimension of a mooring facility, the cargo and passenger trend, the ship size 

trend, and the change of transport system in future should be carefully examined. 

3) As the design of the berth facilities, the course of the ship navigation on the channel, in front of berth 

and the anchor zone must also be carefully considered so that the scale of the faclities is best suited. 

This ensures that the dimensions of the facilities are not too large to increase investment funding, nor is 

it too small to affect the operation of the ship during operation. 

(Draft)
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4) Layout of mooring facilities should be determined so that the ship maneuvering be easy for berthing 

and unberthing by carefully considering marine and atmospheric conditions, topography and subsoil 

conditions. The land transport network and the neighboring land utilization should also be carefully 

studied to determine the layout. When locating the following types of mooring facilities, the requirements 

specified in the respective paragraphs should be satisfied. 

5) Mooring facilities used by passenger ships should be isolated from the areas where hazardous 

cargoes are handled, and there should be secured a enough area of land in the vicinity of the facilities 

for waiting room and parking lots. 

6) Mooring facilities used by vessels loaded with hazardous cargoes should be in accordance with the 

following conditions: 

- They are isolated from such facilities as housings, schools; 

- The required safety distance from other mooring facilities and sailing vessels is secured. 

- Countermeasures against spills of hazardous materials are easily mobilized. 

7) Mooring facilities at which conspicuous dust and offensive odours may be generated during cargo 

handling works should be isolated from such facilities as housings, schools, and hospitals to preserve 

the good environment for daily living. 

4.2 Length of Berths  

1) The length of the berth must comply with the provisions in the "National technical regulation on marine 

port facilities”. 

2) Length of the straight alignment beth should be defined equal to 1.11.15 times the length of ship. In 

case of continuous berth, spacing between adjacent ships should not be less than 15m. 

3) Dimensions of vessels can be referred to Apendix L of TCVN 11820-2:2017 or the statistics of the 

vessel dimensions by PIANC or other organizations in the world released. 

NOTE 

1) When a vessel is moored parallel to a quay, the mooring ropes shown in Figure 1 are required. The bow and stern ropes 

are usually set at an angle of 30 to 45º with the quay face, because these ropes are used to prevent both the longitudinal 

movement (in the bow and stern directions) and lateral movement (in the onshore and offshore directions) of the vessel. 

 

NOTE 

A - Bow line, B - Stern line, C - Spring lines, D - Breast lines 

Figure 1 – Arrangement of Mooring ropes 

2) For foding berths or the wharf is docked on two sides, distance between folds or two sides of dock should not less than 

dimensions recommended in Figure 2. 

3) In case of a berth where flammable dangerous cargoes are handled, it is necessary to secure a distance with neighbor 

area following to current regulations and standards, guidances for specific cargo. 

(Draft)



TCVN 11820-5:2019 

14 

4) The dimensions of the waterfront and berth areas can vary depending on the location and natural conditions of the site 

construction. Therefore, in specific design cases, it is recommended to use simulation or numerical modeling tools when 

considering and assessing port water area dimensions. Figure 2 shows the dimensions of the berth area in case the harbor 

with favorable anchoring conditions. 

 

NOTE 

Bmax the widest of vessel (m) 

L the longest of veesel (m) 

H water depth (m) 

n slope of revetment 

Figure 2 – Dimension of berth and basin for small berth 

4.3 Design water level  

Design water level refers to section 5.3.2 of TCVN 11820-2:2017. 

4.4 Crown Heights of Mooring Facilities 

1) The crown of a mooring facility shall be set at an appropriate height that is suitable for the main 

dimensions of the target vessel and the natural conditions of the surrounding area. The tidal level that is 

used as the datum in the determination of the crown height shall be the mean monthly-highest water 

level. 

2) The crown of berth (CDMB) is defined by both the following regulations: 

CDMB = H1%  + 1.5 m (1) 

CDMB = H50%  + 2.0 m (2) 

Where:  

H1% and H50% in turn are water level of observation with the yield guarantee of 1% and 50% 

according to the hourly level, which is determined in accordance with 5.3.2 of TCVN 11820-2:2017. 

3) Elevation of wharf can be considered being higher when specifically considered to the elements 

below: 

- Unusual changes of water level due to storms, floods or rising water; 

- Equipment and technology of loading and unloading goods on the docks; 
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- Dimensions and features of the design vessel; 

- Subsidence (for the gravity berth structure); 

- The requirements for the repair and maintenance of the terminal works in the process of operating 

the operation; 

- The altitude of the neighboring dock works. 

4) In some cases where the port facility is constructed in an open sea or less covered area, the 

berth crown level may be higher so that the peak height of the wave design is not significantly 

affected, upper structure of the structure. 

5) In some cases, when required, the altitude of the terminal can be considered to increase the 

water level due to climate change. 

4.5 Water depth 

1) The water depth in front of a berth is determined from a low water level (refer to table 8 of TCVN 

11820-2:2017) according to the principle of adding an under-keel clearance reservation with the largest 

of the design ship's draft. 

2) The water depth is defined to be 1,1 of ship’s draft where the harbor is fully protected. In case of open 

sea where the habor is fully or partially impacted from waves, additional depths should be required to 

plus with 1.1 of ship’s draft. The additional depths can be defined using numerical models recommended 

by PIANC. In the case of rock or hard soil stratum at the seabed, this depth is added by a minimum value 

of 0,5m. 

3) If the area in front of berth is filled up with siltation and sedimentation, the depths needed to add a 

backup of a certain depth between the two maintainance dredging times. 

4) For the mooring areas where is not completely protected or resist the direct impact of waves, the 

motions of the ship during berthing and mooring at berth must be carefully considered. It is recommended 

to use the number models according to PIANC's recommendations to identify the motions. So, one 

reserveration must has been added to the water depths since the ship under keel clearance being 

affected by these motions 

5) The elevation of seabed in front of the berth is determined by equation (3): 

CDDB = MNTTK - DSTB (3) 

6) The datum system for measuring the depth of berth's faclities needs to be the high-altitude system 

used to execute faclities as was specified in section 5.3 of TCVN 11820-2:2017. 

NOTE 

1) In the detailed design phase, recommendations for the use of empirical formulas, numerical models or software introduced 

in the publication of PIANC to determine the basic dimensions of berths. 

2) The values of a berth length as well as the in-front depth of a berth for each type of vessel can be referenced in the 

OCDI's instructions. 

3) In addition to the provisions of this standard, the depth of a berth of the berth must be in accordance with the current 

regulations. 
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4.6 Dimensions of the water area in-front of berth 

1) The dimensions of the mooring area in-front of berth must be appropriate and compliant with 

applicable regulations. 

2) The width and length of the mooring water area is determined based on the largest size of the design 

vessel. The width of the waters in front of the wharf is usually obtained 1.5 to 2.0 times the width of the 

design ship. The length of the water can be obtained by 1.2 to 1.3 the length of the design vessel. 

3) In the case in front of the mooring area, the ship's anchorage size needs to be expanded to minimize 

the impacts from the waves operating on the fairway to the anchored ships and make cargo on the docks. 

The distance from the ship's edge to the edge was taken by approximately 2.0 times the largest design 

ship width (Bmax) in the case of the ship's speed of 4knots, and earned 4.0Bmax in the case of the velocity 

of the train running in 6knots. This impact should be appreciated by digital models to determine the size 

of the docked anchorage area accordingly. 

NOTE: Knots is the unit of velocity measurement of the vessel, 1 knots by 1.852km/hour 

4) The determination of the size of the waters in front of wharf should be noted for the projected 

consideration of the development needs of future fleets 

4.7 Width of the apron 

1) The apron width depends on the technology of loading/unloading system on the berth. For dedicated 

berth to use continuous loading technology (such as conveyor or pipeline), the width is determined by 

the width to adequately arrange the loading equipment plus the necessary traffic (for pedestrian or light 

trucks in the the operation, repair works). For the berths specializing in container and general cargo, the 

berth width is determined by the span size of the crane (the distance between the two rails cranes) plus 

the necessary traffic behind. 

2) For the onshore aligment berth, the apron width should not be taken over 50m. 

3) The dimension of apron width is only the relative concept. For the pier, the apron width is seen as the 

width of concerete deck, for gravity quaywalls and the sheet pile wall, the apron width is determined from 

the berth line to the border of the road behind 

4.8 Protection against Scouring 

1) In cases where in large scouring is anticipated at the front side of a wharf owing to the currents or 

turbulence generated by ship propellers, the front of the mooring facility shall be protected with armor 

stones, concrete blocks, or other materials as a measure against scouring. Examples of overseas test 

models of the measures against scouring include armor rocks, gabions, a layer of concrete blocks on a 

geotextile filter, a layer of pillow-like geotextile bags filled with concrete, etc.  

2) For calculation of scouring thickness, PIANC guidelines WG22-1997 and WG180-2015 are highly 

recommended. 

(Draft)
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5 Design methods 

5.1 General 

1) Two design methods are presented in this standard as the “partial factor design method (HSTP)” in 

section 5.2 and the ‘load and resistance factor design method (HSTS)” presented in section 5.3.  

2) Note, that the egality of the two calculation methods mentioned above is the same when applied to 

the design of the berth structure according to this standard 

5.2 Partial factor design method  

5.2.1 General principle  

1) The characteristic values of impact (load) and material (resistance) are replicated with the 

corresponding coefficient in each case of specific design so that the dimensions and materials of the 

structure of the choice must satisfy the conditions The design and exploitation set. 

2) The component coefficient method must be calculated for both the working state of the structure: 

extreme conditions and normal extraction conditions. 

NOTE 

The partial factor design method is applied more suitable for the following circumstances: 

- The design conditions of the load or material or soil properties have a wide range of random fluctuation.  

- New structures are less or not yet have ever been applied.  

5.2.2 Ultimate limit state (ULS) 

5.2.2.1 Principal 

1) The strength and stability of maritime structures should be verified considering the following ultimate 

limit states as defined in TCVN 11820-2:2017: Loads and Impacts with six (06) types of failure as follows: 

- EQU: loss of static equilibrium of the structure or any part of it treated as a rigid body: minor variations 

in the value or the spatial distribution of actions from a single source are significant, and the strengths of 

construction materials or ground are generally not governing; 

- STR: internal failure or excessive deformation of the structure or structural members, where the 

strength of construction materials of the structure governs; 

- GEO: failure or excessive deformation of the ground where the strengths of soil or rock are significant 

in providing resistance; 

- FAT: fatigue failure of the structure or structural members. 

- UPL: uplift/buoyancy;  

- HYD (hydraulic heave/gradients) as defined should be verified in accordance with TCVN 11820-

2:2017. 

2) As far as the mooring facilities concern, EQU, STR and GEO are the most consideration which is 

group into three (03) sets with different partial factors and design situations: 

- Static equilibrium (EQU) for marine structures should be verified using the design values of actions 

in set A. 
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- Design of structural members (STR) where no geotechnical actions are involved should be verified 

using only the design values of actions in set B. 

- Design of structural members (STR) involving geotechnical actions and the resistance of ground 

(GEO) should be verified using one of the design approaches set out TCVN 11820-4-1:2019 and which, 

depending on the design approach used, utilizes design values of actions from either set B or set C or 

both. 

3) The design values of actions as well as partial factors of materials and resistances regulated in each 

set are given in TCVN 11820-2:2017 and TCVN 11820-4-1:2019. 

4) For each of the limit states above, the definition of the load factors, the load combination, the material 

factors and the corresponding working conditions are found in detail at TCVN 11820-2:2017 

5.2.2.2 General formula 

1) When calculating mooring facilties according to ULS, the following formulae must be satisfied: 

𝑆𝑑 ≤ 𝑅𝑑 (4) 

𝑆𝑑 = 𝛾𝑆𝑑𝑆{𝛾𝑓(𝜓𝐹𝑘); 𝑎𝑑} (5) 

𝑅𝑑 =
1

𝛾𝑅𝑑
𝑅 {𝜂

𝑋𝑘

𝛾𝑚
; 𝑎𝑑} 

(6) 

Where: 

Sd  the design value of action; 

Rd  the design value of resistance; 

S are effect functions of action; 

R are effect functions of resistance; 

Fk characteristic value of the action; 

Sd partial factor associated vvith the uncertainty of the action and/or action effect model; 

f  partial factor for actions, which takes account of the possibility of unfavourable deviations of the 

action values from the representative values; 

 factor for the accompanying value of a variable action (0, 1, 2); 

ad design values of geometrical data; 

Rd partial factor associated with the uncertainty of the resistance model; 

m partial factor for a material property; 

 the mean value of the conversion factor; 

Xk the characteristic value of the material or product propelty. 

NOTE 

The mean value of the conversion factor taking into account: volume and scale effects, effects of moisture and 

temperature, and any other relevant parameters. The design value can be established by such means as : empirical 

relationships with measured physical properties, or with chemical composition, or from previous experience. The 

conversion factor can fetch a value of 0.85 for concrete material, equal to 1.0 for soil or rock. 
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2) The work can be considered instability, structural destruction or loss of ability to work when the 

formula (4) is not satisfied. 

3) The coefficients in the formula (4), (5) and (6) for each specific design case is detailed in TCVN 11820-

1:2017, in tables 1, table 2, and table 3 of TCVN 11820-2:2017, in TCVN 11820-4-1:2019 and in this 

standard. 

5.2.3 Servive limit state (SLS) 

5.2.3.1 General Principles 

1) The limited status of SLS typically includes a limited state of transfer, subsidence, or crack width of a 

component or ground. 

2) The limited status of the working capacity is usually due to mining technology, extraction requirements 

or the working capacity of the specified material. 

3) When calculating the limited status of the working capacity, all component systems are derived by 

1,0 except for the load combination coefficient. 

5.2.3.2 General fomula 

When calculating mooring facilties according to SLS, the formula (7) must be satisfied: 

𝐸𝑑 ≤ 𝐶𝑑 (7) 

Where: 

Ed  the design value of the effects of actions specified in the serviceability criterion, determined on 

the basis of the relevant combination; 

Cd the limiting design value of the relevant serviceability criterion. 

5.3 Load and Resistance Factor design method (HSTS) 

5.3.1 General principles 

The mooring facility works are assesed mainly by variable design situations and permanent design 

situations as shown below. In some special cases, the structure can be calculated according to fatigue, 

the gait about the ability to recover or durability over time. Both states are linked to the design method to 

deal with strength and stability of structures. 

NOTE 

The partial factor design method is applied more suitable for the following circumstances: 

- Berth structure is not in the cases mentioned in Section 5.2.1. 

- Traditional types of berth structures. 

5.3.2 Classification of dominating actions and design situations 

1) The impacts of the load are divided into the following cases: 

- Long-term loads and impacts during the extraction of the work, including: the load itself works, soil 

pressure, environmental loads such as temperature, or corrosion. 

- The load and the impact of instantaneous and short-term, including: Wave load, wind, flow, tidal level, 

equipment load and cargo on the wharf, berthing force and ship anchor force. These loads are of a 

changing nature of both direction and magnitude with different frequency of occurrence. 
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2) Case design is understood as the case  may occur during the operation and exploitation works,  and 

is divided into two (02) groups: 

- Case of operation: are long-term load combinations associated with the immediate and short-term 

effects load as defined in clause 1) Article 5.3.2. 

- Unusual cases: The load combinations in which the load component is caused by earthquakes, 

storms, or incidents is the primary load. In this complex only earthquake loads, loads ofdo storms or loads 

due to incidents caused in conjunction with long-term loads and cargo loads, where cargo loads fell 50% 

over the case of operation.  

5.3.3 Ultimate limite state 

1) When calculating mooring facilties according to ULS, the following formulae must be satisfied:  

𝑚 × (𝛾𝑖

𝑆𝑑

𝑅𝑑
) ≤ 1 (8) 

𝑆𝑑 = 𝑓(𝛾𝑆1
𝑆1𝑘, … , 𝛾𝑆𝑛

𝑆𝑛𝑘) = 𝑓 (𝛾𝑆1
𝑆1𝑘(𝑥1𝑘 … 𝑥𝑝𝑘), … , 𝛾𝑆𝑛

𝑆𝑛𝑘(𝑥1𝑘 … 𝑥𝑝𝑘)) (9) 

𝑅𝑑 = 𝑔(𝛾𝑅1
𝑅1𝑘, … , 𝛾𝑅𝑛

𝑅𝑛𝑘) = 𝑔 (𝛾𝑅1
𝑅1𝑘(𝑥1𝑘 … 𝑥𝑝𝑘), … , 𝛾𝑅𝑛

𝑅𝑛𝑘(𝑥1𝑘 … 𝑥𝑝𝑘)) (10) 

Where: 

Sd design value of action; 

Rd design value of resistance; 

i importance factor to take account of the significance of the structure, social impact when the limit 

state is reached. Unless otherwise specified, i =1.0 and is not shown in this TCVN; 

m adjustment factor; 

Sjk characteristic value of action effect j (j=1..n); 

Sj partial factor to multiply to the characteristic value Sjk of action effect j; 

Sj () equation to calculate the characteristic value Sjk of action effect j; 

Rjk characteristic value of resistance (strength)j (j=1..m); 

Rj partial factor to multiply to the characteristic value Rjk of resistance (strength) j; 

Rj () equation to calculate the characteristic value Rjk of resistance (strength)  thành phần j; 

xjk characteristic value of the design factor xj (j=1..p). 

2) In this TCVN, most of design checks for overall stabilities (i.e. basic design level) can be assessed 

by the design formula as shown below: 

𝑚 (
𝛾𝑆 ⋅ 𝑆𝑘

𝛾𝑅 ⋅ 𝑅𝑘
) ≤ 1.0 (11) 

Where: 

Rk characteristic value of action; 

Sk characteristic value of resistance; 

S partial factor for load term; 
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R partial factor for residence term; 

m adjust coefficient. 

5.3.4 Service limite state 

Design by limited status work according to the instructions in section 5.2.3 of this standard.  

5.4 Structural calculations 

1) Structural steel and reinforcement concrete design according to the partial factorial method,  can refer 

to the regulations in the standard BS 6349-1-4:2013, BS EN 1992 and BS EN 1992, BS EN 1993 and BS 

na EN 1993. 

2) Structural steel and reinforcement concrete design according to the method of load and resistance,  

can refer to the provisions in OCDI 2019, JSCE 2007 (standard specifications for concrete structures – 

Design) and JSCE 2007 (standard specifications for steel and composite Structures-first edition). 

6 Gravity type quaywall 

6.1 General requirement 

1) The gravity wall structure is classified as a cassion wall, corner “L”-typed wall, dense block wall type, 

hollow wall type blocks and wall-type concrete docks poured in place. The provisions in this section apply 

to all types of gravity structures mentioned above. 

2) In the form of gravity structures, the construction of a concrete cassion is more used both because 

there are more advantages than other types of gravity, such as fast construction, suitable for deep waters, 

high reliability and safety. The structural blocks of gravity and angular walls are more suitable to shallow 

waters and simple construction equipment. 

3) The gravity wall structure is suitable for geotechnical conditions with hard-ground soils appearing 

close to the elevation of dock. However, it is still possible to apply to soil-based geology after the proper 

use of soil improvement methods (e.g., sand dredging, soil cement piles,...). 

4) The gravity wall structure must be placed on a stone cushioned layer with a flat surface. The thickness 

of the buffer layer is calculated so as to ensure the bearing conditions of the cushioning itself as well as 

the underlying ground. Buffer layer thickness should not be taken less than 1, 0m. 

5) According to the cross section, the width of the stone padding must be protruding outside the base 

not less than 2, 0m towards the sea and not less than 1, 0m towards the shore. The weight of the nail 

cushion layer can range from 10kg to 150kg. 

6) Behind the gravity wall, the stone is often trapezoid, to reduce soil pressure after the effect on the 

gravity wall. The collapsing rock body is often designed to be large enough so that the rear ground 

pressure does not impact the gravity wall. Between the collapsing stone and rear land are layers of reticle 

filtration combined with geotextile. The material used to fill the walls of Ben and the Stone mausoleum is 

often a good drainage sand. 

7) The majority of gravity port walls are often associated with cap-pouring beams in concrete or 

reinforced concrete. High level bottom beams are usually taken higher than the lower water level, and 
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lower than the average water level. Cap beams are usually divided into segments that are 50m to 100m 

in length depending on the level of heat dilation. At segmented slots, the refilter layer should be arranged 

in conjunction with geotextile fabrics. Outer cap beams the task of preventing sand from filling the rear is 

also tasked to hook up the ship and arrange the anchor flange. 

NOTE 

1) All types of materials used in the gravity wall structure include prefabricated concrete and BTCT, concrete and BTCT in 

place, stone materials and leveling sand, etc. must meet the requirements set out in TCVN 11820-3:2019. 

2) The openings between the gravity blocks should have links or textures so that the rear-fill material should not be escaped 

outward. The width of the slits shall not be too large, subject to applicable regulations and standards for construction and 

collection. 

 

NOTE 

1) Must examine the ground in case of liquefaction 

2) Conduct analysis only dynamic deformation in case of antitraumatic design 

3) Requires special design of resistance in case 

Figure 3 – Procedure of calculation of the structural steps 
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6.2 Actions 

1) As the external forces and loads acting on the wall of a gravity type quaywall, the following shall be 

considered: 

a) Surcharge 

b) Deadweight of the wall  

c) Earth pressure and residual water pressure  

d) Buoyancy  

e) Seismic forces 

g) Dynamic water pressure during an earthquake 

h) Tractive forces of vessels 

2) Of the external forces acting on the qwaywall, those forces which have a low probability of 

simultaneous occurrence with seismic forces may be neglected or can be reduced. Combinations of load 

and factors are guided in TCVN 11820-2:2017. 

3) Earth pressure and residual water pressure are determined according to TCVN 11820-4-1:2019.  

4) Mooring vessel force is determined in Appendix B of this standard.  

5) Seismic force is determined depending on geological conditions and gound acceleration according to 

the earthquake classification criteria of Vietnam. Refer TCVN 9386-2012 for detail instruction.     

6.3 Some regulations when identifying impacts on the gravity berth 

The sequence of the calculation steps of the gravity berth design is presented in Figure 3. 

6.3.1 Structural cross-section of gravity 

1) The conventional cross section of gravity wall is presented on Figure  4, where the cross-strikethrough 

material is calculated as the payload itself works. 

2) For the gravity-block berth, the stable slip and flip inspection must be conducted on the horizontal 

surfaces of each layer of cubic blocks (typically between blocks of locked concrete so that they bond 

together better, but in these calculations ignore key effects). 

6.3.2 Slider and overturning points 

1) When calculating the flat slide through each layer, the material load is said to be the weight of 

the work itself is determined according to the principle in Figure 5and Figure 6. 

2) The last layer of block (above the foundation) can be designed divided into several blocks (see 

Figure 5) or attached to a block. When calculating the background effect for cases where the lower 

layer is multi-block, it is necessary to calculate the impact payload on each block. However, to reduce 

the bottom of the foundation, the recommendation on the cross section should be the design of the 

bottom-block layer. 

3) The residual water level must be placed at least at a height equal to 1/3 tidal amplitudes above 

LWL. LWL is defined in accordance with article 6.1 of TCVN 11820-2:2017. 
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4) The excess water pressure will be large when the tidal amplitude rises and the permeability of 

the small wall material. The water behind the wall will seep through empty holes and the exposed 

slots between the wall block. The wall-fill material also affects the reduction of the high level of 

residual water. Therefore, it is necessary to arrange the filter layer between the wall and the rear fill 

material. 

5) The friction angle between the wall behind the dock and the filling material is taken depending 

on the form of wall structure and filling material type. Details are presented in TCVN 11820-4-1:2019. 

 

                    

       NOTE 

(a) Wall of L-shaped concrete block type 

(b) Wall of concrete block type 

 

 

(c) Wall of cellular concrete block type 

(d) Wall of caisson type 

Figure 4 – Determination of Quaywall Body 

  

Figure 5 – Determination of Wall Body 

Portion for Stability of Sliding at 

Horizontal Joints 

Figure 6 – Determination of Wall Body Portion for 

Stability of Overturning 

6.3.3 Buoyancy force 

1) Water buoyancy pressure effect on the wall body is calculated from MND (see Figure 7) 

2) For the hydrodynamic pressure when the earthquake see TCVN 9386-2012. 

6.3.4 Foundation mound of gravity type quaywalls 

The thickness of a foundation mound should meet following requirements: 

1) 0.5m or more, and 3 times the diameter of the rubbles or more in case of a quaywall with a water 

depth of less than 4.5 m. 

       a)                                            b)                                            c)                                                    d) 
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2) 1.0m or more, and 3 times the diameter of the rubbles or more in case of a quaywall with a water 

depth of 4.5m or more. 

 

Figure 7 – Assumption for Calculating Buoyancy 

6.3.5 Backfill mound of gravity type quaywalls 

1) To reduce pressure on the wall of wharf as well as limit deformation and subsidence of the 

background, the stone material is used to fill the wall of wharf with large enough width. The Stone's body 

behind The wall has a tilted roof cut like Figure 8(a) or vertically as  Figure 8(b). In both cases, the stone 

body located on the wall concrete block will be counted into the gravity itself works. Ground pressure 

(stone) effect on the wall is seen as transmitted through the plane standing from the back edge of the 

concrete block of gravity. 

2) When the stone body is triangular in shape, the increased pressure of land on the roof of the rock can 

be considered. When the stone body has a vertical wall with width b  greater than the wall height, the soil 

pressure behind the stone wall can be ignored. However, with width b smaller than wall height, the 

increased soil pressure behind the wall should be considered. 

3) Behind the stone wall must layout the filter floor system combined with geotextile to minimize the 

pressure of residual effect on the wall. 

 

  (a) Triangular shape backfill      (b) Rectangular shape backfill 

Figure 8 – Shape of Backfill 

6.4 Design check by using Partial Factor Method 

The steps for calculating a gravity dock design according to the composition coefficient method are 

performed on Figure 3. In which, A stable calculation of the overturn works is carried out in order A, other 

computational requirements are carried out according to sets B and set C as stated in Section 5.2. 
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6.4.1 Examination the slip failure of ground 

Examniation of the failure ground of the gravity wall is carried out as directed in standard TCVN 11820-

4-1:2019. 

6.4.2 Examination against Sliding of Wall 

Sliding of wall of a gravity type quaywall shall be checked according to below, equation (12). 

𝛾𝑠𝑑𝑆 ≤
𝑓 × 𝑅

𝛾𝑅𝑑
 (12) 

Where:                                                                             

R resultant vertical force acting on the wall (kN/m); 

S resultant horizontal force acting on the wall (kN/m); 

f là coefficient of friction between the bottom of the wall body and the foundation; 

Sd partial load factor, according to 11820-2:2017; 

Rd resistance factor, the value is equal to 1.0. 

6.4.3 Examination Concerning Overturning of Wall  

Overturning of a gravity type quaywall shall be checked according to below, equation (13): 

𝛾𝑠𝑑𝐸𝑑𝑠𝑡,𝑑 ≤
𝐸𝑠𝑡𝑏,𝑑

𝛾𝑅𝑑
 (13) 

Where:                                                                            

Edst,d  is the moment that causes distable situation with respect to the wall (kN.m); 

Estb,d   is the moment that creates stable situation for the wall (kN.m); 

Sd partial load factor, according to 11820-2:2017; 

Rd resistance factor, the value is equal to 1.0. 

6.4.4 Examination of Bearing Capacity of Foundation 

Bearing capacity of foundation shall be checked according to TCVN 11820-4-1:2019. 

6.4.5 Examination of settlement of wall 

Regarding examination of settlement of wall, see 6.5.5. in TCVN 11820-4-1:2019. 

6.5 Examination (or Design check) by using Load and Resistance Factor Design Method 

6.5.1 General requirement 

1) The sequence of steps for calculating the gravity design of the hydraulic form is the method of load 

factor and resistance  is presented in Figure 3. The design case of the gravity berth structure is presented 

in Table 1. 

2) The load combination impacts on the gravity of the wharf, according to the method of load and 

resistance can be referenced in Appendix C. 

6.5.2 Examination of sliding circular stability of the foundation 

Stable circular eximination of the foundation is carried out according to the indications in appendix E of 

TCVN 11820-4-1:2019.  
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6.5.3 Examination against sliding of wall 

1) Sliding of wall of a gravity type quaywall shall be checked according to the equation (14) and partial 

factors shown in the Table 2. In this equation, subscripts k and d indicate the characteristic value and 

design value, respectively. The table shows partial factors applicable to the permanent design situation 

and accidental design situation. 

𝑚
𝑆𝑑

𝑅𝑑
≤ 1,0          𝑅𝑑 = 

𝑅
𝑅𝑘        𝑆𝑑 = 𝛾𝑆𝑆𝑘 

𝑅𝑘 = 𝑓𝑘(𝑊𝑘 + 𝑃𝑉𝑘 − 𝑃𝐵𝑘) 

𝑆𝑘 = 𝑃𝐻𝑘 + 𝑃𝑤𝑘 + 𝑃𝑑𝑤𝑘 + 𝑃𝐹𝑘 

(14) 

Where:                                                                             

fk a friction coefficient between the bottom face of a wall body and a foundation;  

W weight of the materials constituting a wall body (kN/m); 

PV resultant vertical earth pressure acting on a wall body (kN/m); 

PB buoyancy acting on wall (kN/m); 

PH resultant horizontal earth pressure acting on a wall body (kN/m); 

Pw resultant residual water pressure acting on a wall body (kN/m); 

Pdw resultant dynamic water pressure acting on a wall body (kN/m) (only during earthquakes); 

PF inertia force acting on a wall body (kN/m) (only during earthquakes); 

R resistance term (kN/m); 

S load term (kN/m); 

R, S, m are defined in formula (11), their value can be selected from Table 2. 

2) The characteristic values of the resultant dynamic water pressure Pdw in Equation (14) can be 

calculated with the equations(15), and the inertia force acting on a wall body PF can be calculated with 

the equations(16): 

𝑃𝑑𝑤𝑘
=

7

12
𝑘ℎ𝑘

𝜌𝑤𝑔ℎ2 (15) 

𝑃𝐹𝑘
= 𝑘ℎ𝑘

𝑊𝑘 (16) 

Where: 

w density of seawater (t/m3); 

g gravitational acceleration (m/s2); 

h water depth in front of a wall body (depth from the bottom face of a wall body to the water level in 

front of a wall body) (m); 

kh seismic coefficient for verification. 

W is defined in the equation (14). 

3) Furthermore, when a caisson has footings with rectangular cross sections on both sea and land sides, 

the characteristic value of buoyancy can be calculated using the following equation: 

𝑃𝐵𝑘
= 𝜌𝑤𝑔[(𝑤𝑙𝑘 + ℎ′)𝐵 + 2ℎ𝑓𝐵𝑓] (17) 
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Where: 

w density of seawater (t/m3); 

g gravitational acceleration (m/s2); 

wl residual water level (m); 

h' installation depth of a wall body (m); 

B width of a wall body (m); 

hf height of a footing (m);  

Bf width of a footing (m). 

Table 1 - The calculation of the structure of the berth of gravity by the method of load and 

resistance 

Design situations Checking items Factors 

Case Major 

impact 

Minor impact 

Operation Dead load Water pressure, 

surcharge 

Circle stability Factors of circle stability 

Soil 

pressure 

Selfweight, water 

pressure, 

surcharge 

1) sliding of the wall 

2) overturning of the wall 

3) soil pressure 

Factors of sliding and 

overturning stabilities, 

and soil pressure. 

Unusual Seismic Selfweight, water 

pressure, 

surcharge 

1) sliding of the wall 

2) overturning of the wall 

3) soil pressure 

Factors of sliding and 

overturning stabilities, 

and soil pressure. 

Table 2 - Partial factors for sliding failure of gravity type qualwalls 

Design situations Examination situations R S m 

Operation ① 0.87 1.06 1.00 

Unusual ② 1.00 1.00 1.00 

4) The following vertical force acting on a wall body is normally considered in examining the sliding of a 

wall body: 

a) The value obtained by subtracting buoyancy from the weight of the wall body excluding surcharges 

(e.g., load of bulk cargoes) anterior to the virtual boundary plane of the wall body 

b) The vertical component of earth pressure acting on virtual boundary plane 

5) The following horizontal force acting on a wall body is normally considered in examining the sliding of 

a wall body: 

a) The horizontal component of the earth pressure acting on the virtual boundary plane of a wall body 

with a surcharge applied to it 
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b) Residual water pressure 

c) In addition to the above, for the performance verification during the actions of earthquake ground 

motions, the inertia force and dynamic water pressure acting on the wall body, the horizontal 

component of the earth pressure during earthquakes, and the horizontal force of cargo handling 

equipment acting on the wall body through the legs of the equipment 

6) The coefficient of friction between the bottom of the wall body and the foundation can be set in 

accordance with Part 4: Foundation- TCVN 11820-4-1:2019. 

6.5.4 Examination Concerning Overturning of Wall  

Overturning of wall of a gravity type quaywall shall be checked according to the equation (18) and partial 

factors shown in the Table 3. In this equation, subscripts k and d indicates the characteristic value and 

design value, respectively. The table shows partial factors applicable to the permanent design situation 

and accidental design situation. 

𝑚
𝑆𝑑

𝑅𝑑
≤ 1,0          𝑅𝑑 = 

𝑅
𝑅𝑘        𝑆𝑑 = 𝛾𝑆𝑆𝑘 

𝑅𝑘 = (𝑎𝑊𝑘 + 𝑐𝑃𝑉𝑘 − 𝑏𝑃𝐵𝑘) 

𝑆𝑘 = 𝑑𝑃𝐻𝑘 + 𝑒𝑃𝑤𝑘 + ℎ𝑃𝑑𝑤𝑘 + 𝑖𝑃𝐹𝑘 

(18) 

Where:         

W weight of materials comprising a wall body (kN/m); 

PV resultant vertical earth pressure acting on a wall body (kN/m); 

PB buoyancy acting on a wall body (kN/m); 

PH resultant horizontal earth pressure acting on a wall body (kN/m); 

Pw resultant residual water pressure acting on a wall body (kN/m) 

Pdw resultant dynamic water pressure acting on a wall body (kN/m) (only during earthquakes); 

PF inertia force acting on a wall body (kN/m) (only during earthquakes); 

a distance from the action line of resultant weight of wall to the front toe of a wall body (m);  

b distance from the action line of buoyancy to the front toe of a wall body (m); 

c distance from the action line of resultant vertical earth pressure to the front toe of a wall body (m);  

d distance from the action line of resultant horizontal earth pressure to the bottom of a wall body 

(m);  

e distance from the action line of resultant residual water pressure to the bottom of a wall body (m); 

h distance from the action line of resultant dynamic water pressure to the bottom of a wall body (m), 

(only during earthquakes); 

i distance from the action line of inertial force to the bottom of a wall body (m) (only during 

earthquakes); 

R resistance term (kN·m/m); 

S load term (kN·m/m); 

R, S, m are defined in formula (11), their value can be selected from Table 3. 
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Table 3 - Partial factors for Overturning of gravity type qualwalls 

Design situations Examination situations R S m 

Operation ① 0.99 1.23 1.00 

Unusual ② 1.00 1.00 1.00 

6.5.5 Examination of Bearing Capacity of the Ground 

1) Bearing capacity of ground, subjected to eccentric and inclined actions, shall be checked according 

to the stability analysis method using Simplified Bishop’s Method, which is well-described in the Appendix 

E (Stability of Slopes) of Part 4: Foundation- TCVN 11820-4-1:2019. The bering capacity shall be checked 

for both permanent design situation and accidental design situation. 

2) When calculate the force acting on the bottom of the quaywall, it is necessary to examine both 

cases where surcharge is applied on the quaywall and not. When a surcharge is applied on the 

quaywall, the distance of eccentricity decreases, but the bottom reaction may increase as the vertical 

component of the load increases. 

6.5.6 Exammination of settlement of wall 

1) Gravity-type quaywalls shall ensure their structural stability against settlement due to the 

consolidation of the ground in accordance with the characteristics of the ground and structures. 

2) For the foundation ground susceptible to settlement, it is important to implement sufficient soil 

investigation and preliminarily estimate settlement amounts in accordance with TCVN 11820-4-1:2019. 

3) It is preferable to take measures for setting higher foundation surfaces or enabling superstructures to 

be used for final adjustment to achieve predetermined crown heights on the basis of the estimated 

settlement amounts. It is also necessary to pay attention to the possibility that uneven settlements may 

cause joint failures and discontinuity or superstructure and apron pavement. 

7 Sheet pile quaywalls 

7.1 General principles 

1) Sheet pile quaywall structures are most suitable when the ground below dredged level is of medium 

or dense granular soil, or firm to stiff cohesive soil.  

2) Embedded retaining walls may be used in weak soil, but it might be preferable, where weak soil lies 

below dredged level, to replace the soil with sand before wall construction to avoid the large penetration 

required for stability. If the depth of soft clay is very great, an embedded retaining wall might be unsuitable 

and another form of construction, such as a suspended deck structure should be used instead. 

3) Where the seabed is mainly of rock, pre-treatment of the bed or pile toe or provision of rock sockets 

or dowels might be necessary to allow sheet piles to be used. 

4) Embedded retaining walls are suitable for use in quays in impounded basins where a cut-off is 

required. They can also be used to form a temporary cut-off or cofferdam for the construction of an in-

situ concrete gravity wall. The embedded retaining wall may be incorporated into the permanent structure. 
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5) Embedded retaining walls may be used where it is necessary to increase the depth of water in front 

of an existing structure. This form of construction is especially suitable where the seaward displacement 

of the berth face is to be kept to a minimum. 

6) Vertical forces and horizontal forces must be considered simultaneously when designing the sheet 

pile quaywall. 

7) The cross section of the steel sheet piles should take into account the effects of corrosion. 

8) The provisions in this section shall be applied to the design of sheet pile wall, includes sheet pile 

quaywall with anchorage, sheet pile quaywall with relieving platform, steel sheet pile cellular-bulkhead 

quaywalls, cantilever sheet pile walls, sheet pile quaywall with batter anchor piles, sheet pile quaywalls 

with batter piles in front, double sheet pile quaywall. 

7.2 Actions and effects of actions on sheet pile wall 

7.2.1 Types of Actions 

1) The following forces shall be considered as the external forces acting on a sheet pile: 

a) Active earth pressure behind the sheet pile wall; 

b) - Subgrade reaction in front of the embedded portion of sheet pile; 

c) Residual water pressure; 

d) Earthquake forces; 

e) Dynamic water pressure during an earthquake; 

g) Tractive forces of vessels; 

h) Berthing forces of vessels. 

NOTE 

1) Earth pressure and residual water pressure are calculated according to TCVN 11820-4-1:2019.  

2) Tractive forces of vessels is determined in Appendix A of this standard.  

3) Earthquake force is determined depending on geological conditions and gound acceleration according to the earthquake 

classification criteria of Vietnam. Refer TCVN 9386-2012 for detail instruction.   

2) The active earth pressure is normally used as the earth pressure that acts on the sheet pile wall from 

the backside. For the frontside reaction that acts on the embedded part of the sheet pile, it is necessary 

to use an appropriate value such as the passive earth pressure or a subgrade reaction that corresponds 

to the deflection of the wall. 

3) When the free earth support method and the equivalent beam method are used in a stability 

calculation for a sheet pile wall, it should basically be assumed that the earth pressure and residual water 

pressure act as shown in Figure 9, and the pressure values should be calculated in accordance with 

requirements in TCVN 11820-4-1. 

4) The wall friction angle used for calculation of the earth pressure acting on the sheet pile wall should 

be calculated in accordance with requirements in TCVN 11820-3:2019. 

5) Since the earth pressure changes in response to displacement of the sheet pile wall, the actual earth 

pressure that acts on the sheet pile wall varies depending on the following:  
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a) The construction method (i.e., whether backfill is executed or the ground in front of the sheet piles 

is dredged to the required depth after the sheet piles have been driven in); 

b) The lateral displacement of the sheet pile at the tie rod setting point; 

c) The length of the embedded part of the sheet pile; 

d) The relationship between the rigidity of the sheet pile and the characteristics of the sea bottom 

ground; 

 

Figure 9 – Earth Pressure and Residual Water Pressure 

6) When there is some cargo handling equipment (e.g., crane) on the quaywall, it is necessary to take 

into consideration the earth pressuredue due to the dead- weight and the surchage of the equipment. 

7) In the determination of the reaction force of earth pressure that acts on the front surface of the embed- 

ded part of the sheet pile, it is necessary to assume that degrading of the sea bottom will be executed to 

a certain depth below the planned depth. The additional length may be taken between 0,5m and 10% Hb, 

where Hb means the height of berth.  

8) In the case of an earth retaining wall of an open-type wharf, the sea bottom in front of the sheet pile 

wall has a composite shape of horizontal and sloped surfaces. In such a case, the passive earth pressure 

may be calculated with several failure planes of different angles. The smallest value among them is 

adopted as the passive earth pressure. However, it is necessary to consider the empirical evidence by 

experiments that the behavior of the ground in front of the sheet pile wall can be well predicted under the 

assumption of the ground being an elastic body. 

9) The residual water level to be used in the determination of the residual water pressure needs to be 

estimated appropriately in consideration of the structure of the sheet pile wall and the soil conditions. In 

many cases the elevation with the height equivalent to one thirds of the tidal range above the mean low 

water level is used for sheet pile walls. 

10) In the case of a steel sheet pile wall driven into cohesive soil ground, however, care should be 

exercised in the determination of the residual water level, because it is sometimes nearly the same as 

the high-water level. When sheet piles made of other materials are to be used, it is desirable to determine 

the residual water level based on the result of investigations of similar structures.  

11) For the dynamic water pressure during an earthquake, refer to TCVN 9386:2012. 

12) The berthing forces of vessels should be considered only for the design of the coping in general.  
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13) The tractive force of vessel is not considered when the foundation for bollards is to be constructed 

separately. However, when bollards are to be installed on the coping of the sheet pile wall, it is necessary 

to take into consideration the tractive force of vessel in the design of the coping, tie rod, and wale. 

7.2.2 Vertical actions applied to sheet pile wall 

1) The following vertical actions which might be imposed on sheet pile wall should be taken into account: 

a) Permenant actions due to superstructures and relieving platforms; 

b) Imposed loads due to cargo, ship ramps and handling equipment; 

c) Vertical component of berthing and mooring actions; 

d) Vertical component of anchor loads; 

e) Vertical component of earth pressures resulting from wall friction, which can cause drowndrag. 

f) Self-weight of wall and any attachments. 

2) Vertical actions imposed at the cope should be resisted with minimal settlement of the structure. 

Resistance should be achieved by one of the following methods: 

a) By the wal itself. The toe of wall over the length of the dispersed load should have an adequate 

bearing capacity, which might require that the wall be taken down to rock. If plug formation is 

uncertain, the design should be based solely on skin friction. When assessing skin friction, the legth 

of sheet pile determined for vertical load resistance should take into account the additional effects of 

the ground in resisting horizontal actions, and how this could affect the mobilization of friction on the 

sheet pile.  

b) Where the sheet pile has insufficient vertical resistance, the combined section may be used. The 

vertical actions may be carried by H-section, box or tube piles.  

c) By the provision of separate bearing piles. Separate beating piles may be installed to seaward and 

landward of the sheet pile wall to carry all or part of the vertical imposed loads (refer to 7.4 and 7.7). 

7.2.3 Longitudinal imposed actions 

1) Horizontal actions applied to the sheet pile quaywall in a logitudinal direction: 

a) Berthing action (via fender) and mooring actions (via mooring lines); 

b) Action due crane. 

2) Longitudinal actions are resisted by friction between the rear face of the wall and the soil, and by 

passive resistance at projecting faces, such as webs of troughed sheet piles, combined sheet piles. 

3) The difference in elevation between the action and the resistance induces beding of the wall elements 

about an axis at right angles to the plane of the wall.  

4) Longitudinal action can be transmitted to the anchorage system by mean of diagonal tie-backs or a 

relieving platform. 

5) The design should be such that longitudianl actions are distributed along the wall by waling or capping, 

or both. The waling and capping should be designed to resist the direct tensile and shear stresses caused 

by the longitudinal actions. 
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7.3 Sheet pile quaywalls with anchorage  

7.3.1 General 

1) The performance verification of structural stability for a sheet pile quaywall with anchorage work can 

generally be conducted by checking the stabilities of the sheet pile wall, the tie rods and the anchorage 

work. 

2) Figure 10 shows an example of the cross section of the sheet pile quaywalls. 

3) The provisions in this section can be applied to the design check of sheet pile quaywalls with 

anchorages. 

  

Figure 10 – Example of cross-section of Sheet Pile Quaywall 

7.3.2 Design Methods for Sheet Pile Walls with anchorage 

7.3.2.1 General 

1) The mechanical behavior of the sheet pile wall varies depending on the embedded length. For a short-

embedded length, the behavior characteristics are free earth support conditions. For a long-embedded 

length, the behavior characteristics are fixed earth support conditions. To ensure the stability of the sheet 

pile wall under permanent situations and variable situations, it is preferable that the bottom of the sheet 

pile is fixed sufficiently in the ground, i.e., fixed earth support conditions are satisfied. 

2) Mechanical behavior of anchored sheet quaywall structure is affected by the stiffness of the sheetpile, 

soil characteristics and especially depending on the length of the pile. 

NOTE  

1)  Conventionally, the embedded length was obtained by the free earth support method on the basis of classical earth 

pressure theory. The embedded length obtained with this method by considering appropriate partial factors is considered 

to be a fixed earth support condition. 

2) The equivalent beam method for obtaining the cross section of sheet piles assumes fixed earth support conditions. 

3) The embedded lengths of sheet pile walls with their lower ends fixed vary depending on the rigidity of sheet piles and 

ground characteristics. Deciding the embedded lengths by using the free earth support method and earth pressure theory 

has a disadvantage in terms of determining the embedded lengths regardless of the stiffness of sheet piles and the 

discrepancy between the theory and actual behavior represented by the assumed distribution of passive earth pressure in 

(Draft)



TCVN 11820-5:2019 

35 

disagreement with the triangle distribution of the Coulomb earth pressure. However, under certain conditions, even the 

embedded lengths decided via this method can achieve a fixed earth support state. 

3) The cross section of a sheet pile shall be appropriately set by taking into consideration the cross-

sectional rigidity of the sheet pile. 

4) Design Methods for Sheet Pile Walls with anchorage is as below: 

a) The combination of the free earth support and P.W. Rowe’s methods when verifying embedded 

lengths; 

b) The combination of the equivalent beam and P.W. Rowe’s methods when verifying the stress on 

sheet pile wall bodies and tie members. 

NOTE 

1) In addition to the design method listed in this standard, other methods (e.g subgrade reaction method, finite element 

method, etc.) may be used where appropriate.. 

2) In the case of layer soil, the graphical method can be used. However, when solving according to the graphical method, 

the condition of the sheet pile quaywall must comply with the requirements of the methods given in Article 4 of 7.3.2.1 of 

this standard. 

 

Figure 11 – Free Earth Support Method 

7.3.2.2 Free Earth Support Method 

The free earth support method assumes that there is no negative flexural moment in the embedded 

section of a sheet pile, i.e., a method for analyzing the structural stability assuming that no flexural 

moment exists in the lower end of the embedment. In the method, the earth pressure and flexural moment 

is generally assumed to act on a sheet pile as shown in Figure 11. 

7.3.2.3 Equivalent beam method 

The free earth support method assumes that there is no negative flexural moment in the embedded 

section of a sheet pile, i.e., a method for analyzing the structural stability assuming that no flexural 

moment exists in the lower end of the embedment. In the method, the earth pressure and flexural moment 

is generally assumed to act on a sheet pile as shown in Figure 12. 
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Figure 12 – Equivalent beam method 

7.3.2.4 Elastic Beam Analysis Method for Sheet Piles 

1) The elastic beam analysis method applies the theory of a beam on elastic foundation to a sheet pile 

wall with an elastic modulus of subgrade reaction set for the ground where the sheet pile wall is 

embedded. The basic formula at the embedded section of a sheet pile is expressed as Equation (19): 

𝐸𝐼
𝑑4𝑦

𝑑𝑥4
= 𝑝(𝑥) = 𝑝𝐴𝑂 −

𝑙ℎ

𝐷
𝑥𝑦 (19) 

Where: 

x is depth of the embedded section of a sheet pile below a ground level (m); 

y is deformation of a sheet pile wall (m); 

E is Young’s modulus of sheet pile (MN/m2); 

I is geometrical moment of inertia of sheet pile wall per unit width (m4/m); 

pA0 load intensity at the sea bottom generated by the active earth pressure and residual 

water pressure (MN/m2/m); 

lh coefficient of subgrade reaction to the sheet pile wall (MN/m3); 

D is penetration depth of sheet pile (m). 

2) According to the elastic beam analysis method, the behavioral characteristics of sheet pile walls vary 

depending on their embedded lengths, i.e., the embedded lengths of sheet pile walls need to be longer 

than a certain length so that walls can be stabilized: 

a) The embedded length that places a sheet pile wall into a critically stabilized state is called a critical 

embedded length DC; 

b) When the extension of an embedded length is longer than the critical one, the flexural moment on 

a sheet pile wall reaches peak maximum flexural moment MP in a free earth support state. The 

embedded length at this time is called a transitional embedded length DP.  

c) The further extension of the embedded length causes the flexural moment to reach convergent 

maximum flexural moment MF in a fixed earth support state. The minimum embedded length at this 

time is called a convergent embedded length DF. 

NOTE: When calculating a critical embedded length under the conditions that all of the following partial factors in the performance 

verification equation with respect to embedded length in the free earth support method is set at 1.0, the calculation result is 
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generally larger than a transitional embedded length DP. This finding indicates that the sheet pile wall with the calculated 

embedded length has already come close to a fixed earth support state. Therefore, by considering that the free earth support 

method assumes the triangular distribution of reactive earth pressure similar to the case with passive earth pressure even though 

a sheet pile wall has already come close to the fixed earth support state andwhen the rigidity of a sheet pile is not considered in 

the calculation of embedded lengths, it can be said that the free earth support method cannot reflect actual phenomenon wherein 

the rigidity and the embedded length of a sheet pile affect the mechanical behavior of the embedded section and the distribution 

state of the reactive earth pressure of a sheet pile wall in the calculation of embedded lengths.  

3) P.W. Rowe’s method: Without following classical earth pressure theory, P.W. Rowe’s method 

considers the passive earth pressure at the embedded section of a sheet pile as a subgrade reaction 

proportional to the lateral deflection and the depth from a seafloor surface and analyzes a sheet pile as 

a beam on elastic foundation. P.W. Rowe’s method requires complicated calculations, but it has been 

known that the calculation results of the method agree well with experimental results.  

 

Figure 13 – Earth Pressure Distribution for the Analysis of Sheet Pile Wall 

4) Correction of P.W. Rowe’s method:  The following is a method that is based on the modification of 

P.W. Rowe’s method and can be used for solving the embedded section of a sheet pile as a beam on 

elastic foundation. The modified formula at the embedded section of a sheet pile is expressed as Equation 

(20): 

𝐸𝐼
𝑑4𝑦

𝑑𝑥4
= 𝑝(𝑥) = 𝑝𝐴𝑂 + 𝐾𝐴𝐷γx − 𝐾0𝛾𝑥 −

𝑙ℎ

𝐷𝑓𝑟𝑓
𝑥𝑦 (20) 

where: 

x, y, E, I, lh  are defined in the Equation (19); 

KAD is coefficient of active earth pressure in the embedded part of the sheet pile wall; 

  unit weight of soil (MN/m3); 

K0  is coefficient of earth pressure at rest; 

DF is converged embedded length of sheet pile wall (m); 

rf is ratio of the exerting depth of the primary positive reaction earth pressure acting on the front 

surface of the embedded part of the sheet pile to DF. 
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5) Flexibility number of the sheet pile: As a measure to indicate the rigidity of a sheet pile wall as a 

structure, the following flexibility number is used in Equation (21): 

𝜌 = 𝐻4 𝐸𝐼⁄  (21) 

where: 

 flexibility number (m3/MN); 

H length of sheet pile from the seabed level to top of the sheet pile (m); 

E and I are defined in the Equation (19). 

 

Figure 14 –  Relationship between Modulus of Subgrade Reaction and N-value 

 
Figure 15 – Relationship between Modulus of Subgrade Reaction and angle of shearing 

resitance 

6) Similarity number: which is derived using the flexibility number and ground characteristics according 

to Equation (22): 

𝜔 = 𝜌𝑙ℎ =
𝐻𝑇

4

𝐸𝐼
𝑙ℎ (22) 

Whare: 

 is similarity number; 

 is flexibility number (m3/MN), according to Equation (21); 

lh is coefficient of subgrade reaction of sheet pile, according to Equation (19) (MN/m3), ; 
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HT is height from the tie installation point to the seabed surface. 

7) Figure 14 and Figure 15 also exhibit the values proposed by Terzaghi in addition to the values 

proposed by Takahashi et al. They also related the coefficients of subgrade reaction with the angle of 

shearing resistance as shown in Figure 14, using one equation (23) of Dauham’s equation that gives a 

smaller angle of internal friction for a given N-value. 

 = √12𝑁 + 15 (°) (23) 

7.3.2.5 Embedded lengths of sheet pile wall  

1) The Embedded lengths of sheet pile wall using free earth support method will be determined by the 

Partial factor method (refer to 7.3.2.9) or the the Load and resistance method (refer to 7.3.2.10). 

2) Embedded lengths of sheet pile wall using P.W. Rowe’s method. 

The characteristic values of the embedded lengths of sheet pile walls using P.W. Rowe’s method can be 

calculated to satisfy Equation (24). Considering that Equation (24) considers the rigidity of sheet piles 

without earth pressure, attention is required to the possibility that earth pressure reduction effects do not 

necessarily contribute to the reduction in the embedded lengths of sheet piles when planning ground 

improvement methods for alleviating earth pressure on existing steel sheet pile quaywalls: 

𝛿𝑠 =
𝐷𝐹

𝐻𝑇
≥ 5.0916𝜔−0.2 − 0.2591 (24) 

Where: 

s is ratio of the embedded length of a sheet pile wall to the height from a tie member installation 

position to a seafloor surface; 

DF is embedded length of a sheet pile wall (m); 

HT is height from a tie member installation position to a seafloor surface (m); 

 is similarity number, refer to Equation (22). 

Equation (24) formulates the relationship between the ratio of the convergent embedded length DF to the 

virtual wall height HT, and the similarity number ω as shown in Figure 16.  

7.3.2.6 Cross section of sheet pile wall  

1) Maximum moment using free earth support method, Equation (25): 

𝑀𝑚𝑎𝑥 = 𝑎𝐴𝑝 − 𝑏𝑃′
𝑎 − 𝑐𝑃′𝑤 − 𝑑𝑃′𝑑𝑤 (25) 

Where: 

Ap is reaction at the tie installation point (kN/m); 

P'a is resultant active earth pressure from the top of the sheet pile to the position where the shear 

force S becomes 0 (kN/m); 

P'w resultant residual water pressure from the top of the sheet pile to the position where the shear 

force S becomes 0 (kN/m); 

P'dw resultant dynamic water pressure from the top of the sheet pile to the position where the shear 

force S becomes 0 (kN/m) (during an earthquake only); 

a distance from the position where the shear force S becomes 0 to the tie member installation 

position (m); 
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b, c, d distance from the position where the shear force S becomes 0 to the point of action of the 

resultant force (m); 

 

Figure 16 – Relationship between s and  

2) Maximum moment using P.W. Rowe’s method 

a) When the maximum flexural moment of sheet piles is to be determined by taking the effects of the 

modulus of subgrade reaction and the rigidity of the sheet piles into consideration (P.W. Rowe’s 

method), the maximum flexural moment can be obtained by getting a correction factor Figure 17 and 

multiplying the value of the maximum flexural moment preliminarily obtained by the free earth support 

method by the correction factor . 

b) The ratio   is the ratio of the maximum flexural moment MF when there is convergent embedded 

length DF in the bending curve analysis to the maximum flexural moment MT calculated by the 

equivalent beam method by assuming the tie installation point and the seabed surface as the support 

points. 
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Figure 17 – Relationship between Correction Factor () and Similarity Namber () 

7.3.2.7 Design check of Tie Members 

1) Installation position of tie members 

a) The cross sections of sheet piles and tie members will be largely influenced by the positions of the 

tie member installation. The positions of tie member installation should be determined by considering 

the difficulty of the work of tie member attachments and the costs. 

b) When the wall height of a sheet pile wall is high, tie members may be provided at two levels to 

support the wall structure at two points to reduce the flexural moments in the wall structure. 

c) The tie member installation position is generally set at approximately 2/3 of a tidal difference above 

the lowest water level. 

NOTE: The flexural moment in sheet piles tends to be reduced as the positions for the installation of tie members become lower. 

Generally, the flexural moment is reduced by installing tie members at positions that are approximately half the heights of sheet 

pile walls. Thus, the cross-sectional areas of sheet piles can be reduced by lowering the tie member installation positions, and 

the embedded lengths of sheet pile can be reduced accordingly. By contrast, the tensile force acting on tie members tends to 

increase as the positions to install tie members become lower, thereby increasing the cross-sectional areas of tie members and 

the sizes of anchorages. Therefore, it is advisable to decide the tie member installation positions to minimize construction costs 

by balancing the cost reduction and increase the effects above. Generally, construction costs are reduced as the tie member 

installation positions become lower. However, if the original ground levels before starting construction are high, decreasing the 

tie member installation positions may increase the construction costs because of increased excavation and backfilling costs.  
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2) The reaction force at the tie member installation point using free earth support method, Equation 

(26): 

𝐴𝑝 = 𝑃𝑎 + 𝑃𝑤 + 𝑃𝑑𝑤 −
(𝑎𝑃𝑎 + 𝑏𝑃𝑤 + 𝑐𝑃𝑑𝑤)

𝐿
 (26) 

Where: 

Ap reaction force at the tie member installation point (kN/m); 

Pa resultant active earth pressure from the top of the sheet piling to the seabed surface (kN/m); 

Pw resultant residual water pressure from the top of the sheet piling to the seabed surface (kN/m); 

Pdw resultant dynamic water pressure acting on the sheet pile wall (kN/m) (only during earthquakes); 

a, b, c distance from the installation position of the tie member to the point of action of the resultant 

force (m); 

L distance from the installation position of the tie member to the seabed surface (m). 

3) The reaction force at the tie member installation point using P.W. Rowe’s method 

a) The reaction force at the tie member is determined via ratio ; 

b) The ratio  is the ratio of tie tension force TF when there is convergent embedded length DF in the 

bending curve analysis to the tie tension force TT calculated from the equivalent beam method. These 

relationships is shown in Figure Figure 18. 

4) The tension force of tie rod: 

The tension force that acts on a tie member is generally calculated by Equation (27): 

𝑇𝑘 = 𝐴𝑝𝑘
𝑙sec 𝜃 (27) 

Where: 

T tension of tie rod (kN); 

Ap reaction at the tie rod setting point (kN/m); 

l tie rod setting interval (m); 

 inclination angle of tie rod to the line perpendicular to the sheet pile wall. 

In some cases, bollards are installed on the coping of a sheet pile wall and the tractive forces of vessels 

acting on the bollards are transmitted to tie rods. Usually, the coping is assumed a beam with the tie rods 

as elastic supports and the tie rod tension may be calculated using equation (28), if the tractive force is 

evenly shared by four (4) tie rods near a bollard. When the tractive force of vessel is sustained by the tie 

rods, the allowable stress of the tie rods may be evaluated as that of extraordinary condition: 

T = (𝐴p𝑙 +
𝑃

4
) sec 𝜃 (28) 

Where: 

P horizontal component of the tractive force that acting on a bollard (kN). 
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Figure 18 – Relationship between Correction Factor () and Similarity Number () 

 

7.3.2.8 Design of Wale 

1) The maximum bending moment of a wale shall be calculated with an appropriate calculation method, 

Equation (29): 

𝑀 = 𝑇𝑙
10⁄  (29) 

Where: 

M maximum bending moment of wale (kN.m); 

T tension of a tie rod (kN); 

l tie rod setting interval (m). 

2) Equation (29) is obtained by analyzing a three-span continuous beam supported at the tie rod setting 

points and subjected to the reaction at the tie rod point (Ap) as an uniformly distributed load. 

3) When bollards are to be installed on the coping, it is necessary to design the wale near one of the 

bollards using a tie rod tension that takes into consideration the tractive force of vessel. However, when 

the wale is embedded into the coping, the effect of the tractive force may be ignored. 

𝜇𝑆 = 1,2692 × 1,8259 ×
1

√𝜔
5 +

0,6232

1,303
 

𝜏𝑁 = 1,8259 ×
1

√𝜔
5

+ 0,6232 

𝜏
=

(𝑇
𝐹

/𝑇
𝑇

) 

𝜔 = 𝜌𝑙ℎ = (𝐻𝑇
4 𝐸𝐼⁄ )𝑙ℎ 

(Draft)



TCVN 11820-5:2019 

44 

 

Figure 19 – Examples of Waling Installation 

7.3.2.9 Design check by using Partial Factor Method of Sheet Pile Walls  

1) The design of single-anchored should be determined with two combinations: 

a) Set B – in which partial factors greater than unity are applied to permanent and unfavourable 

variable actions, in conjunction with partial factors of unity applied to characteristic soil and rock 

parameters. 

b) Set C – in which partial factors greater than unity are applied to unfavourable variable actions and 

to characteristic soil and rock parameters, in conjunction with partial factors of unity applied to the 

effects of actions. 

2) Kiểm tra ổn định trượt của nền 

a) The design check of sheet pile quaywalls with respect to the slip failure of the ground shall be 

performed with reference to the design check for the slip failure of the ground in 6.4.1, and to the 

requirements of TCVN 11820-4-1:2019.  

b) When a sheet pile quaywall is determined to be unstable against circular slip failure, it is necessary 

to implement ground improvement by using an appropriate measure or by selecting another structural 

type. It is not advisable to extend the embedded lengths of sheet piles as a countermeasure against 

circular slip failure.  

3) Design check of enbeded length of sheet piles 

When obtaining the embedded length of sheet piles by using the free earth support method, the analysis 

of the embedded length of the sheet pile wall can be performed using equation (30) on the basis of the 

equilibrium of moments of the earth pressure and residual water pressure on the point of installation of 

the tie members. 

𝛾𝑆𝑑S ≤
𝑅

𝛾𝑅𝑑
 (30) 

Where: 
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S overturning moment about the point of anchor rod (kNm/m); 

R restoring moment about the ponit of anchor rod (kNm/m); 

Sd partial load factor, according to 11820-2:2017; 

Rd resistance factor, the value is equal to 1,0. 

4) The embedded length of sheet pile will be determined with the both of Set B and Set C. 

7.3.2.10 Design check by using Load and Resistance Method of Sheet Pile Walls  

1) Design check of enbeded length of sheet piles 

When obtaining the embedded length of sheet piles by using the free earth support method, the analysis 

of the embedded length of the sheet pile wall can be performed using equation (31) on the basis of the 

equilibrium of moments of the earth pressure and residual water pressure on the point of installation of 

the tie members.  

𝑚 (
𝛾𝑆 ⋅ 𝑆𝑘

𝛾𝑅 ⋅ 𝑅𝑘
) ≤ 1.0 (31) 

Where: 

Sk overturning moment about the point of anchor rod (kN.m/m); 

Rk restoring moment about the ponit of anchor rod (kN.m/m); 

s, R và m are defined in equations (11), their value can be selected from Table 4. 

k indicates the characteristic value. 

Table 4 - Partial factor for embedded length of sheet piles by the free earth support method 

Design situations Examination 

situations 

R S m 

Operation Sandy soil ① 0.72 1.09 1.00 

Cohesive soil ② 0.77 1.11 1.00 

Unusual All condition ③ 1.00  1.00  1.20 

NOTE: In Table 4, the soil layer compositions refer to the compositions of the soil layers from the ground surface to the lower 

end of embedment. If all soil layers are sandy ones, the partial factors for the sandy ground can be used. If cohesive soil is 

included even partially, the partial factors for the soil layer with the inclusion of cohesive soil can be used. 

2) Design check against slip failure of ground 

The design check of sheet pile quaywalls with respect to the slip failure of the ground shall be performed 

with reference to the design check for the slip failure of the ground in 6.5.2, and to the requirements of 

TCVN 11820-4-1:2019.  

3) Load combinations for embedded length of sheet piles by the free earth support method can refer to 

Table C.2, Appendix C. 

7.3.3 Design check of Anchorages 

7.3.3.1 General 

1) The structural types of anchorages are generally broadly classified as vertical pile anchorage, 

coupled-pile anchorage, sheet pile anchorage, and slab anchorage. The economy, construction time, and 
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construction method differ depending on the structural types; therefore, it is necessary to determine the 

structural types by considering the elevation of the ground and other site conditions before construction. 

2) In the case where the ground in front of anchorages is saturated sandy soil and subjected to 

liquefaction owing to earthquake ground motions, anchorages with shallow embedment are likely to be 

affected by liquefaction because liquefaction occurs close to ground surfaces. Therefore, coupled-pile 

anchorages with deeper embedment are preferable in areas with such ground conditions. 

3) Generally, the displacement of anchorages when tie members are subjected to tensile force is smaller 

in the case of coupled-pile anchorage and larger in the case of sheet pile anchorage or vertical pile 

anchorage. Furthermore, the displacement due to earthquake ground motions is particularly increased in 

the case of anchorages using sheet piles and vertical piles.  

4) Vertical pile anchorages or coupled-pile anchorages are generally preferable in the case where 

original seafloor surfaces are deep before starting construction. Generally, a coupled-pile anchorage 

structure is preferable in the case where facilities at the back of quaywalls impose the constraints on the 

installation locations of anchorages. 

5) It is necessary to pay attention to possible bending stress in structures, in addition to axial force in 

the case of coupled-pile anchorages installed in areas subjected to the settlement of backfill soil. 

6) Whether concrete work can be executed in a dry condition is a criterion for determining the availability 

of the slab anchorages of sheet pile walls. In most cases, the slab anchorage for relatively large-scale 

sheet pile walls requires construction below groundwater level involving the temporary closing and 

drainage of water with pumps. For small-scale concrete walls, concrete structures that were prefabricated 

at factories can be transported and installed by cranes at sites similar to the case with concrete walls of 

dead man anchors.  

7) The construction of sheet pile anchorages is easy and can be executed in a short period because the 

construction method is identical to that for sheet pile walls. The sheet pile anchorages are particularly 

preferable in the case where the ground levels at the back of quaywalls are high enough to enable steel 

sheet piles to be driven onshore. 

7.3.3.2 Installation Locations of Anchorages  

1) In principle, the location of the anchorages needs to be set at an appropriate distance from the sheet 

pile wall to ensure the structural stability of the main body of the wall and anchorage depending on the 

characteristics of the anchorages. Normally, when the position of the installation of the anchorage is 

further from the surface of the sheet pile wall, the deformation restraint of the sheet pile wall during an 

earthquake will be more effective. By contrast, the cross-sectional force on the sheet pile walls increases 

as the level of constraint on deflection increases. The following method for setting the locations of 

anchorages has been used in many cases, but the application of the method shall be comprehensively 

determined after considering the relations explained above. 

2) The location of an anchorage should be determined appropriately in consideration of the structural 

type of the anchorage because the stability of the anchorage itself is affected by its position, and the 

location at which the stability is achieved varies depending on the structural type. Furthermore, the 

location of anchorages on soft ground shall be determined after the comprehensive deliberation of the 

behavior of sheet piles, tie members, and anchorages on the occurrence of earthquakes by using the 
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method explained in this section or by using a dynamic analysis method that considers the nonlinear 

characteristics of the ground. 

 

a) Location of Concrete Wall Anchorage Works b) Location of Vertical Pile Anchorage 

NOTE 

For free earth support, dz is the depth of embedment of the wall  

For fixed earth support, dz is three quarters of the depth of embedment of the wall dz 

Figure 20 – Anchorage Work  

 

NOTE 

For free earth support, dz is the depth of embedment of the wall  

For fixed earth support, dz is three quarters of the depth of embedment of the wall dz 

Figure 21 – Position of Coupled-Pile Anchorage 

3) The location of vertical pile anchorage should be so determined to ensure that the passive failure 

plane from the point of lm1/3 below the tie rod setting point of the anchorage and the active failure plane 

and sheet piles do not intersect at the level below the horizontal surface containing the tie rod setting 

point at the anchorage as shown in Figure 20b. The value of lm1 is the depth of the first zero point of 

bending moment for a free-head pile below the tie rod setting point, while the horizontal surface containing 

the setting point of tie rod at the anchorage is assumed as the ground surface. 

4) The location of sheet pile anchorage may be determined in accordance with the method described in 

Figure 20b when the sheet piles can be regarded as long piles. When the sheet piles cannot be regarded 

as long piles, the location of anchorage may be determined by ignoring the part deeper than the level 

lm1/3 below the tie rod setting point at the sheet pile anchorage and then applying the method described 

in Figure 20a. 

5) For the method to obtain the first zero point of the bending moment of the vertical pile anchorage and 

sheet pile anchorage and the method to determine whether a sheet pile anchorage can be considered 

as a long pile, refer to section 8.5. 
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6) The location of coupled-pile anchorage should be behind the active failure plane of the sheet pile wall 

when it is assumed that the tension of the tie rod is resisted only by the axial bearing capacity of the piles. 

7) When the tension of the tie rod is evaluated to be resisted by both the axial and lateral bearing 

capacity in consideration of the bending resistance of the piles. 

NOTE  

1)  Normally, the further the position of installation of the anchorage work from the surface of the sheet pile wall, the more 

effective in restraining deformation of the sheet pile wall during an earthquake.  

2) Active plane failure and passive plane failure are determined according to TCVN 11820-4-1:2019. 

7.3.3.3 Design of concrete wall anchorage 

1) The height and placing depth of concrete wall anchorage may be determinedon the assumption that 

the tie rod tension and the active earth pressure behind the concrete wall anchorage are resisted by the 

passive earth pressure in front of the concrete wall anchorage. 

2) In the calculation of the earth pressure acting on concrete wall anchorage, the surcharge should be 

assumed to act as shown in Figure 22 (the surcharge is only considered in the calculation of active earth 

pressure, and not of passive earth pressure). 

 

Figure 22 – External Forces Acting on Concrete Wall Anchorage 

 

Figure 23 – Passive earth pressure of the concrete wall anchorage 

3) When the active failure plane of the sheet pile and the passive failure plane of the concrete wall 

anchorage drawn intersect below the ground surface level see Figure 23), it is desirable to consider the 

fact that the passive earth pressure Ep acting on the vertical surface above the intersection point does 

not function as a resistance force, it should be subtracted from the value of Ep. When the intersection 

Residual water level 
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point is located above the residual water level, the active earth pressure to be subtracted may be 

calculated using equation (32): 

∆𝐸𝑝 =
𝐾𝑝𝛾ℎ𝑓

2

2
 (32) 

Where: 

Kp coefficient of passive earth pressure; 

 unit weight of soil (kN/m3); 

hf depth from the ground surface to the intersection of the failure planes (m). 

4) Concrete wall anchorage should be designed safely against the bending moment caused by the earth 

pressure and the tie rod tension. In general, the maximum bending moment may be calculated by 

assuming that: the earth pressure is approximated to  an  equally  distributed  load  and   the concrete 

wall anchorage is a continuous slab in the horizontal direction and a cantilever slab fixed at the tie rod 

setting point in the vertical direction, and then using equation (33) and (34):  

𝑀𝐻 = 𝑇𝑙
12⁄  (33) 

𝑀𝑉 = 𝑇ℎ
8𝑙⁄  (34) 

Where: 

MH horizontal maximum bending moment (kN.m); 

Mv vertical maximum bending moment per meter in length (kN.m/m); 

T tie rod tension (kN); 

l tie rod interval (m); 

h height of concrete wall anchorage (m). 

5) The layout of the reinforcing bars for MH may be determined on the assumption that the effective width 

of the concrete wall anchorage is 2b with the tie rod setting point as the center, where b is the thickness 

of the concrete wall anchorage at the tie rod setting point. 

7.3.3.4 Design of Vertical Pile Anchorage 

Vertical pile anchorage may be designed as vertical piles with an external force due to tie rod tension. 

7.3.3.5 Design of Coupled-Pile Anchorage 

Coupled-pile anchorage may be designed as a coupled piles with an external force due to tie rod tension. 

7.3.3.6 Design of Sheet Pile Anchorage  

1) When the sheet pile anchorage below the tie member installation point is long enough to be regarded 

a long pile, the cross section of the sheet pile anchorage may be determined in accordance with 7.3.3.4. 

2) On the assumption that the earth pressure acts on a range down to lm1/2 point below the tie member 

installation point (Figure 24), sheet pile anchorage that cannot be regarded a long pile may be verified. 

The length lm1 is the vertical distance from the tie member installation point to the first zero point of the 

flexural moment of a sheet pile assuming that the sheet pile anchorage is a long pile. 

3) To determine if a sheet pile anchorage can be regarded a long pile and to calculate the first zero point 

of the flexural moment of the sheet pile anchorage, refer to 3.4.8, chapter 2, part III of OCDI 2019. 

(Draft)



TCVN 11820-5:2019 

50 

4) Sheet pile anchorage shall be provided with waling at the tie member installation points in a manner 

that equally transmits the tension force of tie members to sheet piles.  For the performance verification of 

the waling and waling installation methods, refer to 7.3.2.8.  

5) When a sheet pile anchorage cannot be installed with an enough distance from the sheet pile body, 

a double sheet pile structure may need to be examined as an alternative to the sheet pile anchorage 

(refers to 7.9). 

6) There have been reports indicating that the coefficients of lateral subgrade reaction of sheet piles (2D 

k value) are smaller than those of piles. Therefore, care should be exercised when examining the stability 

of sheet pile anchorage. 

 

Figure 24 – Virtual earth pressure for short sheet pile anchorage 

7.3.3.7 Design check using Parital Factor Method 

1) Design check of Vertical Pile Anchorages and Coupled-pile Anchorages using Parital Factor Method 

refers to Equation (4), (5), (6), and TCVN 11820-4-1:2019, and Guidance on the design of walings of the 

equivalent standards. 

2) Design check of Slab Anchorage uses the equation (35): 

𝛾𝑆𝑑S ≤
𝑅

𝛾𝑅𝑑
 (35) 

Where: 

R passive earth pressure (kN/m); 

S reaction of tie member plus active earht pressure (kN/m); 

Sd partial load factor, refer to TCVN 11820-2:2017; 

Rd resistance factor, its value is equal of 1.0. 

7.3.3.8 Design check using Load and Resistance Factor Method 

1) The vertical pile anchorages can be verified as vertical piles to which the tension force of tie members 

is horizontally applied. 

2) The coupled-pile anchorages can be verified as coupled piles to which the tension force of tie 

members is horizontally applied, equation (36): 

𝑚
𝛾𝑆𝑆𝑘

𝛾𝑅𝑅𝑘
≤ 1 (36) 
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𝑅𝑘 = 𝑅𝑢𝑘
 

𝑆𝑘 = 𝑁𝑘 

Where: 

N axial force of a coupled-pile anchorage (N); 

RU maximum static axial resistance force of a coupled-pile anchorage (N); 

R resistance term (N/mm2); 

S load term (N/mm2); 

s, R và m are defined in equations (11), their value can be selected from Table 5. 

k indicates the characteristic value. 

Table 5 - Partial factors for the Axial force Verification of Coupled-Pile Anchorages 

Design situations Type of pile R S m 

Operation Tension pile 1.00 1.00 3.00 

Compression pile 1.00 1.00 2.50 

Unusual Tension pile 1.00 1.00 2.50 

Compression 

pile 

Bearing pile 1.00 1.50 1.50 

Friction pile 1.00 2.00 2.00 

3) Design check of Slab Anchorage 

The height and placing depth of slab anchorage may be determined to satisfy the Equation (37): 

𝑚
𝛾𝑆𝑆𝑘

𝛾𝑅𝑅𝑘
≤ 1 

𝑅𝑘 = 𝐸𝑝𝑘 

𝑆𝑘 = (𝐴𝑝𝑘
+ 𝐸𝐴𝑘

) 

(37) 

Where: 

EP passive earth pressure acting on slab anchorage (kN/m); 

AP reaction at the tie member installation point (kN/m); 

EA active earth pressure acting on slab anchorage (kN/m); 

s, R và m are defined in equations (11), their value can be selected from Table 6. 

k indicates the characteristic value. 

Table 6 - Partial factor for the stability verification of slab anchorage 

Design situations R S m 

Operation 1.00 1.00 1.67 

Unusual 1.00 1.00 1.12 
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7.3.4 Design check of Superstructures 

1) Action applied on superstructures composes the earth pressure, tractive forces of ships and the 

fender reaction force. 

2) A superstructure may be verified as a cantilever beam that is fixed at the top of the sheet pile and 

subjected to the earth pressure as an action. However, it is necessary to consider the tractive forces of 

ships and the active earth pressure behind the wall for the parts on which bollards are installed and the 

fender reaction force and the passive earth pressure behind the wall for the parts on which fenders are 

installed. The only factor that should be considered with regard to conditions during an earthquake is the 

active earth pressure 

3) The tractive forces of ships and fender reactions may be applied (Figure 25(a) and Figure 26(a)) by 

assuming that they are acting over the width b of the superstructure as shown in the figures. In this case, 

when considering the tractive forces, a surcharge shall be considered in the active earth pressure 

calculation. When applying the fender reactions, the passive earth pressure surcharge shall not be 

considered. 

 

Figure 25 – Tractive forces of ship acting on superstructure 

 

Figure 26 – Fender reactions acting on superstructure 

4) The performance verification of superstructures shall be generally performed by assuming that they 

are constructed of reinforced concrete. 
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5) Superstructures can be considered as beams on elastic foundations when determining the 

reinforcement arrangement in a horizontal direction. 

6) It is necessary to ensure the reliable transmission of flexural moment acting on superstructures to 

sheet piles by sufficiently embedding the upper sections of sheet piles in the superstructures and by 

connecting the reinforcement to the sheet piles by welding. 

7.3.5 Points of Caution When Installing Sheet Pile Quaywalls on Soft Ground 

1) The design check of a sheet pile wall on soft ground, such as alluvial cohesive soil on soft seabed, 

should preferably be conducted via comprehensive examinations because an unexpected large 

deformation may occur in sheet piles constructed on soft ground owing to lateral flows that are caused 

by the settlement of the ground behind the sheet pile wall.  

2) For soft ground, it is preferable to perform soil improvement work.  

3) When deliberating the embedded lengths of sheet piles, the deflection curve method, which is a type 

of fixed earth support method based on the classical earth pressure theory that deals with the sheet piles 

with deep embedded lengths can be used.  

NOTE: The deflection curve method obtains an embedded length by solving an equation under the following conditions: the 

displacement and deflection angle at the lower end of embedment are zero; the displacement at a tie member installation point 

is zero and is under the loading conditions shown in Figure 27. 

4) It is advisable to comprehensively deliberate the flexural moment in sheet piles and the tensile force 

in tie members by using the method for flexural moment and tie member installation point reaction force, 

which is explained in the section 7.3.2, including deflection curve method mentioned above. 

 

 

Figure 27 – Earth pressure and deflection curve 

5) Generally, for cohesive soil ground, the stability of embedment cannot be achieved unless Equation 

(38) is satisfied: 

4𝑐𝑢 > 𝑞 + ∑ 𝑤𝑖 + 𝜌𝑤𝑔ℎ𝑤 (38) 

Where: 

cu undrained shear strength of sea-bottom soil (kN/m2); 
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q loaded weight (kN/m2); 

wi weight of the ith soil layer above the seafloor surface or underwater weight of a soil layer if it is 

below a residual water level (kN/m2);  

w density of seawater (t/m3); 

g gravitational acceleration (m/s2); 

hw difference between a residual water level and a tidal level in front of a quaywall (m); 

6) When soft seabed does not satisfy Equation (38), the seabed needs to be improved by an appropriate 

method or a sheet pile wall with a relieving platform that needs to be used as a countermeasure. 

7.4  Sheet Pile Quaywalls with Relieving Platform 

7.4.1 Scope of Application 

The provisions in this chapter shall be applied to the design of quaywall with relieving platform that 

comprises a relieving platform, a sheet pile wall in front of the relieving platform, and relieving platform 

piles. 

7.4.2 Principles of design 

1) The design of a quaywall with a relieving platform shall be made separately for the sheet piles, the 

relieving platform, and the relieving platform piles. 

2) In the design of a quaywall with a relieving platform, the stability of the structure as a whole shall be 

examined against sliding, overturning, and circular slip. 

3) The sheet piles should be designed in accordance with section 7.3.2, and the relieving platform and 

its supporting piles should be designed in consideration the reaction force acting on the upper part of 

sheet piles, earth pressure, surcharge, deadweight, and earthquake forces. 

4) As for the stability analysis of the structure as a whole, the provisions given in section 6.3 and 6.4, 

and the provisions given in TCVN 11820-4-1:2019 should be observed with respect to circular slip. 

Examination of stability with respect to circular slip is required for soft ground, but generally not required 

for relatively hard ground such as sand and sandy soil. 

  

Figure 28 - Structure of Quaywall with Relieving Platform 

7.4.3 Determination of Height and Width of Relieving Platform 

1) The installation level and shape of the relieving platform shall be appropriately determined in 

consideration of the external force conditions, cost, easiness of construction work. 
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2) The design of the installation level and shape of the relieving platform should be made by taking 

careful consideration to the following points: 

a) When the height of relieving platform is large and its bottom is located at a low elevation, the earth 

pressure acting on the sheet piles can be lessened, therefore making the cross section and 

embedded length of the sheet piles smaller. But this generally requires a heavier weight of relieving 

platform, so accordingly larger seismic forces against it. Therefore, this results in requiring a larger 

quantity and longer length of relieving platform piles. A search should be made for the solution with 

the minimum cost; 

b)  It is recommended to lower the bottom of the relieving platform down to the residual water level to 

prevent the corrosion of relieving platform piles, because the ground below the relieving platform 

bottom may settle and produce void below it, which enhances corrosion with the presence of air; 

c)  The width of relieving platform is normally determined in such a way that the relieving platform and 

the active failure plane of the sheet piles drawn from the sea bottom intersect so that the earth 

pressure acting on the sheet pile wall is reduced. In doing this, it is necessary to check that a sufficient 

width is secured that accomodates the required number of relieving platform piles to be deployed in 

an appropriate manner. 

7.4.4 Earth Pressure and Residual Water Pressure Acting on Sheet Piles 

1) The earth pressure and residual water pressure acting on sheet piles shall be calculated appropriately 

in consideration of the structural characteristics of the quaywall with a relieving platform. 

2) When the active failure plane of sheet piles from the intersection between the sea bottom and sheet 

piles intersects the relieving platform, the active earth pressure acting on the sheet pile wall should be 

calculated on the assumption that the bottom of the relieving platform is the virtual ground surface as 

shown in Figure 29. 

3) The residual water pressure acting on the sheet pile wall should be considered the same as that of 

the case without a relieving platform. But the force to be adopted should be the residual water pressure 

acting on the range below the bottom level of relieving platform (Figure 29). 

4) Passive earth pressure refers to section 7.2. 

 

Figure 29 - Earth Pressure and Residual Water Pressure Acting on Sheet Pile Wall 
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7.4.5 Design of Sheet Pile Wall 

1) The embedded length of sheet piles shall be such that the bottom end of sheet piles is secured 

sufficiently against the external forces that act on the sheet pile wall. The cross section of the sheet piles 

shall be such that the stress calculated by a method suitable for the structural characteristics of the 

quaywall with a relieving platform does not exceed the allowable strength of the material. 

2) The embedded length of sheet piles of a sheet pile wall with a relieving platform should be basically 

designed in accordance with section 7.3.2 by assuming the joint between the sheet pile wall and relieving 

platform as a hinger support and replacing the tie rod setting point with the bottom elevation of relieving 

platform. 

3) In addition to the bending moment due to earth pressure, the bending moment and vertical force 

transmitted from the relieving platform act on the sheet piles of a sheet pile wall. Normally the bending 

moment transmitted from the relieving platform is not taken into consideration, because it usually acts in 

a direction opposite to that of the maximum bending moment that acts on the sheet piles (and thus 

reduces the maximum bending moment). 

4) Normally the vertical force transmitted from the relieving platform to the sheet pile wall is not taken 

into consideration because the front row of relieving platform piles are usually driven in as close to the 

sheet pile wall as possible and this dramatically reduces the vertical force acting on the sheet piles. 

7.4.6 Design of Relieving Platform and Relieving Platform Piles 

The following shall be considered as the external forces acting on the relieving platform: 

1) The horizontal force transmitted from the sheet pile wall should be calculated with the method same 

as that for the reaction at the tie rod setting point by regarding the bottom elevation of relieving platform 

as a tie rod setting point; 

2) It should be assumed that the earth pressure acting on the rear of the relieving platform acts on the 

vertical plane that contains the rear face of the relieving platform; 

3) The part above the bottom of relieving platform is subjected to the active earth pressure and the part 

below the bottom is subjected to both the active and passive earth pressure up to the point where the 

sum of the two becomes zero (0), as shown in Figure 30; 

4) The tractive force of vessels and fender reaction force also act on the relieving platform, but usually 

these external forces need not be considered; 

5) The external forces transmitted from the sheet pile wall to the relieving platform include the horizontal 

force and bending moment. However, the transmission of the bending moment is ignored for the sake of 

safety, because the attachment of the sheet piles to the relieving platform may not be secure enough. 

 

Figure 30 - External Forces Acting on Relieving Platform 
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7.4.7 Design of Relieving Platform 

1) Relieving platform shall be designed appropriately in consideration of its structural shape. 

2) A relieving platform should be designed as a continuous beam supported by the head of the relieving 

platform piles. When the relieving platform is an L-shaped structure, the upright section should be 

designed as a cantilever beam supported at the slab section. 

3) A relieving platform should be designed as a continuous beam for both the direction of quaywall 

alignment and the direction perpendicular to the alignment (see Figure 31). Loads should not be 

distributed in the two directions. 

7.4.8 Design of Piles 

1) Relieving platform piles shall be designed appropriately in consideration of the ground conditions, 

assignment of external forces and loads to piles, easiness of construction work.. 

2) Piles should be designed in accordance with TCVN 11820-4-1:2019 

3) In principle, relieving platform piles should consist of a combination of coupled piles and vertical piles. 

The horizontal external force may be assigned to the coupled piles only, and the vertical external force 

may be assigned to the vertical piles only. It may be assumed that each of the coupled piles shares the 

horizontal force equally; 

4) In the design of relieving platform piles, assessment should be made for the most dangerous state of 

each pile by varying the surcharge, direction of earthquake forces, and sea level within the design 

condition ranges. 

 

Figure 31 - Continuous Beam Assumed in Design of Relieving Platform 

7.4.9 Examination of Stability as Gravity Type Wall 

1) The examination of the stability of a quaywall with relieving platform as a whole shall be made by 

assuming that the quaywall with relieving platform is a kind of gravity type wall. 
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2) A quaywall with relieving platform may be considered as a rectangular gravity wall defined by a vertical 

plane containing the rear face of the relieving platform and a horizontal plane containing the bottom ends 

of the front side batter piles of the coupled piles, as shown in Figure 32. 

 

Figure 32 - Virtual Wall as Gravity Type Wall 

7.4.10 Examination of Stability against Circular Slip 

When a sheet pile quaywall with a relieving platform is to be constructed on soft ground, an examination 

should be made on the stability against the circular slip passing the ground below the lower end of the 

sheet pile wall. 

7.5 Sheet Pile Cellular-Bulkhead Quaywalls 

7.5.1 Principle of Design 

1) The provisions in this chapter shall be applied to the design of quaywalls with steel sheet pile cellular- 

bulkhead structure. 

2) The design of a steel sheet pile cellular bulkhead quaywall is preferably made in accordance with the 

sequence depicted in Figure 34. 

3) It is recommended that the hollow space in the cells be filled to a sufficient density with sand or gravel 

of good quality. It is not desirable to use a clayey soil as the filling material. When clayey soil is to remain 

in the cells, it is necessary to make separate examination because the deformation of the cells may 

become significantly large. 

4) When a foundation for a crane, quay shed, or warehouse is to be built within a cell, it is desirable to 

use bearing piles to transmit the load to the bearing stratum. 

7.5.2 External Forces Acting on Steel Sheet Pile Cellular-Bulkhead Quaywall 

1) External forces acting on steel sheet pile cellular-bulkhead quaywall is calculated according to TCVN 

11820-2:2017. 

2) The rear of the wall is subjected to active earth pressure above the sea bottom. It should be assumed 

that the part of the wall below the sea bottom is subjected to (a) active earth pressure in the examination 

of shear deformation and (b) earth pressure generated by surcharge pressure such as the weight of 

backfilling and surcharge load in the examination of stability of the structure as a whole (Figure 35). 

NOTE: The part of wall below the sea bottom is subjected to the loads corresponding to the earth pressure at rest, because the 

deformation of the embedded section of the cell is small. According to the results of vibration experiments, the earth pressure 
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acting on this part works as a resisting force against overturning of the wall. In the design of quaywall, therefore, the earth 

pressure that is generated by backfilling and surcharge under ordinary conditions should be used as this earth pressure. 

 

Figure 33 – Examples of the Cellular-bulkhead Quaywalls with Embedded Sections 

3) The residual water level of the backfilling should be taken at the elevation with the height equivalent 

to two thirds of the tidal range above the low water level. However, when using a backfilling with low 

permeability, the residual water level may become higher than this and thus it is desirable to determine 

the residual water level based on results of investigations of similar structures. The residual water level 

in the filling material used to fill the cells may be set to the same level as that of the backfilling for the wall 

body. 

4) For the sea bottom and above, the seismic coefficient to be used in the calculation of the seismic 

force that acts on the filling material is the design seismic coefficient. For the part below the sea bottom, 

this value is reduced linearly in such a way that it becomes zero at 10 m below the sea bottom. In principle, 

the seismic coefficient is not considered for the part deeper than that level (Figure 37). 
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Figure 34 - Sequence of Design of Steel Sheet Pile Cellular-Bulkhead Quaywall 

 

Figure 35 - Earth Pressure Acting on the Back of Wall Body (for Examination of Shear 

Deformation) 

Surcharge

Seabed

Wall body Backfilling

Active earth pressure

Active earth pressure
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Figure 36 - Earth Pressure Acting on the Back of Wall Body (for 

Examination of the Stability as Gravity Wall) 

 

Figure 37 - Design 

Seismic Coefficient 

for Filling 

7.5.3 Examination of Wall Width against Shear Deformation 

7.5.3.1 General 

The examination of the strength of the wall body against shear deformation shall basically be made for 

the loads acting on the wall under ordinary conditions. 

NOTE: The cell shell and filling of the steel sheet pile cellular bulkhead usually act as an integrated structure, because the filling 

is constrained in the cell shell. Therefore, the deformation of the cell wall body may be ignored relative to its displacement and 

the overall behavior of the cell wall body may be considered the same as that of a rigid body. This has been verified by model 

tests in which cell wall bodies did not show significant deformation under the loads much larger than the external forces that are 

expected to act on the cell wall body both under ordinary conditions and during an earthquake. In general, therefore, it can be 

said that shear failure does not occur in the filling. However, when the diameter of the cell is very small or the strength of the 

filling material is extremely low, it may not be possible to consider the cell wall body as a rigid body. Therefore, it is necessary 

to make examination of the strength of the filling against shear deformation due to the loads under ordinary conditions in order 

to reduce deformation of the cell wall body to a negligible level. 

7.5.3.2 Equivalent Width of Wall 

1) The equivalent width of wall is the width of a rectangular virtual wall body that is used in place of the 

wall body combined with cells and arc sections to simplify design calculations (see Figure 38). The virtual 

wall is defined in such a way that the area of the horizontal cross section of the virtual wall body becomes 

the same as that of the combined cells and arc sections 

2) The equivalent width of wall should be such that the equations (39) or (40) for the shear deformation 

of wall body are satisfied. 

7.5.3.3 Patial factor method 

The equivalent width of wall should be such that the equations (39) for the shear deformation of wall body 

are satisfied: 

𝛾𝑆𝑑𝑀𝑆 ≤
𝑀𝑅

𝛾𝑅𝑑
     

𝛾𝑆𝑑𝑀′𝑆 ≤  
𝑀′𝑅

𝛾𝑅𝑑

   

(39) 

Where: 

MS deformation moment with respect to wall bottom (kNm/m); 

M’S deformation moment with respect to sea bottom (kNm/m); 

MR resisting moment with respect to wall bottom (kNm/m); 

L.W.L. R.W.L.

Surcharge

Wall body

Seabed

Backfilling

Active earth pressure

Earth pressure below the seabed by equation (2.9.1)

Seismic coefficient for verification
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M’R resisting moment of filling material of cell with respect to sea bottom (kNm/m); 

Sd partial load factor, according to 11820-2:2017; 

Rd resistance factor, the value is equal to 1.0. 

 

Figure 38 - Plan View of Cellular-Bulkhead Structure and Equivalent Width B  

7.5.3.4 Load and resistance factor design method  

The equivalent width of wall should be such that the equations (40) for the shear deformation of wall body 

are satisfied: 

𝑚 (
𝛾𝑆𝑑. 𝑀𝑆𝑘

′

𝛾𝑅𝑑 . 𝑀𝑅𝑘
′ ) ≤ 1 

𝑚 (
𝛾𝑆𝑑 . 𝑀𝑆𝑘

𝛾𝑅𝑑 . 𝑀𝑅𝑘

) ≤ 1 

(40) 

Where: 

MS deformation moment with respect to wall bottom (kNm/m); 

M’S deformation moment with respect to sea bottom (kNm/m); 

MR resisting moment with respect to wall bottom (kNm/m); 

M’R resisting moment of filling material of cell with respect to sea bottom (kNm/m); 

s, R và m are defined in equations (11), their value can be selected from Table 7. 

k indicates the characteristic value. 

 

Table 7 - Partial factor for Examination of Wall Width against Shear Deformation 

Design situation R S m 

Operation 1.00 1.00 1.20 

Unusual 1.00 1.00 1.00 

r

2L

2S B

r

120°

120°

L

BS

r

2L

2S B

r

(a) Circular cells

(b) Diaphragm Type Cells (c) Clover Leaf Type Cells

B=S/L
B : equivalent wall width (m)
L : effective length of one set of cell (m)
S : area of set of cell (m2)
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7.5.3.5 Calculation of Deformation Moment 

1) The deformation moment shall be an overturning moment at the sea bottom or the wall bottom due 

to external forces such as active and passive earth pressures above the sea bottom or the wall bottom 

and residual water pressure 

2) In the calculation of deformation moment, earth pressure is considered only in terms of the horizontal 

component. The vertical component is not taken into consideration. The vertical force of the surcharge is 

not taken into consideration in the calculation of deformation moment. However, the surcharge is taken 

into consideration in the calculation of active earth pressure (see Figure 39). 

 

Figure 39 - Loads and Resisting Forces to Be Taken into Consideration in the Examination of 

Shear Deformation 

7.5.3.6 Calculation of Resisting Moment  

1) The resisting moment of wall shall be calculated appropriately in consideration of the structural 

characteristics of the cellular-bulkhead wall and deformation of the wall. 

2) The resisting moment with respect to the wall bottom may be increased by increasing the embedded 

length ratio D/H (see Figure 40). This can be calculated using equation (41): 

𝑀𝑟 = (1 + 𝛼
𝐷

𝐻
) (𝑀𝑟𝑜 + 𝑀𝑟𝑠) (41) 

Where: 

Mr resisting moment with respect to wall bottom (kNm/m; 

Mro resisting moment of the filling with respect to wall bottom (kNm/m); 

Mrs resisting moment due to the friction force of sheet pile joints, with respect to wall bottom 

(kNm/m); 

D embedded length (m); 

H height from wall bottom to wall top (m); 

 increment factor for the embedded length ratio D/H,  = 1.0. 

7.5.3.7 Equation for calculating the resisting moment of filling 

1) In the determination of the resisting moment of filling at the wall bottom, it is assumed that: 

a) an active failure plane is generated from the bottom of the front of the wall and a passive failure 

plane is generated from the bottom of the rear of the wall; 

b) the active and passive earth pressures act on the respective failure planes, as shown in Figure 

41. The active and passive failure angles as well as the active and passive earthpressures are 

calculated using the following Rankine’s equations. 

L.W.L. R.W.L.M
r

Surcharge

Backfilling

Active
earth
pressure

Active
earth
pressurePassive earth pressure

Residual water pressure

Seabed
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
𝑎

=
𝜋

4
+



2
 

active failure plane 

(42) 


𝑝

=
𝜋

4
−



2
 

pasive failure plane 

𝑝𝑎 = 𝐾𝑎 . 𝛾ℎ,   𝐾𝑎 =
1 − 𝑠𝑖𝑛

1 + 𝑠𝑖𝑛
 

active earth pressure 

𝑝𝑝 = 𝐾𝑝. 𝛾ℎ,   𝐾𝑝 =
1 + 𝑠𝑖𝑛

1 − 𝑠𝑖𝑛
 

pasive earth pressure 

Where:  

 internal friction angle of filling (°); 

 unit weight of soil (kN/m3); 

h thickness of soil layer (m) 

Ka active earth pressure coefficient; 

Kp passive earth pressure coefficient. 

 

Figure 40 - Relationship between Resisting Moment and Embedded Length Ratio 

2) The moment caused by the earth pressure acting on the shear plane may be calculated by using 

equation (43) and referring to Figure 41. 

𝑀𝑟𝑜 = ∫ (𝑝𝑝 − 𝑝𝑎)(𝑑 − 𝑥).
2

3
tan  𝑑𝑥

𝑑

0

 (43) 

Where:  

d and x are showed in the Figure 41; 
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Other parameter are defined in the equation 42. 

 

Figure 41 - Assumed Shear Planes of Filling  

3) When the geotechnical constants of the ground and those of the filling differ, equation (43) becomes 

complex as the failure angle and the earth pressure level vary from one soil layer to another. However, 

when there is no significant difference in the internal friction angle between the ground and filling, or when 

the embedded length ratio is larger, and the failure planes do not reach the filling, the following simplified 

equation may be used: 

𝑀𝑟𝑜 =
1

6
𝛾0𝑅0𝐻0

3 

𝑅0 =
2

3
0

2(3 − 0 cos ) tan  . sin  

0 =
𝐵

𝐻0

 

(44) 

Where: 

o equivalent unit weight of filling (unit weight of the filling which assumes that the unit weight is 

uniform throughout the filling). (kN/m3). 

B equivalent wall width (m) 

Ho equivalent wall height measured from wall bottom; 

 internal friction angle of filling (°) 

4) The equivalent wall height is employed to calculate the resisting moment due to the filling by using 

the equivalent unit weight of the filling. It is evaluated by means of equation (45): 

𝐻0 =
1

𝛾0
∑ 𝛾𝑖ℎ𝑖 (45) 

Where: 

i unit weight of the i-th layer of filling i (kN/m3); 

hi thickness of the i-th layer (from wall bottom to wall top) (m) 

7.5.3.8 Equation for calculating resisting moment due to friction force of the joints of sheet piles 

 p  a 
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1) The resisting moment due to friction force of joint is calculated as follows: 

𝑀𝑟𝑠 =
1

6
𝛾0. 𝑅𝑆. 𝐻𝑠

3 

𝑅𝑠 =
3

2
𝑣𝑠𝑓 tan  

𝑠 =
𝐵

𝐻𝑠
 

(46) 

Where: 

o equivalent unit weight of filling (kN/m3); 

  internal friction angle of filling (°) ; 

B equivalent wall width (m) ; 

f coefficient of friction between sheet pile joints; usually 0,3 is used; 

Hs equivalent wall height measured from the wall bottom (m). 

2) The equivalent wall height Hs is employed to calculate the resisting moment due to the friction force 

between the sheet pile joints when the equivalent unit weight of the filling is used. It is evaluated using 

equation (47) so that the resultant force of the distributed earth pressure, ignoring surcharge, between 

the wall bottom and wall top (see Figure 43) becomes equal to that of the equivalent earth pressure 

distribution. In this calculation, 0,5tan is used as the coefficient of earth pressure of the filling. Note that 

this is different from the coefficient of earth pressure used in the calculation of hoop tension. 

𝐻𝑠 = 2√
∑ 𝑃𝑖

𝛾0 tan 
 (47) 

Where: pi resultant earth pressure of the i-th layer of filling. 

7.5.3.9 The resisting moment of the filling with respect to the sea bottom 

1) In the calculation of the resisting moment of the filling with respect to the sea bottom, equations (48) 

may be used: 

𝑀𝑟
′ =

1

6
𝛾0. 𝑅0

′ . 𝐻0
′3

 

𝑅0
′ = 𝑣0

′2
(3 − 𝑣0

′ cos 
′) sin 

′ 

0
′ =

𝐵

𝐻0
′  

(48) 

Where: 

M’r resisting moment of sheet pile cell with respect to sea bottom (kNm/m); 

o equivalent unit weight of filling (kN/m3); 

’ internal friction angle of the filling above sea bottom (°); 

H’o equivalent wall height measured from sea bottom (m). 
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2) The equivalent wall height is employed to calculate the resisting moment due to the filling by using 

the H’o equivalent unit weight of the filling. It is evaluated by means of equation (49): 

𝐻0
′ =

1

𝛾0
∑ 𝛾𝑖

′ ℎ𝑖
′ (49) 

Where: 

0 unit weight of the filling of the i-th layer above sea bottom (kN/m3); 

h’i  thickness of the i-th layer above sea bottom (m). 

 

Figure 42 - Chiều cao tường tương đương 

3) Increasing the strength of the filling heightens the rigidity of the cellular-bulkhead wall. Therefore, 

improvement work of filling is effective in increasing the stability of the cellular-bulkhead wall. 

7.5.4 Examination of Stability of Wall Body as a Whole 

7.5.4.1 General 

1) In the examination of stability of wall body, the wall shall be considered as a gravity wall supported 

by the ground. 

2) In the examination of the stability of the wall, the subgrade reaction generated against the load and 

the displacement of the wall are calculated by considering the wall as a rigid body elastically supported 

by the ground. 

3) Within the elastic range of the ground, the subgrade reaction force is calculated as the product of the 

modulus of subgrade reaction and the displacement. Here it is considered that the stability of the wall as 

a gravity wall is obtained when the subgrade reaction force and the displacement of the wall do not 

exceed the respective allowable limits. 

7.5.4.2 Modulus of Subgrade Reaction 

1) Modulus of Subgrade Reaction in the wall stability test such as the gravity wall should pay attention 

to the following: 

a) In principle, the modulus of subgrade reaction used in the examination of the stability of wall as a 

gravity wall shall be determined based on the results of in-situ investigation; 

b) The modulus of subgrade reaction includes the modulus of horizontal subgrade reaction, the 

modulus of vertical subgrade reaction, and the horizontal shear modulus at the wall bottom. 

MNCTK 

MNTTK 

(a) Phân bố áp lực đất                                    (b) Phân bố áp lực đất tương đương 
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2) Modulus of Horizontal Subgrade Reaction 

Modulus of horizontal subgrade reaction may be calculated as below: 

𝑘𝐻 = 2𝑁 (50) 

Where: 

kH modulus of horizontal subgrade reaction coefficient (N/cm3) ; 

N is SPT value. 

NOTE : When the ground consists of the strata of different characteristics, the modulus of horizontal subgrade reaction should 

be calculated for each stratum. 

3) Modulus of Vertical Subgrade Reaction 

For the modulus of vertical subgrade reaction at the wall bottom, the same value as the modulus of 

horizontal subgrade reaction at the wall bottom should be used. When the ground consists of the strata 

of different characteristics, the modulus of vertical subgrade reaction should correspond to the stratum at 

the wall bottom. However, when there is an extremely soft stratum below the wall bottom, it is necessary 

to give careful consideration to its effects. 

4) Horizontal Shear Modulus 

The horizontal shear modulus at the wall bottom may be calculated by means of equation (64) using the 

modulus of vertical subgrade reaction, equation (51): 

𝑘𝐵 =   𝑘𝑣 (51) 

Where: 

ks horizontal shear modulus (N/cm3); 

 ratio of the horizontal shear modulus to the modulus of vertical subgrade reaction, The use of  

values is in the range of 1/2 to 1/5. In the case of steel sheet pile cellular bulkhead however, it is 

considered that the value of may be set as about 1/3; 

kv modulus of vertical subgrade reaction (N/m3). 

7.5.4.3 Calculation of Subgrade Reaction and Wall Displacement 

1) The subgrade reaction and wall displacement shall be calculated on the assumption that the wall 

under the load is supported by the subgrade reaction force and the vertical frictional force along the wall 

surface. The subgrade reaction acting on the embedded part of steel sheet pile cellular-bulkhead and the 

wall displacement should be calculated on the assumption that the wall subject to the external forces is 

supported by the horizontal subgrade reaction, vertical subgrade reaction and horizontal shear reaction 

at the bottom of wall, and vertical frictional force along the front and rear of the wall. 

2) Horizontal subgrade reaction 

Horizontal subgrade reaction may be calculated by means of equation (52), but this should not exceed 

the passive earth pressure intensity calculated in accordance with TCVN 11820-4-1:2019 to prevent the 

yielding of the ground. 

3) Vertical subgrade reaction 
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The vertical subgrade reaction at the wall bottom acts in a trapezoidal or triangular distribution. It should 

be assumed that no tensile stress is generated. 

4) Vertical Frictional Force 

It should be assumed that vertical frictional force acts on the front and rear of the wall and is calculated 

as the product of the horizontal earth pressure or subgrade reaction force and tan, where denotes the 

angle of wall friction. 

 

Figure 43 - Distribution of Horizontal Subgrade Reaction 

 

Figure 44 - Distribution Patterns of External Forces Acting on Steel Sheet Pile Cellular-Bulkhead 

Quaywall 

5) Distribution of External Forces 

Figure 44 shows standard distribution patterns of the external forces acting on steel sheet pile 

cellularbulkhead quaywall such as loads and subgrade reaction forces ... 

6) Displacement Modes of Wall 
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a) As shown in Figure 45, it is assumed that the cell wall rotates around its center of rotation O, which 

is horizontally away from the center axis of the cell by the distance e and vertically away from the sea 

bottom by the depth h.  

b) When the center of rotation is located inside the cell, the horizontal subgrade reaction is generated 

in the rear of the wall for the part below the center of rotation. 

 

Figure 45 - Displacement Modes of Wall 

 

Figure 46 - Calculation Model for Subgrade Reaction and Wall Displacement 

7) Equation for Calculating Subgrade Reaction and Wall Displacement 

a) Figure 46 hows a calculation model for a case in which (a) horizontal force, vertical force, and 

moment act at the intersection of the ground surface and the center axis of the cell wall and (b) the 

ground comprises n layers of soil. Equations for calculating the subgrade reaction and cell wall 

displacement of the model shown in Figure 46 are as follows. 
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b) When the vertical subgrade reaction acts in a trapezoidal distribution 

- Horizontal subgrade reaction (kN/m): 

𝑝12 =  𝑘𝐻1(ℎ − 𝑑1)𝜃 

𝑝21 =  𝑘𝐻2(ℎ −  𝑑1)𝜃 

𝑝22 =  𝑘𝐻2(ℎ −  𝑑1  −  𝑑2)𝜃 

⋮ 

𝑝𝑖1 =  𝑘𝐻𝑖 (ℎ −  ∑ 𝑑𝑗

𝑖−1

𝑗=1

) 𝜃 

𝑝𝑖2 =  𝑘𝐻𝑖 (ℎ −  ∑ 𝑑𝑗

𝑖

𝑗=1

) 𝜃 

⋮ 

𝑝𝑛1 =  𝑘𝐻𝑛 (ℎ −  ∑ 𝑑𝑗

𝑛−1

𝑗=1

) 𝜃 

𝑝𝑛2 =  𝑘𝐻𝑛 (ℎ −  ∑ 𝑑𝑗

𝑛

𝑗=1

) 𝜃 

(52) 

- Vertical subgrade reaction (kN/m): 

𝑞1 =  𝑘𝑣(𝑒 +
𝐵

2
)𝜃 

𝑞2 =  𝑘𝑣(𝑒 −  
𝐵

2
)𝜃 

(53) 

- Shear reaction force that acts at the wall bottom (kN/m): 

𝑄 = 𝑘𝑆(ℎ − 𝐷)𝜃𝐴 (54) 

- Horizontal displacement of the wall (m) 

𝛿𝑧 = (ℎ − 𝑧)𝜃 (55) 

- Angle of wall rotation (o) 

𝜃 =
𝑀𝐾1 + 𝐻𝐾3

𝐾1𝐾4 − 𝐾2𝐾3
 (56) 

- Depth of the center of wall rotation (m) 

𝜃 =
𝑀𝐾2 + 𝐻𝐾4

𝑀𝐾1 + 𝐻𝐾3
 (57) 

- Distance from the wall center axis to the center of rotation of the wall (m): 
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𝑒 =  
1

𝑘𝑉𝐴
{

𝑉

𝜃
− ℎ ∑ 𝑘𝐻𝑖𝑑𝑖 tan|𝛿𝑖| +  ∑ 𝑘𝐻𝑖𝑑𝑖 (∑ 𝑑𝑗 +

𝑖−1

𝑗=1

𝑑𝑖

2
) tan|𝛿𝑖| 

𝑛

𝑖=1

𝑛

𝑖=1

} (58) 

- K1, K2, K3, K4 are caculated as below: 

𝐾1 =  ∑ 𝑘𝐻𝑖𝑑𝑖

𝑛

𝑖=1

+  𝑘𝑆𝐴 

𝐾2 =  ∑ {𝑘𝐻𝑖𝑑𝑖 (∑ 𝑑𝑗 + 
𝑑𝑖

2

𝑖−1

𝑗 =1

)}

𝑛

𝑖=1

+ 𝑘𝑆𝐴𝐷 

𝐾3 =  ∑ {𝑘𝐻𝑖𝑑𝑖 (∑ 𝑑𝑗 + 
𝑑𝑖

2

𝑖−1

𝑗 =1

+ 
𝐵

2
tan 𝛿𝑖)}

𝑛

𝑖=1

+  𝑘𝑆𝐴𝐷 

𝐾4 =  ∑ {𝑘𝐻𝑖𝑑𝑖 (
𝑑𝑖

2

3
+ ∑ 𝑑𝑗 ∑ 𝑑𝑗

𝑖−1

𝑗=1

𝑖−1

𝑗 =1

+ 
𝐵

2
(∑ 𝑑𝑗 + 

𝑖−1

𝑗 =1

𝑑𝑖

2
) tan 𝛿𝑖)}

𝑛

𝑖=1

+  𝑘𝑆𝐴𝐷2 +  
1

12
𝑘𝑉𝐴3 

(59) 

The angle of wall friction    is negative for strata whose horizontal subgrade reaction force acts on 

the front of the wall, and positive for strata whose horizontal subgrade reaction force acts on the rear 

of the wall. 

c) When the vertical subgrade reaction acts in a triangular distribution 

- The horizontal subgrade reaction, horizontal wall displacement, angle of rotation, and depth of the 

center of rotation are expressed in the same form as those in b). 

- Vertical subgrade reaction (kN/m2): 

𝑞1 =  𝑘𝑣(𝑒 +
𝐵

2
)𝜃 (60) 

- Shear reaction that acts at the wall bottom (kN/m) 

𝑄 = 𝑘𝑆(ℎ − 𝐷)𝜃𝐴′ 

𝐴′ = 𝑒 + 𝐵
2⁄  

(61) 

- Distance between the wall center axis and the center of rotation of the wall (m) 

𝑒 = √
2

𝑘𝑉
{

𝑉

𝜃
− ℎ ∑ 𝑘𝐻𝑖𝑑𝑖 𝑡𝑎𝑛|𝛿𝑖| + ∑ 𝑘𝐻𝑖𝑑𝑖 (∑ 𝑑𝑗 +

𝑑𝑖

2

𝑖−1

𝑗=1

) 𝑡𝑎𝑛|𝛿𝑖|

𝑛

𝑖=1

𝑛

𝑖=1

} −
𝐵

2
 (62) 

- K1, K2, K3, K4 are caculated as below: 

𝐾1 = ∑ 𝑘𝐻𝑖𝑑𝑖 + 𝑘𝑆𝐴

𝑛

𝑖=1

′ 

𝐾2 = ∑ {𝑘𝐻𝑖𝑑𝑖 (∑ 𝑑𝑗 +
𝑑1

2

𝑖−1

𝑗=1

)} + 𝑘𝑆𝐴′𝐷

𝑛

𝑖=1

 

(63) 
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𝐾3 = ∑ {𝑘𝐻𝑖𝑑𝑖 (∑ 𝑑𝑗 +
𝑑𝑖

2
+

𝐵

2
𝑡𝑎𝑛 𝛿𝑖

𝑖−1

𝑗=1

)} + 𝑘𝑆𝐴′𝐷

𝑛

𝑖=1

 

𝐾4 = ∑ {𝑘𝐻𝑖𝑑𝑖 (
𝑑𝑖

2

2
+ ∑ 𝑑𝑗

𝑖

𝑗=1

∑ 𝑑𝑗 +
𝐵

2
(∑ 𝑑𝑗 +

𝑑𝑖

2

𝑖−1

𝑗=1

) 𝑡𝑎𝑛 𝛿𝑖

𝑖−1

𝑗=1

)} + 𝑘𝑆𝐴′𝐷2 +
1

6
𝑘𝑉𝐴′2(𝐵 − 𝑒)

𝑛

𝑖=1

 

- The angle of wall friction  should be negative for strata whose horizontal subgrade reaction acts 

on the front of the wall, and positive for strata whose horizontal subgrade reaction acts on the rear of 

the wall. 

d) The notations used in equations from (52) to (63): 

V vertical force acting on the wall (kN/m); 

H horizontal force acting on the wall (kN/m); 

M moment acting on the center of the wall at the level of ground surface (kNm/m) (external forces 

that act on the wall are those for the unit length in the direction along the face line of wall); 

D embedded length (m) ; 

di thickness of each soil layer of the ground between sea bottom and wall bottom (m) ; 

B equivalent width (m); 

kHi modulus of horizontal subgrade reaction of each layer of the strata between sea bottom and wall 

bottom (kN/m2) ; 

kV modulus of vertical subgrade reaction at cell bottom (kN/m2) ; 

ks horizontal shear modulus (at bottom) (kN/m2) ; 

A area of wall bottom per unit length of the wall in the direction face line (m2/m) ; 

A’ area of wall bottom per unit length of the wall in the direction of face line (when the value ofvertical 

subgrade reaction is positive) (m2/m). 

7.5.4.4 Examination of Bearing Capacity of the Ground  

The subgrade reaction acting on the wall bottom shall not exceed the allowable bearing capacity for the 

ground  (refer to TCVN 11820-4-1:2019). 

7.5.5 Examination against Sliding of Wall 

1) For the examination of wall stability against sliding, the shearing stress between the wall bottom and 

the ground shall not exceed an allowable shearing stress. 

2) The allowable shear resistance force acting between the wall bottom and the ground is calculated in 

accordance with equation (64) or (65). 

3) The vertical components of the earth pressure acting on the front and rear of the wall that should be 

taken into consideration include (a) the vertical component of the active earth pressure, (b) the friction 

force due to the earth pressure below the ground surface, and (c) the vertical component of the passive 

earth pressure. The vertical component of earth pressure is considered a positive force when it acts in 

the same direction as that of the wall weight. 

4) When the internal friction angle of the soil above the wall bottom is different from that below the wall 

bottom, it is recommended to use the smaller value as the internal friction angle at the wall bottom. 
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7.5.5.1 Patial factor method 

𝛾𝑆𝑑𝑄𝑠 ≤
𝑄𝑅

𝛾𝑅𝑑

     

𝑄𝑆 = 𝑄𝑣 × tan  

(64) 

Where: 

QS shearing stress between the wall bottom and the ground (kN/m); 

QR allowable shear resistance force (kN/m); 

Qv vertical resultant force of subgrade reaction (kN/m); 

 internal friction angle of the soil at the wall bottom (°); 

Sd partial load factor, refer to TCVN 11820-2:2017; 

Rd h resistance factor, Rd = 1.0. 

7.5.5.2 Load and resistance factor design method  

𝑚 (
𝛾𝑆. 𝑄𝑆𝑘

𝛾𝑅. 𝑄𝑅𝑘

) ≤ 1 

𝑄𝑆𝑘 = 𝑄𝑣𝑘 × tan  

(65) 

Where: 

QS shearing stress between the wall bottom and the ground (kN/m); 

QR allowable shear resistance force (kN/m); 

Qv vertical resultant force of subgrade reaction (kN/m); 

 internal friction angle of the soil at the wall bottom (°); 

s, R và m are defined in equations (11), their value can be selected from Table 8. 

k indicates the characteristic value. 

Table 8 - Partial factor for Examination against Sliding of Wall 

Design situation R S m 

Operation 1.00 1.00 1.20 

Unusual 1.00 1.00 1.00 

7.5.6 Examination of the horizontal displacement of the wall 

1) In  principle,  the  horizontal  displacement  of  the  wall  top  shall  not  exceed  the  allowable  limit  

of displacement. 

2) In general, the allowable displacement is determined in consideration of the structural stability and 

usage of the structure.  Because  an  excessive  displacement  of  the  wall  top  may  hamper  functional  

operation  of  mooring facilitis even when the subgrade reaction force etc. are lower than the respective 

allowable limits, it is desirable to define an allowable displacement. 

3) In the determination of an allowable displacement for a mooring facility, the following factors are taken 

into consideration: 

a) Structural stability; 
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b) Function; 

c) Construction and maintenance cost. 

 

Figure 47 - Damage Level and “Top Displacement to Wall Height Ratio” 

4) In the determination of allowable displacement, it is usually convenient to use the relationship 

between the top displacement of gravity type or sheet pile structures and the levels of damage. This 

relationship is shown in Figure 47. The figure shows that the ratio of the top  displacement  to  the  wall  

height  (d/H)  is  larger  than  1.5%  for  most  of  the  structures  that  have  been categorized  into  

“Damage  Level  II ” (Table 9).  When  performing  design  calculations  in  accordance  with  the  method 

described in this section, therefore, it is desirable to make the allowable horizontal displacement for the 

wall top equal to or less than 1.5% of the wall height. 

Table 9 - Damage Levels 

Damage level Description 

0 No damage 

1 
No damage has been found in the main body, but destruction and/or 

deformation has been found in ancillary structures 

2 Significant deformation has occurred in the main body 

3 
The structure still holds its original shape, but the main body is considered to 

have been wrecked 

4 The structure has been demolished and collapsed. 

7.5.7 Examination of Stability against Circular Slip 

1) When the ground is not so hard, examination of stability against circular slip shall be made as 

necessary. In principle, the circular slip surface shall not go through the inside of the wall in this analysis. 

2) When the internal friction angle of the soil behind the wall and the ground is 30º or larger, the 

examination of stability against circular slip is often omitted. In the case of steel sheet pile cellular-

bulkhead quaywalls, it may be assumed that the wall is a rigid body and thus the circular slip surface 

does not go through the inside of the wall. 
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7.5.8 Layout of cells and arcs  

1) The cells and arcs shall be arranged to make the area of the cellular-bulkhead to be equal to the area 

of the virtual wall with the equivalent width by the examination of shear deformation of the wall body and 

the calculation of subgrade and wall deformation described above. 

2) It is common to use circular cells when examining cells in plain view. The following points should be 

considered when arranging circular cells. 

3) The wall with the equivalent wall width may be substituted with circular cells by using Equation (66) 

and (67) in such a way that the area of the cross section of the circular cells becomes the same as that 

of the actual wall (Figure 48). 

𝑆1 = 𝜋𝑅2
𝜃

360
2 =

𝜋

180
𝑅2𝜃 Arc ABC 

(66) 

𝑆2 =
1

2
𝐴𝐷̅̅ ̅̅  𝐶𝐷2̅̅ ̅̅ ̅̅ =

𝑅2

2
= sin 2𝜃1 Triangle ADC 

𝑆3 = 𝐶𝐷̅̅ ̅̅  𝐶′2̅̅ ̅̅ = 2𝑅𝑟 cos 𝜃1 sin
𝜃2

2
 square CC’D’D 

𝑆4 = 𝜋𝑟2
𝜃

360
−

1

2
𝐶𝐶′̅̅ ̅̅ ̅ 𝐸𝐹̅̅ ̅̅ = (

𝜋𝜃2

360
−

1

2
sin 𝜃2) 𝑟2 arc CGC’ 

 

𝜃 +
𝜃2

2
= 90° 

𝑆 = (𝑆1 + 𝑆2 + 𝑆3 + 𝑆4) × 2 

𝐵 =
𝑆

𝐿
 

(67) 

 

Figure 48 - Cell Area anf Equivalent wall width 

4) Cells should be arranged evenly along the total length of the face line of the quaywall wherever 

possible. In general, it is advisable to set the cell center interval being 10 to 15% larger than the cell 

diameter. 
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5) Arcs should be arranged in such a way that they are connected perpendicularly to the wall of cell 

shell. The radius of the arc should be made smaller than that of the cell. 

In general, front tips of arcs tend to shift forward during and/or after the filling work. Therefore it is 

advisable to arrange arcs in such a way that their front tips are located about 100 to 150 cm inside the 

front face line of cell walls. It is also advisable to arrange cells in such a way that their front face line is 

located about 30 cm inside the design face line of the quaywall 

7.5.9 Calculation of Hoop Tension 

1) Hoop tension of sheet pile of the cells and arcs shall not exceed the allowable hoop tension. 

2) Sheet pile tension is usually calculated at the sea bottom. Hoop tension should be calculated in 

accordance with equation (68): 

𝑇 = [(𝛾0𝐻0
′ + 𝑞)𝐾𝑖 + 𝛾𝑤ℎ𝑤]𝑅 (68) 

Where: 

T tension of sheet pile (kN/m); 

Ki coefficient of earth pressure of the filling; 

0 equivalent unit weight of the filling (kN/m3); 

w unit weight of sea water (kN/m3); 

H0’ equivalent wall height, according to the equation (49) (m); 

hw difference between water level inside cell and that in front of cell (m); 

R radius of cell (m); 

q surcharge (kN/m2); 

3) When no compaction is performed, the coefficient of earth pressure can be set as 0.6 for the filling 

material. When the filling is to be compacted, tan  should be used as the coefficient of earth pressure of 

the filling, because the internal pressure of the cell and the internal friction angle of the filling become 

larger. The coefficient of filling earth pressure of the filling for the arc sections should be 1/2 tan 

7.5.10 Design of T-Shaped Sheet Pile 

1) Normally, cells and arcs are connected by using T-shaped sheet piles. A T-shaped sheet pile is a 

deformed sheet pile to join the cell to arcs. Cells and arcs shall be connected by using T-shaped sheet 

piles. 

2) T-shaped sheet pile is a sheet pile that has special crossection to connect cells and arcs 

3) The structure of T-shaped sheet pile shall have sufficient safety against the tension acting on the 

sheet pile of cells and arcs. 

4) The standard structures of T-shaped sheet pile are shown in  Figure 54 and Figure 55. 
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Figure 49 – Standard Cross Section of T-Shaped Sheet Pile (for rivet connection with rivet 

intervals of 85 mm) 

 

Figure 50 - Standard Cross Section of T-Shaped Sheet Pile (for welding connection) 

7.6 Cantilever sheet pile walls  

7.6.1 Principles 

1) The design method described in this section assumes that the ground comprises a sandy soil or stiff 

clay, and therefore cannot be used in the case of a clayey soil ground. It is advisable to avoid constructing 

a cantilever sheet pile wall on a clayey soil ground .  

2) Cantilever sheet pile walls resist the earth and water pressure that acts on the back of the sheet piles 

with the horizontal subgrade reaction force of the embedded part. The calculation of the bending moment 

generated in the sheet pile wall should be made in accordance with section 8.5. 

7.6.2 External Forces Acting on Sheet Pile Wall 

1) The external forces acting on a cantilever sheet pile wall shall be determined in accordance with 

TCVN 11820-2:2017. 

2) Where the sea bottom ground is of sandy soil or stiff clay, a virtual bottom surface is assumed at the 

elevation where the sum of the active earth pressure and residual water pressure is equal to the passive 

earth pressure. It is assumed that the earth pressure and residual water pressure will act on the part of 

cantilever sheet pile wall above such the virtual bottom surface, as illustrated in Figure 52. 
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Figure 51 - Example of Cantilever Sheet Pile Quaywall 

7.6.3 Determination of Cross Section of Sheet Piles 

1) The maximum bending moment in a sheet pile wall shall be calculated appropriately by using an 

analysis method corresponding to the mechanical behavior characteristics of the wall. 

2) Resistant of sheet piles are determined the same way as bent sheet pile, according to section 8.5. 

3) The maximum bending moment in a sheet pile wall is normally calculated by the PHRI method 

concerning the lateral resistance of piles, refer to section 8.5.. 

4) The lateral resistance of pile should be calculated in accordance with section 8.5 

5) When steel pipes are used as sheet piles, the secondary stress often develops in steel pipes of a 

sheet pile wall due to the deformation of the steel pipe cross section (i.e., a circular cross section is 

deformed into an elliptic one) that is caused by the earth and residual water pressure. Cantilever sheet 

pile walls are the structures characterized by large displacement, and there is a risk about such walls that 

a relatively high secondary stress may develop in the areas around the point where the bending moment 

becomes maximum. The larger the diameter of the steel pipe, the higher the level of secondary stress 

becomes. In such a case, therefore, it is desirable to perform examination of strength against the 

secondary stress.   

7.6.4 Determination of Embedded Length of Sheet Piles 

1) The embedded length of sheet piles shall be equal to or longer than the effective length of piles that 

is calculated in accordance with secton 8.5  

2) Because a cantilever sheet pile wall retains the earth behind the wall in the mechanism same as piles 

do, the embedded length of the sheet pile may be calculated in the same way as in the case of a pile. In 
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the PHRI method for the lateral resistance of piles, the required embedded length is calculated as 1.5 lm1, 

where lm1 represents the depth of first zero point of the bending moment of cantilever pile from the virtual 

bottom surface.  

 

Figure 52 - Determination of Virtual Surface Bottom 

7.6.5 Displacement of Sheet Pile Crown 

1) A cantilever sheet pile quaywall shall be designed in such a way that the displacement of the sheet 

pile crown does not hinder safe and effective use of the quaywall.  

 

Figure 53 - Displacement of Pile Crown 

2) As there is no regulation specifying an allowable displacement for the sheet pile crown of cantilever 

sheet pile quaywalls, the quaywall is designed in such a way that the crown displacement does not hinder 

the safe and effective use of the quaywall. Therefore, it is necessary to determine the acceptable level of 

displacement appropriately in consideration of the utilization conditions. In many cases, the upper limit 

values of 5cm and 10cm are adopted for normal and earthquake environments, respectively 

3) The sheet pile crown displacement  is expressed as the sum of the following three (Figure 53) : 

− Deflection of the sheet pile at the virtual bottom surface (1) ; 

L.W.L
Residual water level

Sea bottom

Passive earth pressure

Active earth pressure +
residual water pressure

Virtual
bottom surface

Difference between
(active earth pressure +
residual water pressure)
and (passive earth pressure)
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− Deflection of the sheet pile in the part above the virtual bottom surface (2) ; 

− Sheet pile top displacement generated by the inclination of the sheet pile above the virtual bottom 

surface with the deflection angle of the sheet pile at the virtual bottom (3). 

4) The deflection 1 and and displacement 3 are generally calculated by means of the PHRI method 

described in section  8.5. The deflection 2 is generally considered as equal to the deflection calculated 

by assuming that the wall is a cantilever subjected to the earth pressure behind the wall and other forces. 

7.6.6 External Forces during Construction 

Cantilever sheet pile quaywalls shall be designed to have sufficient safety against the external forces that 

act on them during construction work. 

7.7 Sheet pile quaywalls with batter piles in front  

7.7.1 Principles  

1) The provisions in this section shall be applied to the design of sheet pile quaywalls that are built by 

coupling the sheet pile heads with the batter anchor piles driven in the ground in front of the sheet piles 

that retain the earth in the back. 

2) Sheet pile quaywalls with batter piles in front are normally constructed with an open-type 

superstructure built in front of the sheet pile wall. There are two cases that the open-type superstructure 

may or may not be integrated into the sheet pile wall, but this section provides guidelines for the cases 

in which the superstructure and sheet pile wall are integrated. 

3) The design method described in this section is based on the sheet pile design with the equivalent 

beam method. Therefore, the structural types covered by this section are steel sheet pile walls driven into 

a sandy soil ground or a hard clayey soil ground. 

4) The design of the sheet pile quaywall with batter piles in front is preferably made in the procedure 

depicted in Figure 55. 

 

Figure 54 - Example of Sheet Pile Quaywall with Batter Anchor Piles in Front 
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7.7.2 Layout and Dimensions 

1) The size of one block of the superstructure and layout of piles shall be determined in accordance with 

section 8 . 

2) It is recommended that layout and inclination of the batter piles be determined in consideration of their 

positional relationship with other piles and construction work-related constraints such as those concerning 

the capacity of pile driving equipment. A pile inclination of about 20º is normally used for batter piles 

 

Figure 55 - Flowchart for Design of Sheet Pile Quaywall with Batter Piles in Front 

7.7.3 Design of Sheet Pile Wall 

1) Design of the sheet pile wall shall be made in accordance with section 7.3.2. 

2) The embedded length, supporting point reaction force, and bending moment of the sheet pile may be 

calculated in accordance with section 7.3.2, by assuming that the joint between the batter pile and sheet 

pile is one of the supporting points.  
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7.7.4 Design of Open-Type Superstructure 

1) Design of the open-type superstructure shall be made in accordance with section 8. 

2) The external force of the earth pressure and residual water pressure acting on the sheet pile wall may 

be considered as the supporting point reaction force at the connecting point between the batter pile and 

sheet pile.  

3) Estimation of the lateral  resistance  and  other  behavior  of  piles  can  be  made  by  Chang’s method 

(see section 8) 

4) Horizontal forces on the quaywall are assumed to be borne entirely by the batter piles. The vertical 

loads acting on the pile heads can be calculated as the support reaction forces under the assumption 

that the open-type superstructure is a simple beam supported at the positions of pile heads. The axial 

forces on the batter pile and sheet pile should be calculated according to TCVN 11820-4-1:2019, using 

the horizontal force on the quaywall and the vertical load distributed to pile heads.  

5)  The bending moment at the connection of the batter pile and the sheet pile may be calculated as the 

moment due to the earth pressure, residual water pressure and other horizontal forces, by assuming that 

the batter and sheet piles consitute a rigid frame fixed at the virtual fixed point. The virtual fixed point of 

piles should be defined as specified in section 8.5.3. 

6) For the axial force of a vertical pile, the vertical load distributed to the pile head may be used. 

7.7.5 Pile’s Embedded Length 

1) The embedded lengths of the vertical, batter, and sheet piles shall be determined through the 

examination of the bearing capacity and lateral resistance of the piles. 

2) Examination of the embedded length with respect to the bearing capacity should be made in 

accordance with section 8.5.6, and examination of the embedded length with respect to the lateral 

resistance should be made in accordance with section 8.5.7. 

7.7.6 Detailed Design 

1) The detailed design of sheet pile quaywalls with batter piles in front shall be made by referring to the 

provisions in  section 7.5 and  section 8.9. 

2) The connecting point of the sheet pile wall and batter anchor pile shall be so designed that the 

transmission of load is made satisfactorily. 

3) The open-type superstructure shall be so designed that it fully withstands the bending moment 

conveyed from the sheet pile wall. 

7.8 Double Sheet Pile Quaywall 

7.8.1 Principle of Design 

1) The provisions in this section shall be applied to the design of double sheet pile quaywalls. 

2) Figure 57 depicts the fundamental procedure of the conventional design method of double sheet pile 

quaywall. 

3) In the design of double sheet pile quaywalls, the design methods for steel sheet pile cellular-bulkhead 

quaywalls or sheet pile quaywalls with sheet pile anchorage have conventionally been applied. Therefore, 
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when designing a double sheet pile quaywall with the conditions that are similar to those used in existing 

quaywalls, these conventional methods may be used. In the conventional methods, the displacement of 

double sheet pile wall is not examined. However, it is important to examine the amount of displacement 

when employing a double sheet pile structure for a large-sized permanent structure.  

 

Figure 56 – Example of the Cross-section of a Double Sheet Pile Quaywall 

 

Figure 57 - Flowchart for Design by Conventional Method 

7.8.2 External Forces Acting on Double Sheet Pile Quaywall 

The external forces that act on a double sheet pile wall may be calculated in accordance with TCVN 

11820-2:2017. 

Sơn chống ăn mòn 
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7.8.3 Design of Double Sheet Pile Quaywall  

1) Double sheet pile quaywalls shall be designed using an appropriate method in consideration of the 

design conditions and the importance of the quaywall. 

2) When designing a double sheet pile quaywall with the design conditions that are similar to those used 

for existing quaywalls, the following traditional methods may be used as appropriate: 

a) The calculation to determine the width between two sheet pile walls to achieve the required strength 

against shear deformation is made in accordance with 7.5.3.2; 

b) The calculation of the deformation moment is made in accordance with 7.5.3.3; 

c) The calculation of the resisting moment is made in accordance with 7.5.3.4. However, the resisting 

moment due to the frictions at the joints between sheet piles of the partition walls is not considered 

normally; 

d) The embedded length of sheet piles is determined as the longer one of either that calculated by 

the method for sheet piles having ordinary anchorage (refer to 7.3.2) or that satisfying the allowable 

wall top horizontal displacement requirement (refer to 7.5.4 and 7.5.6); 

e) The bending stress of the sheet pile may be analyzed, by assuming that the sheet pile wall behaves 

just like an ordinary sheet pile wall with anchorage subjected to the active earth pressure by the filling 

material, irrespectively of the distance between the two sheet pile walls.; 

g) The calculation of the tension of the tie member should be made in accordance with 7.3.2.7; 

h) The design of the waling should be made in accordance with 7.3.2.8; 

k) A double sheet pile quaywall can be considered as a kind of gravity wall. Thus, it is necessary to 

make examination of the stability against sliding of the quaywall and the slope stability including the 

quaywall, as in the case of a cellular-bulkhead type quaywall. The stability against sliding must be 

examined at the virtual bottom surface, which is taken at either the sea bottom or the horizontal plane 

at the toe of the sheet pile wall that yields the smaller factor of safety. In the former case, the 

resistance of the sheet pile wall below the sea bottom should be ignored; 

i) In the examination of the slope stability including the double sheet pile quaywall, the embedded 

length of the double sheet pile quaywall must be compared with the required embedded length 

calculated for a corresponding single sheet pile quaywall with anchorage. If the former is found longer 

than the latter, the resistance of the portion of sheet piles below the calculated toe of the latter sheet 

piles should be ignored against the circular slip plane passing the level below the toe;  

l) The slab and upright section of the superstructure are designed same as 7.4.6. Foundation piles 

are sometimes driven into the filling material to support the superstructure. These piles should have 

sufficient safety against the horizontal and vertical forces transmitted from the superstructure. Here it 

is assumed that the vertical force transmitted from the superstructure is entirely borne by the piles, 

and the vertical bearing capacity of the pile is calculated by ignoring the skin friction between the pile 

and the filling material. The horizontal force that acts on the superstructure is transmitted to the double 

sheet pile quaywall partly through the piles and partly through the sheet piles. Therefore, it is 

necessary to determine what percentages of the horizontal force are borne by the two. 
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8 Open-Type Wharves on Piles 

8.1 General 

1) The provisions in this section shall be applied to the design of open-type wharves on piles, designed 

to satisfy the performance requirements against the loads due to selfweight, operations, berthing and 

mooring of ships, earthquakes, etc.  

2) The provisions in this chapter are basically applied to open-type wharves on piles and may also be 

used for similar structures provided that the dynamic characteristics of the structures be taken into 

consideration. 

3) Figure 58 shows an example of open-type wharves on piles. As shown in the figure, an open-type 

wharf comprises a pile-supported section and an earth retaining section. Design of open-type wharves 

on piles should normally be made in accordane with the procedure depicted in Figure 59. 

4) In the design flow shown in Figure 59: (a) a cross section of open-type wharf is designed at first to 

resist external forces, and (b) the design proceeds to detailed design stage if the performance of the 

cross section is satisfactory. If not, the cross section should be modified and examined again.  

5) When the wharf is to be constructed on the ground where consolidation or compression of soil is 

expected to occur, it is desirable to separate the earth-retaining section from the pile-supported section, 

because the earth- retaining section usually settles more than the pile-supported section. It is advisable 

to give careful consideration in the design and/or construction work to the fact that dragged settlement or 

lateral movement of subsoil may occur in part or all of the pile-supported section due to the settlement of 

the earth-retaining or landfill section even when the pile-supported section has been separated from the 

earth-retaining section. 

 

Figure 58 - Example of Open-type Wharf on Piles 

6) When cargo handling equipment, such as container cranes, is to be installed on an open-type wharf 

on piles, it is desirable to install it in such a way that all of its feet are positioned on either the pile-

supported section or earth-retaining section. If, for example, one foot of a cargo handling equipment is 

positioned on the pile-supported section and another is positioned on the earth-retaining section, the 
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equipment becomes susceptible to adverse effects such as differential settlement and unsychronized 

seismic motions, due to the difference in the response characteristics of the two sections. When it is 

unavoidable to position one foot of a cargo handling equipment on the pile-supported section and another 

on the earth-retaining section, it is recommended to provide a sufficient foundation work (such as 

foundation piles) to prevent differential settlement due to the settlement of the shore side foot. In this 

case, it is common practice not to locate a fixed foot of cargo handling equipment (such as portal crane) 

on the pile-supported section. 

 

Figure 59 - Flowchart of the Designing of Open-Type Wharf on Piles 
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7) In general, the open-type wharves on piles possess structural types that can be adversely affected 

by the performance of the members because of material deterioration, including the salt injury of the 

concrete material and the corrosion of the steel material. Therefore, it is necessary to take maintenance 

through the working life into account sufficiently at the design stage.  

a) The superstructures of the piled piers are the concrete structures located in the severe salt injury 

environment, and it is necessary to devote close attention to maintenance through the working life. If 

the distance between the superstructure of a piled pier and the sea level is less and if it is difficult to 

secure a workspace, inspection, diagnosis, and measures are difficult to be conducted during the 

working life. In general, with respect to the superstructures of the piled piers, the members facing the 

ocean tend to deteriorate relatively early. However, depending on the distance between the 

superstructures of the piled piers and the sea level or on the form or layout of the earth-retaining 

sections, the superstructures located around the earth-retaining sections may easily deteriorate owing 

to the wave-breaker actions. It is necessary to consider such factors while setting the maintenance 

level during the designing stage of the superstructures of piled piers.  

b) The steel pipe piles and steel sections, which compose the piled piers, are located in a severe 

corrosive environment. Therefore, when the steel members are designed for making the piled piers, 

appropriate corrosion control measures must be performed based on TCVN 1905:2019. 

c) With respect to the piled piers located in a severe environment, it is desirable that labor saving, 

and rationalization should be considered for maintenance. Therefore, inspection holes and inspection 

scaffolding may be arranged, and sensors for monitoring may be installed to ensure that inspection, 

diagnosis, and measures may be easily conducted during the working life 

8.2 Layout and Dimensions 

8.2.1 Pile Layout  

The pile layout shall be determined appropriately in consideration of the following:  

1) Apron width; 

2) Location of the quay shed; 

3) Sea bottom ground (especially slope stability); 

4) Existing revetments; 

5) Matters related to construction work such as the concrete casting capacity; 

6) Static loads and live loads (especially crane sizes) 

8.2.2 Pile types 

Open-type wharf on piles normally use one or combination of other types of pile as follows:  

1) Precast concrete piles 

− Precast reinforced concrete piles may be driven in many types of ground, and may also be placed in 

pre-bored holes in the seabed. 

− If the piles are to be cast at a yard remote from the site, their maximum length might be restricted to 

about 20 m. 
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− Pre-stressed piles differ from reinforced precast piles in that they are better able to resist tensile 

stresses during handling, driving and in service than reinforced piles. 

− Joint should have the necessary bending moment capacity and be protected against corrosion. 

− Pre-stressed piles should not be overstressed on driving, to avoid cracks and the consequent reduced 

corrosion resistance. 

2) Bored piles 

− Bored cast in-situ piles are particularly suitable for use as non-displacement friction piles in stiff clay 

or weak rock, or to achieve large load-bearing capacities by means of the large shaft diameters available 

or by under-reaming the toe. 

− Construction and acceptance requirements shall be compliant TCVN 9395. 

− Examination of resistance of bored piles shall be compliant TCVN 11820-4-1:2019. 

3) Steel piles 

− Steel piles are relatively light and easy to handle, and can be driven in most types of ground, including 

many types of weathered rock. 

− H-piles are also useful as tension piles because of the large penetrations which can be achieved. 

Circular piles are more suitable where large axial and bending effects are to be resisted. In weathered 

rock condition, the advantages of each type may be employed in a composite pile comprising a bottom 

H-section, driven to achieve uplift resistance and welded to the inside of a tubular upper section which is 

used to resist vertical and horizontal actions. 

− Steel piles have good energy-absorption properties and may therefore be used, when installed 

vertically, to resist horizontally applied actions. If a concrete encasement is added for corrosion 

protection, the necessary limitations on maximum strain might require the permissible energy absorption 

to be reduced. 

− Hollow steel piles might be required to be filled with concrete at the toe, when end-bearing capacity 

is critical, or at the head, when a full bending moment connection to the deck is required. 

8.2.3 The size of deck block 

The size of a deck block shall be determined appropriately in consideration of the following: 

1) Ground conditions;  

2) Static loads and live loads; 

3) Distances between piles and pile rows, and the shape and dimensions of piles; 

4) Easiness of form work and timbering; 

5) Tide level; 

6) Arrangement of bollards; 

7) Arrangement, shape, and dimensions of fenders. 
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8.3 External Forces Acting on Open-Type Wharf 

8.3.1 Design External Forces  

1) The main external forces acting on the pile-supported section of an open-type wharf shall be as listed 

in Table 10. 

2) The permanent and variable actions are determined in accordance with TCVN 11820-2:2017. 

3) It is a common practice that the deadweight of the superstructure and the earthquake forces acting 

on the superstructure shown in the table include the deadweight of the piles and the earthquake forces 

acting on the piles, respectively. 

4) The earthquake forces due to static loads may normally be considered to act on the upper surface of 

the deck slab. However, when the center of gravity of the static loads is located at an especially high 

level, it is important to take the height of the center of gravity as the point of application of the horizontal 

force. 

5) The earthquake force due to a rail- type traveling crane should be calculated by multiplying its 

deadweight by the seismic coefficient, and the force can be considered to be transmitted from the wheels 

to the pile-supported section. 

6) The fender reaction force should be considered as a load under ordinary or extraordinary conditions 

depending on the approaching velocity. When an approaching speed of about 10 cm/s or more is 

assumed for a general cargo vessel, the reaction force may be considered as a load under extraordinary 

conditions. For approaching speeds at which vessels berth frequently, it is recommended to consider the 

reaction force as a load under ordinary conditions. 

7) The tractive force of vessels should be referred to Section 11 of TCVN 11820-2:2017 

Table 10 – Design External Forces 

Vertical forces Horizontal forces 

1) Deadweight of the superstructure 

2) The loads on the berth: 

- Surcharge; 

- Train load; 

- Vehicle load;  

- Cargo handling equipment load; 

- Sidewalk live load 

3) Tractive force of vessel 

4) Uplift  

5) Negative friction forces on piles  

1) Earthquake forces acting on the 

superstructure 

2) Earthquake forces acting on the surcharge 

3) Earthquake forces acting on the vehicles, 

cargo handling equipments 

4) Wave loads, wind loads and current loads 

5) Reaction force of the fender  

6) Tractive force of vessel 

 

 

8) At the areas where significant wave actions are expected, it is recommended to examine the following 

resistance characteristics against the uplift forces acting on the superstructure and access bridge refer 

Section 5.4 of TCVN 11820-2:2017:  

− Stability of the access bridge against the uplift and the pulling resistance of the piles; 
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− Strength of the members of the superstructure and access bridge against the uplift. 

9) When a pile penetrates through a clayey soft layer to reach a bearing stratum. When the clayey soft 

layer is consolidated, the pile itself is supported by the bearing stratum and hardly settles, the direction 

of the friction force is reversed. This friction force acting downwards on the pile circumference is called 

the negative skin friction or negative friction. Examination of pile resistance in this case shall be 

accordance with Appendix D of TCVN 11820-4-1:2019.  

8.3.2 Fender Reaction Force 

1) Mooring energy is determined following to Section 11 of TCVN 11820-2:2017. The calculation of 

fender reaction force shall be made in accordance with Appendix A of this standard. 

2) In many cases, fender intervals of 8 to 13 m are used. A measurement of the berthing behavior of 

various sizes of vessels has been made by installing 1.5-meter-long rubber fenders on an ordinary large 

wharf. The measurement has revealed that it is appropriate to calculate the berthing force on the 

assumption that the vessel’s approaching energy is absorbed by one fender. Therefore, the reaction force 

may basically be calculated on the assumption that the berthing energy is absorbed by one fender when 

using rubber fenders as a damper. However, this does not apply when fenders are deployed continuously 

along the face line of a wharf.  

3) The berthing energy is also absorbed by the displacement of the pile-supported section. However, it 

is a common practice not to take this into consideration because in many cases the energy absorbed by 

the pile-supported section accounts for less than 10% of the total berthing energy. 

 

Figure 60 - Rubber Fender Characteristics Curve 

4) Figure 60 shows an example of   the pair   of “displacement - energy curve” and “displacement - 

reaction force curve” of a rubber fender. If a single fender absorbs a berthing energy of E1, the 

corresponding fender deformation, δ1 is obtained. Then, using the other curve, the corresponding 

reaction force acting on the pier is obtained as H1 (δ1 → C → H1). However, if fenders are deployed too 

close to each other and the berthing energy is absorbed by two fenders, the approaching energy acting 

on one fender becomes E2 = E1/2 and this causes the corresponding fender deformation δ2. As can be 

seen from the Figure 60 (δ2 → D → H2), the reaction force acting on the pier is almost the same as that 

generated in the single fender case because of the characteristics of rubber fender. Thus, the horizontal 

reaction force acting on the pier becomes 2H2=2H1, which means that the horizontal force to be used in 
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the design is twofold. When using fenders that have such characteristics, therefore, it is desirable to give 

careful consideration to this behavior of reaction force in the designing and locating of fenders. 

8.4 Assumptions Regarding Sea Bottom Ground  

8.4.1 Determination of Slope Inclination 

1) When an earth-retaining structure is to be constructed behind a slope beneath the superstructure of 

open- type wharf, the structure shall be located appropriately in consideration of the stability of the slope. 

2) For soft subsoil, it is recommended that slope stability be examined against a circular slip as well. 

However, a slope beneath the superstructure of an open-type wharf is rarely comprised of a soft clay 

laver and are usually comprised of a sandy soil layer or rubble stones. When an earth-retaining structure 

is to be constructed behind a slope, therefore, it is desirable to locate it in the area behind an imaginary 

slope obtained by drawing a straight line from the foot of the actual slope at the angle with the horizontal 

line given by equation Figure 61. 

𝛼 = ϕ − 𝜀 

 = arctg(k’h) 
(69) 

Where: 

 is the inclination angle of imaginary slope measured from the horizontal line (º); 

𝜙 is the internal friction angle of the main material of actual slope (º); 

k’h is the horizontal seismic coefficient. 

 

Figure 61 - Position of Earth-Retaining Structure behind Slope 

NOTE  

1) Equation (69) may not be applied to hard mudstone or bedrock slopes. 

2) The angle set in equation (69) is a restriction when a structure will be constructed behind the top of this slope. The slant 

angle as an actual design cross-section is usually steeper than . For example, if the foundation of the earth-retaining 

section and the slope face comprise rubbles, the ratio is usually set to be approximately 1:1.5 to 1:2. This is to take the top 

of the slope at the front of the earth-retaining structure as much as possible to ensure that the effect of scouring or the effect 

of local collapse does not reach the front toe of the structure. 

8.4.2 Virtual Ground Surface 

1) In calculation of lateral resistance and bearing capacity of piles, a virtual ground surface shall be 

assumed at an appropriate level for each pile.  

2) When the inclination of the slope is considerably steep, the virtual ground surface for each pile to be 

used in the calculation of lateral resistance or bearing capacity may be set at an elevation that 

corresponds to 1/2 of the vertical distance between the surface of the slope at the pile axis and the sea 

bottom in front of the slope (Figure 62). 
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Figure 62 - Virtual Ground Surface 

8.5 Design of piles 

8.5.1 General principles  

1) Piles used for open-type wharves on piles are usually deployed in the form of groups of piles, and the 

connection between the piles and coping often takes the form of a rigid joint. In such a case, structural 

analysis of the pile-supported section can be made by replacing it with a rigid frame or a frame structure 

(in which the ground is evaluated as an elastic spring), under the assumption that each pile is embedded 

up to an appropriate depth. 

2) For analysis of a single pile subject to lateral forces, the PHRI method or Chang’s method can be 

used. They will be described in Appendix D of TCVN 11820-4-1:2019, it is recommended to use the 

former method. However, for the behavior of piles with free ends (such as those used for a pier structure) 

under the actions of design loads, the “virtual fixed point method based on Chang’s method” may be used 

because there is almost no difference between the results obtained from the PHRI method and that 

obtained from Chang’s method. 

8.5.2 Coefficient of Horizontal Subgrade Reaction 

3) In the calculation of the lateral resistance of piles, it is desirable to obtain the coefficient of horizontal 

subgrade reaction of the subsoil through lateral loading tests of piles in situ.  

4) When lateral loading tests of piles are not carried out, the coefficient of horizontal subgrade reaction 

of the subsoil may be estimated using the Chang’s method: 

𝑘ℎ = 1,5𝑁 (70) 

Where:  

kh is the coefficient of horizontal subgrade reaction (N/cm3); 

N is the average N-value of the ground down to a depth of about 1/; 

 refer to Section 8.5.3.   

NOTE: some in site measurement data indicate that the coefficient value of horizontal subgrade reaction of rubble stones is 

smaller than the estimate by means of equation (70). 

8.5.3 Virtual Fixed Point 

When performing a rigid frame calculation for an open-type wharf on piles, the virtual fixed points of the 

piles may be considered to be located at a depth of 1/ , below the virtual ground surface. The value of 

 is calculated by means of equation (71). 
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𝛽 = √
𝑘ℎ𝐷

4𝐸𝐼

4

 (71) 

Where:  

kh is the horizontal subgrade reaction coefficient (kN/m3); 

D is the diameter or width of the pile (m); 

E is the elastic modulus of the pile material (kN/m2); 

I is the inertia moment of the pile section (m4). 

8.5.4 Member Forces Acting on Individual Piles   

1) Horizontal forces acting on the superstructure of wharf may be distributed to all pile tops in a section 

of wharf with some hypotheses: The superstructure is considered as absolutely rigid; all piles work in 

elastic domain; all piles have fixed connections with the superstructure and in the subsoil. This section is 

used to calculate horizontal forces acting on pile tops, displacement of section of wharf and each single 

pile, considering rotation influence of superstructure.  

2) Reaction forces on a vertical single pile top due to unit horizontal displacement in x and y directions 

are determined by equation (72). 

𝐻̅𝑥𝑖 = 𝐻̅𝑦𝑖 =
12𝐸𝑖𝐼𝑖

𝑙𝑖
3  (72) 

Where:  

li is the calculated length of i-th pile, see Sections 8.4.2 and 8.5.3 (m). 

EiIi is the flexural rigidity of i-th pile, equation (71). 

3) Reaction forces on the top of couple raking pile due to unit horizontal displacement, when 

displacement direction lies on the plan containing the couple raking pile, are determined by equation (73): 

𝐻̅𝑖 =
𝑘𝑖1𝑘𝑖2𝑠𝑖𝑛2(𝛼𝑖1 + 𝛼𝑖2)

𝑘𝑖1𝑐𝑜𝑠2𝛼𝑖1 + 𝑘𝑖2𝑐𝑜𝑠2𝛼𝑖2
 

𝑘𝑖1 =
𝐸𝑖𝐹𝑖

𝑙𝑖1
  ;       𝑘𝑖2 =

𝐸𝑖𝐹𝑖

𝑙𝑖2
 

(73) 

Where: 

 i1, i2 are the incline angles of each pile of the couple raking pile, respectively (°); 

ki1, ki2 are the axial reaction forces of each pile of the couple raking pile, respectively (kN). 

Fi is the cross-section area of i-th pile (m2); 

li1, li2 are the compressive length of each pile of the couple raking pile, respectively (m). 

NOTE:  

1) Reaction forces on the top of couple raking pile due to unit horizontal displacement, when displacement direction is 

perpendicular to the plan containing the couple raking pile, are determined by equation (72) similar to each single pile and 

then the summation is taken.  

2) Cartesian Co-ordinates x0y should be located along the center lines of two side rows of piles as shown in Figure 63. 
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Figure 63 - Distribution Schema of Horizontal Forces on Pile Tops 

4) Spring center, C, in Cartesian Co-ordinates x0y given according to equation (74):  

𝑥𝐶 =
∑ 𝐻̅𝑦𝑖𝑥𝑖

∑ 𝐻̅𝑦𝑖

 

𝑦𝐶 =
∑ 𝐻̅𝑥𝑖𝑦𝑖

∑ 𝐻̅𝑥𝑖

 

(74) 

Where: xi, yi are the co-ordinates of i-th pile top in Cartesian Co-ordinates x0y (m). 

5) Move all horizontal forces to spring center C. The resultant forces and moment are given as follows: 

𝐹𝑥𝑐 = ∑ 𝐹𝑥𝑖 

𝐹𝑦𝑐 = ∑ 𝐹𝑦𝑗 

𝑀𝑐 = ∑ 𝐹𝑥𝑖𝑎𝑖 + ∑ 𝐹𝑦𝑗𝑏𝑗 

(75) 

Where: 

Fxc, Fyc are the resultant forces at spring center, C, according to x and y directions, respectively (kN); 

Fxi is the i-th horizontal force acting on superstructure according to x direction (kN); 

Fyj is the j-th horizontal force acting on superstructure according to y direction (kN); 

Mc is the moment at spring center C (kN.m); 

ai is the distance from Fxi to spring center C (m); 

bj is the distance from Fyj to spring center C (m). 

6) Create Cartesian Co-ordinates XCY, translation displacement and rotation angle of the superstructure 

arounding spring center, C, are as equation (76): 

𝛿𝑋 =
𝐹𝑥𝑐

∑ 𝐻̅𝑥𝑖

 (76) 

(Draft)



TCVN 11820-5:2019 

96 

𝛿𝑌 =
𝐹𝑦𝑐

∑ 𝐻̅𝑦𝑖

 

𝜑𝑐 =
𝑀𝑐

∑ 𝐻̅𝑥𝑖𝑌𝑖
2 + ∑ 𝐻̅𝑦𝑖𝑋𝑖

2 

Where: 

X, Y are the translation displacements of superstructure according to x and y directions, 

respectively y (m); 

c is the rotation angle of superstructure arounding spring center C (radian); 

Xi, Yi are the i-th co-ordinates in Cartesian Co-ordinates XCY (m). 

7) The horizontal forces acting on each pile top are given: 

𝐻𝑥𝑖 = 𝐻̅𝑥𝑖(𝛿𝑋 ± 𝜑𝑐𝑌𝑖) 

𝐻𝑦𝑖 = 𝐻̅𝑦𝑖(𝛿𝑌 ± 𝜑𝑐𝑋𝑖) 
(77) 

Where: Hxi and Hyi are the horizontal forces acting on i-th pile top according to x and y directions, 

respectively (kN). 

NOTE 

1) The sign “±” in equation (77) is used depending to directions of translation displacement and rotation angle of the 

superstructure.   

2) The horizontal force acting on a certain frame of the section of wharf would be summation of the horizontal forces acting 

on all pile tops within that frame. 

3) The finite element - based softwares may be used to determine internal forces and displacement of the section of wharf. 

8.5.5 Examination of geotechnical resistance of pile 

1) Examination of geotechnical resistance of pile shall be in accordance with TCVN 11820-4-1:2019, 

using either of two design methods: the partial factor design method and the load and resistance factor 

design method. 

2) When examination is carried out according to the partial factor design method, the load and the 

resistance are calculated following TCVN 11820-4-1:2019. 

3) When examination is carried out according to the load and resistance factor design method, the load 

and the resistance are calculated following Appendix D of TCVN 11820-4-1:2019. The following criterion 

should be used: 

𝑚 (
𝛾𝑠𝑆𝑘

𝛾𝑅𝑅𝑘
) ≤ 1 (78) 

Where: 

Sk is the characteristic value of stress (kN); 

Rk is the characteristic value of strength (kN); 

s is the partial factor for stress, refer to Tabble 11; 

R is the partial factor for strength, refer to Table 11. 

m is the adjust coefficient, refer to Table 11. 
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Table 11 - Factors used for examination of the bearing capacity of piles 

Design 

situations 

Pile situation Examination 

situations 

R S m 

Operation 
Pulling ① 1.00 1.00 3.00 

Pushing ② 1.00 1.00 2.50 

Unusual  

Pulling ③ 1.00 1.00 2.50 

Pushing (bearing pile) ④ 1.00 1.00 1.50 

Pushing  (friction pile) ⑤ 1.00 1.00 2.00 

NOTE: The selection of coefficients in Table 11 depends upon Examination situations (5 situations), examination situations and 

load combinations (refer to Table C.3 – Appendix C of this standard). 

8.5.1 Examination of Embedded Length for Lateral Resistance 

The embedded length of each vertical pile shall be determined appropriately in accordance with the 

method of analysis of the pile lateral resistance refer to TCVN 11820-4-1:2019. The embedded lengths 

of vertical piles are generally taken at 3/, below the virtual ground surface based on the results of pile 

lateral resistance analyses. The value of  should be calculated in accordance with Section 8.5.3 of this 

standard. 

8.5.2 Examination of Pile Joints 

1) When a pile joint is to be used in a pile, the pile shall be designed to be safe against the impact stress 

generated in the joint during driving, in addition to the external forces described in Section 8.3.1. 

2) The location of pile joint shall be determined carefully in consideration of construction conditions so 

that no excessive stress is generated in the pile. 

8.5.3 Change of Plate Thickness or Material of Steel Pipe Pile  

1) In many cases, the plate thickness and/or material of steel pipe piles of ordinary open-type wharves 

are changed at a depth of 2/ ÷ 3/, below the virtual ground surface. 

2) The strengths of joints and sections of thickness change should be examined carefully because there 

are some examples in which piles of open-type wharves buckled at these sections due to ground 

deformation and others during an earthquake in a deep ground where no bending stresses are generated 

under normal load conditions. 

3) The thickness of the pile or pile material must not be altered at locations where the internal pile 

strength is increased, or the pile is subjected to the impact of the surrounding ground friction 

8.6 Design of Earth-Retaining Section   

1) The examination of the structural stability of the earth-retaining section of open-type wharf on vertical 

piles shall be made in accordance with the relevant structural stability guidelines refer to Sections 6 and 

7 of this standard in consideration of its structural type. 

2) The superstructure and the earth-retaining section of an open-type wharf should be connected by 

means of a simply supported slab having clearances or buffer material provided on the both sides of slab, 

in order to prevent the forces acting on the earth-retaining section from being transmitted to the 
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superstructure and to be able to accommodate the differential settlements between the superstructure 

and the eath-retaining section.  

8.7 Examination of Stability against Circular Slip 

The stability of the earth-retaining section of open-type wharf on piles against circular slip shall be 

examined in accordance with TCVN 11820-4-1:2019. 

8.8 Calculation of Reinforcing Bar Arrangement of Superstructure 

1) In principle, calculation of reinforcing bar arrangement of reinforced or prestressed concrete 

superstruc- tures shall be made based on the limit state design method. 

2) Sufficient reinforcement should be provided against shear failure of the superstructure so that shear 

failure will not precede bending failure. 

3) Since the superstructure is exposed to severe deterioration environment than other structures, it is 

necessary to take appropriate measures to satisfy the requirements for structural details such as the 

covering depth and the reinforcement required for the control of crack width under the serviceability limit 

state, so that a sufficient level of durability is retained. 

8.9 Deflection control and deformations 

4) The design should limit the long term movements of the structure such that the geometry of the berth 

remains suitable for the berthing of ships and conforms to other operational requirements. 

5) For the berth carrying normal highway vehicles or normal cargo handling operations, the operational 

deflectionsshould be controlled in accordance with Table 12. Note that the values in Table 12 are not 

applied to flexible structures in type of dolphins. 

6) For trestle jetties carrying sensitive items such as petrochemical or similar pipelines, the restraint, 

structural capacity and operational performance of the items should be taken into account when deciding 

on the limits of acceptable deflections.  

Table 12 - Operational deflection limits for maritime structures  

Deflection type Structure type Deflection limit Additional comment 

Vertical 

deflections 

Cantilevers Length/180 
For petrochemical or similar pipelines, 
use Length/200. 

 

Spanning 

beams 

Span/200 
Unless the beam supports special 
claddings or coatinrequiring a more 
restrictedeflection control.  

For petrochemical or similar pipelines, 

use Span/400. 

Horizontal 

deflection 

Tops of piled 
bents or 
columns 

Height/300 with a 

maximum of 100 

mm 
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9 Other types of mooring facilities 

9.1 Detached Pier 

9.1.1 Scope of application 

The provisions in this chapter shall be applied to the design of a detached pier, which comprises a 

detached pier section and an earth-retaining section behind the pier. Figure 64 shows an example of a 

cross section of detached pier.  

 

Figure 64 -  Example of Cross Section of Detached Pier 

9.1.2 Principle of Design 

A detached pier shall be designed to be stable against all the loads acting on the piers and girders. In 

addition, the type and dimensions of bridge crane, the traveling characteristics of crane, and the 

settlement of rails after installation shall be duly considered in determination of the structure of detached 

pier. 

9.1.3 Design of Detached Pier 

9.1.3.1 Layout and Dimensions 

The distance between the piers and the land, the gauge of rails for crane, and the span between piers in 

the direction of the face line shall be determined from the viewpoint of cost and easiness of construction 

work, by considering the dimensions of crane, the ground conditions of sea bottom, and others. 

9.1.3.2 External Forces and Loads 

1) In principle, external forces and loads to be considered in the design of a detached pier shall be the 

following: 

a) Vertical Forces 

− Deadweight of superstructure; 

− Deadweight of piers; 
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− Wheel loads of cargo handling equipment;  

− Tractive forces of vessels. 

b) Horizontal Forces 

− Tractive forces of vessels; 

− Berthing force of vessels; 

− Wind load acting on cargo handling equipment; 

− Seismic force acting on cargo handling equipment; 

− Seismic force acting on superstructure; 

− Seismic force acting on piers. 

2) In the design of a detached pier, the wave force and uplift, and the wind load acting on the 

superstructure are taken into consideration as appropriate, in addition to the forces listed above. 

3) The braking force of the cargo handling equipment is always included in the horizontal forces for the 

design of girders, but it is taken into account as the necessity arises in the design of piers. 

9.1.3.3 Design of Piers 

Design of piers should be carried out in accordance with Section 8. However, design of piers of gravity 

type or steel sheet pile cellular type should be made by referring to Section 6 or Section 7.5, 

respectively. 

9.1.3.4 Design of Girder 

1) Girders shall be designed to be safe against the vertical as well as horizontal forces and loads. 

Structural elements having the sufficient strength against the expected vertical and horizontal forces 

should be used for the girders of a detached pier, because the rails for a crane are directly installed on 

the girders. In the examination of vertical loads, the increase in the wheel loads due to the wind load or 

earthquake force acting on the bridge crane should be taken into account. 

2) Girders are often designed as a simple beam to cope with the differential settlement of the piers. 

3) When both legs of the bridge crane are fixed ones, the horizontal load acting on each leg is 

determined by apportioning the total horizontal load to each leg based on the proportion of the wheel 

load. When the bridge crane has a fixed leg and a suspended leg, the total horizontal load should be 

given to the fixed leg for making the design on the safer side. At the same time, however, the horizontal 

force being one-half of the force acting on one fixed leg in the case of the both legs being fixed should 

be applied to the suspended leg.  

9.1.3.5 Ancillary Equipment 

Ancillary equipment such as fenders, mooring posts and gangways shall be provided with a detached. 

For gangways and slabs, a sidewalk live load is set as approximately 5kN/m2. 

9.1.4 Detailed Design 

9.1.4.1 Superstructure 

The cross section of the superstructure shall be determined in accordance with Section 9.2 below. 

9.1.4.2 Gangways 
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Gangways shall be designed in accordance with the guidelines for highway bridges  

9.2 Dolphins   

9.2.1 Principle of Design 

The provisions in this chapter shall be applied to the design of berthing facilities of dolphin-structure such 

as pile type, steel cellular-bulkhead type, and caisson type. Figure 65 shows an example of a pile type 

dolphin.  

9.2.2 Layout 

1) The layout of a dolphin-berth shall be determined appropriately in consideration of the dimensions of 

the target vessels that are to use the berth, water depth, wind direction, wave direction, and tidal currents, 

as well as no adverse effects on the navigation and anchorage of other vessels. 

2) In the determination of the layout of breasting dolphins, the following items need to be examined: 

a) Dimensions of the target vessel  

- The broadside of large vessels that use dolphins is usually composed of a straight line defining 

the outline of the central part (which accounts for about 3/4 of the length overall (L) of vessel) and two 

curves defining the outline of the bow and stern parts (each of which accounts for about 1/8 of the 

length overall (L) of vessel). It is recommended that the breasting dolphins be layed out in such a way 

that the vessels can be berthed to them with the straight-line part 

- When a special cargo handling equipment is required for dolphins such as in the case of oil 

dolphins, a cargo handling platform is installed midway between the breasting dolphins. In this case, 

it is desirable to locate the cargo handling platform with its seaside front slightly backward from that 

of the breasting dolphins, in order to prevent the ship berthing force acting directly on the cargo 

handling platform. 

b) Water depth, wind direction, wave direction, and tidal currents 

- It is desirable to layout dolphins in a way that the longitudinal axis of dolphins becomes parallel to 

the prevailing directions of winds, waves, and tidal currents. This helps to ease vessel maneuvering 

during berthing and undocking and to reduce external forces that act on the dolphins when the vessel 

is moored. 

- The normal layout of mooring dolphins is such that they are set at the positions located on the 

lines drawn with the angle of 45º from the bitts on ship’s bow and stern and having a certain setback 

from the front face of the breasting dolphins. 

- The distance between breasting dolphins is closely related to the length overall of the target 

vessels. Figure 66 gives the relationship between the breasting dolphin interval and the water depth 

derived from past construction data for reference. 
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Figure 65 -  Example of Pile Type Dolphin 

 

Figure 66 - Distance between Breasting Dolphins 

9.2.3 External Forces Acting on Dolphins 

External Forces Acting on Dolphins: 

a) Berthing force;  

b) Tractive force from vessel’s mooring lines; 

c) Vertical forces due to deadweight and live load; 

d) Seismic force on structures and cargo handling equipment; 

e) Dynamic water pressure during an earthquake;  

g) Wind pressure on cargo handling equipment. 

9.2.4 Pile Type Dolphins  

1) In the basic design of pile type dolphins, the following items shall be examined as a general rule: 

Stresses of the piles (stresses due to the horizontal force, vertical force, and torsion); Embedded lengths 
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of the piles; Deflection of the dolphin. The items listed above should be examined according to Section 8 

of this standard. 

2) When pile type dolphins are employed, the berthing energy may normally be calculated on the 

assumption that it is absorbed by the deformations of the fenders and the piles. 

3) Large tankers are usually berthed at a slant angle with the dolphin alignment line. As the 

characteristics of fenders vary depending on the berthing angle, it is recommended in such a case to use 

the characteristics curve appropriate to the berthing angle. In addition, a slanting berthing entails the risk 

that some of the fenders attached to a breasting dolphin may not absorb the berthing energy effectively. 

Therefore, it is desirable to examine carefully which fenders will come in contact with the hull of vessel in 

consideration of the berthing angle. 

4) The uplift force due to wave on the structure may be reduced by providing a massive concrete pile 

cap, which also serves to disperse concentrated actions and to ensure rigidity. Such caps are commonly 

1.5 m to 2.5 m thick. 

9.2.5 Steel Cellular-Bulkhead Type Dolphins 

1) In the basic design of steel cellular-bulkhead type dolphins, the following items shall be examined as 

a general rule: Equivalent wall width to shear deformation; Embedded length of cellular-bulkhead; 

Stability of the wall body as a whole (sliding, overturning, bearing capacity); Tension of cell shell; 

Foundations for cargo handling equipment and mooring post. 

2) Examination of items above should be made in accordance with Section 7 of this standard. 

Examination of foundations for cargo handling equipment and mooring post is made in accordance with 

TCVN 11820-4-1:2019.  

3) In the case of a cylindrical cellular type, the equivalent wall width can be calculated using equation 

(79): 

𝐵 = 𝑅√3 (79) 

Where: 

B is the equivalent wall width (m); 

R is the radius of cylindrical cell (m). 

9.2.6 Caisson Type Dolphins 

1) In the basic design of caisson type dolphins, the following items shall be examined as a general rule: 

sliding of caisson; overturning of caisson; subsoil bearing capacity; rotation of caisson; strength of 

structural elements.  

2) Rotation of a caisson occurs when an eccentric external force acts on a dolphin. Examination of 

stability against rotation must be made even when the results of the examination of sliding, overturning 

and subsoil bearing capacity are satisfactory. In the examination of stability against rotation, it is assumed 

that the resisting force is the friction force along the caisson bottom which is proportional to the bottom 

reaction to be calculated in accordance with Section 6 of this standard. 
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APPENDIX A 

(Normative) 

External Forces Generated by Vessels Acting on Wharf 

A.1. General principles 

1) The provisions in this Appendix shall be applied to the estimation of reaction forces and tractive forces 

acting on wharf.   

2) Berthing energy shall be determined in accordance with Section 11.2.2 of TCVN 11820-2:2017. 

3) Wind forces and current forces acting on vessel shall be estimated in accordance with Appendix G of 

TCVN 11820-2:2017.  

A.2. Reaction force of fender  

A.2.1 Fender arrangement 

1) Fendering systems can be classified into three general categories, i.e. those for continuous quays, 

those for island berths and those for lead-in jetties and locks. 

a) For continuous quays, the fendering system usually consists of a series of individual fenders, the 

fender spacing should not exceed 0.15L, in which L is the overall length of ship. A typical minimum 

clearance between the vessel hull and the berth structure is 250 mm at the design deflection. 

b) For island berths, the spacing of primary fenders should take account of the actual geometry of the 

vessels to be berthed. At least two fenders (one at either side of the platform) should make full face 

contact with the flat side of the vessel hull to provide a sufficient lever arm in the horizontal plane. Note 

that: 

- Prevention of direct impact between vessels and equipment on the loading platform; 

- Restriction of lateral deflection of the structures to limits acceptable for the equipment; 

- Prevention of small vessels snagging the primary fenders, taking account of tide levels and waves. 

c) Fendering systems for lead-in jetties/approaches, for vessels entering into confined entrances such as 

locks, dry docks or ship lift systems, attention should be given to the increased likelihood of vessel wash 

and surge effects from passing vessels. Within a lock, the principal movement of a vessel as it enters or 

leaves a lock is almost parallel to the fender line. As lock water level is raised or lowered, the principal 

movement of the vessel is vertical.  

2) Fenders shall be arranged in such a way that the fenders can absorb the required portion of the 

berthing energy of the target vessel and the vessel will not come in direct contact with the mooring facility. 

The maximum fender interval can be estimated as follows: 

𝐿 = √4ℎ𝑟 − ℎ2 (A.1) 

Where: 

r is the bent radius of bow side of vessels (m); 

h is the height of fender (m). 

3) If the information of a bent radius of bow side is not available, then folowing equations offer a guideline 

to the bent radius: 
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a)   General cargo 500 ÷ 50,000 DWT 

log10 𝑟 = −0.853 + 0.640 log10(𝐷𝑊𝑇) 𝑤𝑖𝑡ℎ 𝑏𝑒𝑟𝑡ℎ𝑖𝑛𝑔 𝑎𝑛𝑔𝑙𝑒 50 

log10 𝑟 = −1.055 + 0.650 log10(𝐷𝑊𝑇) 𝑤𝑖𝑡ℎ 𝑏𝑒𝑟𝑡ℎ𝑖𝑛𝑔 𝑎𝑛𝑔𝑙𝑒 100 
(A.2) 

b)   Tanker, ore carrier 5,000 ÷ 200,000 DWT  

log10 𝑟 = −0.541 + 0.560 log10(𝐷𝑊𝑇) 𝑤𝑖𝑡ℎ 𝑏𝑒𝑟𝑡ℎ𝑖𝑛𝑔 𝑎𝑛𝑔𝑙𝑒 50 

log10 𝑟 = −0.113 + 0.40 log10(𝐷𝑊𝑇) 𝑤𝑖𝑡ℎ 𝑏𝑒𝑟𝑡ℎ𝑖𝑛𝑔 𝑎𝑛𝑔𝑙𝑒 100 
(A.3) 

A.2.2  Selection of fender 

1) In principle, fenders shall be selected appropriately in consideration of the following: 

− The characteristics of the structure of the mooring facility and the vessels to berth there; 

− Magnitude of tide; 

− In the case of a mooring facility being exposed to wave actions, the motions of moored vessels andthe 

berthing conditions of vessels including the berthing angles; 

− Fender deformation due to ship berthing; 

− The exertion of the fender reaction force generated during vessel’s berthing upon the structural 

members of the mooring facility; 

− The ranges of variation in the physical characteristics of fenders due to the deviations of the 

manufactured products from the standard, the response to dynamic loading, and the thermal response 

to the air temparature, etc 

 

Figure A.1 – Rubber Fender Characteristic Curves 

2) The berthing force is calculated from the energy absorption curve that is obtained by adding the 

energy absorbed by the deformation of fenders and that absorbed by the deformation of the berth 

structure. In fact, the energy absorbed by the deformation of the berth is much smaller than that absorbed 

by the deformation of the fenders, so the energy absorbed by the deformation of the berth could be 

ignored. Figure A.1 shows a type of rubber fender, which consists of reaction force curves and energy 

absorption curves, corresponding to 5 grades of rubber material. 
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3) Gravity type quaywalls, sheet pile quaywalls, and quaywall with relieving platform have sufficient 

levels of resistance capacity against normal berthing forces. However, flexible structures such as open-

type wharves, detached piers, and dolphins have relatively low horizontal resistance capacity (especially 

in the case of a vertical pile type mooring facility). Therefore, care should be taken to ensure that the 

berthing force becomes smaller than the allowable horizontal load when using these types of structures. 

4) Fender system should also be safe against the shearing force due to the friction between the fender 

and the vessel’s hull generated by oblique berthing of vessels. The shearing force is determined by 

means of taking berthing force being multiplied by a coefficient of friction, , listed in Table A.1 below. 

Table A.1 -  Coefficients of friction of fender facing materials in dry conditions 

Material Coefficients of friction  

UHMW-PE 0.2 

HDPE 0.3 

Nylon 0.2 

Rubber 0.6 - 0.7 

Timber 0.4 

Steel 0.5 

5) In mooring facilities that are exposed to wave actions, vessels move in both the horizontal and vertical 

directions. The vessel’s motions may cause excessive shear deformation in fenders in addition to the 

normal compressive deformation, which sometimes leads to breakage of fenders. If the shearing force is 

assumed to be the friction force, the force is estimated as about 30% to 40% of the fender reaction force. 

6) Energy Absorption by Fenders  

a) There are various types of rubber fenders such as V-shaped rubber fenders, circular hollow rubber 

fenders, and rectangular hollow rubber fenders. Each of these types differs from others in terms of the 

relationship between the reaction force and deformaistion as well as the energy absorption rate. 

Manufacturers’ catalogs show diagrams of the amount of energy absorption versus deformation, and 

those of the reaction force versus deformation for each type of fenders. Figure A.1 shows relation curves 

for a rubber fender according to 5 grades of rubber material.  

b) When selecting a fender considering the risk since the berthing energy in fact may be larger than that 

calculated following Section 11.2.2 of TCVN11820-2:2017, and consequences may arise due to fender 

system being overloaded, therefore it is needed to choose a fender so that its absorb energy must be 

larger than the risk-induced berthing energy. The risk-induced berthing energy is equal to berthing energy 

calculated following Section 11.2.2 of TCVN11820-2:2017 multiplied by a berthing energy factor, which 

is 1.5 in case of low risk and 2.0 in case of high risk. Some berthing energy factors may be referred to in 

Table A.2.   

7) Variation in Characteristics of Rubber Fenders  

a) Factors that cause variations in characteristics of fenders include the product deviations from the 

standards, aging in quality, dynamic characteristics (velocity-dependent characteristics), creep 

characteristics, repetition characteristics (compression frequency-dependent characteristics), oblique 
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compression characteristics, and thermal characteristics. In the design of fenders used to moor floating 

structures, these factors are important in the evaluation of the safety of the mooring system.  

b) In the design of fenders for wharves, it is also appropriate to give consideration to the product 

deviations. When the product deviation of the fender is ±10%, it is desirable to employ the energy 

absorption characteristics lowered by 10% from the catalog value and to use the reaction force 

characteristics raised by 10% from the catalog value in the design of the fenders and mooring facility. 

With regard to dynamic characteristics, it is recommended to confirm that the reaction force of the fender 

at the time of berthing will not exceed the standard value shown in the catalog in consideration of the 

berthing velocity of vessels. It should also be borne in mind that the fender reaction force becomes higher 

in a low-temperature environment than in the standard temperature environment. 

Table A.2 - Berthing energy factors 

Types of quaywall Berthing energy 

factors 

Continuous quay handling conventional cargo vessels 1.5 

Ferry berths 2.0 

LPG or LNG berths 2.0 

Island berths 2.0 

 

A.3. Tractive forces 

A.3.1 Mooring posts, bollards, and mooring rings arrangement  

1) The mooring equipment for a mooring facility, excluding the slipways, shall have sufficient strength 

for the mooring of vessels in consideration of the natural conditions at the site such as the topography, 

weather and marine phenomena as well as the size of vessels such as the length overall, molded breadth, 

molded draft, and gross tonnage.  

2) The arrangement of mooring equipment shall be such that the mooring of vessels and the handling 

of cargoes can be done in a smooth and safe manner. The mooring equipment such as mooring posts, 

bollards, and mooring rings shall be arranged appropriately in consideration of the positions of bitts 

aboard the vessels.  

3) Mooring posts that are used in stormy weather should be installed in the proximity of both ends of the 

wharf at the distance as far away as possible from the waterfront line. Mooring posts are usually deployed 

in such a way that the angle between the vessel’s axis and mooring rope becomes as close to 90º as 

possible so that the mooring posts provide a sufficient resistance against the external forces that act on 

the vessel in the direction perpendicular to the vessel’s axis. The number of mooring posts installed on a 

berth is usually two. 

4) Bollards should be installed on the wharf and near the waterfront line, so that they can be used for 

mooring vessels under ordinary weather conditions and for berthing/leaving of vessels. In the 

determination of the bollard interval and the minimum number of bollards per berth, the values listed in 

Table A.3 may be used as reference. 
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5) When a quay is a small one for small ships and there is no risk of upward pulling of mooring ropes by 

ships, deployment of bollards at intervals of 10 to 20 m along the waterfront line will suffice and there is 

no need to deploy mooring posts. For small quays, mooring rings having a strength equivalent to that of 

the bollards may be installed at intervals of 5 to 10 m instead of the bollards. When small quays are 

provided with mooring rings, they should be installed at an appropriate level in consideration of the tide 

level.  

6) The bow and stern ropes are stretched to suppress the surging motion of a vessel. For this purpose, 

the angles between these ropes and the vessel’s axis are made small, but the angles should not be 

smaller than 25° to 30°. Installment of bollards becomes necessary to satisty this requirement. Figure A.2 

shows typical arrangements of mooring posts and bollards. 

Table A.3 -  Intervals and Minimum Required Number of Bollards (per Berth) 

Gross tonnage of vessel (ton) Maximum interval of bollards 

(m) 

Minimum required number of 

bollards per berth (unit) 

< 2,000 GT 10 ÷ 15 4 

2,000 ÷ < 5,000 GT 20 6 

5,000 ÷ < 20,000 GT 25 6 

20,000 ÷ < 50,000 GT 35 8 

50,000 ÷ <100,000 GT 45 8 

NOTE: Convert from gross tonnage (GT) to vessel tonnage (DWT) according to the regression formulas in Appendix L of 

TCVN11820-2:2017. 

 

a) When the angles at which the mooring ropes from the mooring posts  

make with the vessel’s axis are 900 

 

b) When the angles at which the mooring ropes from the mooring posts                                                           
make with the vessel’s axis are 450 

Figure A.2 - Typical Arrangements of Mooring Posts and Bollards  

A.3.2  Arrangement of mooring lines 
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1) In case of continuous quays, mooring lines should be arranged as shown in Figure A.3, The normal 

mooring pattern consists of ropes issuing at the extremities of the vessel that make horizontal angles of 

about 30° to 45° to its longitudinal axis, plus spring lines at about 10° to its longitudinal axis. 

 

NOTE  

1 -  After breast line; 4 -  Stern line; 

2 -  Bollars; 5 -  Head line; 

3 -  Forward breast line; 6 -  Spring lines, 

Figure A.3 - Typical Mooring Pattern for Continuous Quay 

2) In case of dolphin, mooring lines should be arranged as shown in Figure A.4, In calculation, transverse 

forces acting on a vessel should be restrained by breast lines and longitudinal forces should be restrained 

by spring lines, The spring lines make horizontal angles at about 100 to vessel’s longitudinal axis, The 

mooring piers should usually be within the range 35 m to 50 m from the berthing line and assure that the 

incline angle of mooring ropes does not exceed 250, The head/stern lines make horizontal angles to 

vessel’s longitudinal axis an angle that does not exceed 450. 

.  

NOTE  

1 -  Walkways; 5 -  Breasting dolphin; 

2 -  Mooring dolphin;  6 -  Spring lines; 

3 -  Loading platform;  7 -  Head/stern lines, 

4 -  Breast lines;  

Figure A.4 - Typical Mooring Pattern for Dolphin 

A.3.3  Loads on mooring points 

One of the methods described below should be used: 

1) Method 1 – Elastic analysis 
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- The wind and current loads on the vessel should be calculated using the method given in Appendix 

G of TCVN11820-2:2017. 

- The loads on each individual mooring point should then be calculated by treating the mooring lines 

as an elastic system, using either hand calculation or a computer. 

- For calculation by hand, the system should be simplified by assuming that the longitudinal forces are 

resisted by the spring lines and the transverse forces at the bow and stern by the bow and stern breasting 

lines respectively.  

- The mooring ropes should be assumed to have the same characteristics, and account should be 

taken of the lengths and angles of the mooring lines. 

2) Method 2 – Simple shared loads 

- If the berth has six mooring points then one-third of the total transverse force on the vessel is taken 

by any one mooring point, and the mooring point should be designed for this force at normal working 

stresses, The longitudinal forces should be assumed to be resisted entirely by the spring line mooring 

points. 

- - If the berth has only four mooring points, then one-half of the total transverse force on the vessel 

should be assumed to be taken by any one mooring point. 

3) Method 3 – Working line loads 

- For vessels less than 20,000 tons displacement, or for a particular vessel using specified mooring 

ropes and mooring pattern, the mooring points should be designed at normal working stresses for a force 

equal to the minimum breaking load (MBL) of the ropes (see Tables A.6, A.7 and A.8). 

4) Method 4 – Computer simulation 

- A suitable computer simulation program should be used, or physical modelling should be carried out, 

to predict the wave forces on the vessel and to model the resultant dynamic behaviour of the vessel, 

taking into account the mooring and fendering system arrangement, This method should be adopted for 

exposed berths where vessels are subject to significant wave forces, or where the interaction between 

the vessel and the waves is significant. 

5) Method 5 – Notional bollard load capacity 

- For preliminary design of continuous berths, if there is insufficient data to carry out any of the methods 

described above, the mooring point loads in Table A.4 should be used for general cargo vessels and bulk 

carriers at a sheltered location. 

Table A.4 - Mooring point loads for general cargo vessels and bulk carriers 

Vessel displacement  (ton) Mooring point load (kN) 

20,000 ÷ 50,000 800 

50,000 < ÷ 100,000 1,000 

100,000 < ÷ 200,000 1,500 

> 200,000 ≥ 2,000 

NOTE: Storm bollards may be used in the mooring pattern, These are typically >2500 kN in capacity 
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A.3.4  Examination of mooring systems based on minimum breaking load (MBL) 

1) The provisions shall be used to verify safety of mooring systems according to the patterns as 

demonstrated in Section A.3.2 of this Appendix. 

2) Except special cases, the loads acting on vessels normally consist of wind loads and current loads 

directing to the side and the front of vessels, These loads are calculated in accordance with Appendix G 

of TCVN 11820-2:2017. 

3) 3) Total loads, including wind loads and current loads, act on the side and the front of a vessel 

according to equations: 

𝐹𝑇 = 𝐹𝑇𝑊 + 𝐹𝑇𝐶 
(A.4) 

𝐹𝐿 = 𝐹𝐿𝑊 + 𝐹𝐿𝐶 

Where: 

FT, FL are the total design loads due to wind and current acting on the side and the front of a vessel, 

respectively (kN); 

FTW, FTC are the design wind load and design current load acting on the side of a vessel, respectively 

(kN); 

FLW, FLC are the design wind load and design current load acting on the front of a vessel, respectively  

(kN). 

NOTE: The wind and current loads on the vessel must be calculated for two cases of vessel situations: full draft and ballast 

taken high and low water levels into account. 

4) In order to assess the ability of restraint with respect to a mooring system, equations below should 

be applied. 

- Ability of restraint on transversal direction of a vessel as: 

𝑅𝑇 = ∑ 𝑛𝑖, 𝑠𝑑𝑖

𝑏𝑇

𝑖=1

, 𝑐𝑜𝑠𝛽𝑖, 𝑠𝑖𝑛𝛼𝑖 
(A.5) 

- Ability of restraint on longitudinal direction of a vessel as: 

𝑅𝐿 = ∑ 𝑛𝑗, 𝑠𝑑𝑗

𝑏𝐿

𝑗=1

, 𝑐𝑜𝑠𝛽𝑗, 𝑐𝑜𝑠𝛼𝑗 (A.6) 

Where: 

RT, RL are the ability of restraint with respect to a mooring lines system on transversal and 

longitudinal directions of a vessel, respectively (kN); 

bT is the number of mooring points that resist the total design load due to wind and current acting 

on the side of a vessel (point); 

bL is the number of mooring points that resist the total design load due to wind and current acting 

on the front of a vessel (point); 

n is the number of ropes of a mooring line considered (rope); 

sd is the design tension strength of a rope, taken as percentage rate of the minimum breaking load 

(MBL) of the rope-making material (kN), Design tension strength of a rope, sd, is taken as: 55% 

MBL for steel wire ropes; 50% MBL for synthetic ropes and 45% MBL for Polyamide ropes, The 
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minimum breaking load for various materials making ropes is listed in Tables A.6, A.7 and A.8 

below. 

β is the vertical angle of mooring line (degree), Figure A.5; 

α is the horizontal angle between mooring line and front line of berth (degree), Figure A.5. 

 

Figure A.5 - Angles of β and α, and Mooring Forces Acting on a Bollar 

5) Angles of  and α are determined for each mooring line depending on the relative positions between 

bollars on wharf and chords (or fair-leads) aboard the vessel, to which angles of  is defined as: 

𝛽 = 𝑎𝑟𝑐𝑡𝑎𝑛 (
𝐻

𝐿
) (A.7) 

Where: 

H is the difference between top level of the wharf and level of the considered chord (or fair-lead) 

aboard the vessel (m); 

L is the length of the considered mooring line on the plan (m). 

NOTE  

1) Examination of mooring systems is carried out for two cases of vessel situations: full draft and ballast taken high and low 

water levels into account. 

2) When examination of mooring systems for continuous quays, the ability of restraint of the spring lines should be ignored 

when checking transverse forces, and the ability of restraint of the breast lines should be ignored when checking longitudinal 

forces acting on the vessel. 

3) When examination of mooring systems for island berths, the ability of restraint of the spring lines should be ignored when 

checking transverse forces; the ability of restraint of the breast lines and head/stern lines should be ignored when checking 

longitudinal forces acting on the vessel. 

6) Preliminarily verify mooring system by the way that compares total design loads acting on the vessel 

in equation (A.4) with the ability of restraint of a mooring system in equations (A.5) and (A.6), Note that, 

this examination is followed the ultimate limit state, therefore the total design loads acting on the vessel 

shall be taken load factors and combination factors into account as presented in Sections 4.6 and 4.8 of 

TCVN 11820-2:2017. 

7) Some kind of mooring rope material commonly used for vessels 

a) Fishing vessels are typically moored with polypropylene. 

 

 
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b) Freighters and coasters, which use domestic and/or short sea routes, are typically less than 10000 

DWT generally moored with polypropylene lines. 

c) General cargo ships, ranging from 5000 to 10000 DWT generally moored with polypropylene lines; 

larger ships are generally equipped with Polyamid lines and/or steel wires.  

d) Large tankers generally moored with steel wires and steel wires with Polyamid tails. 

e) Bulk carriers mainly moored with synthetic lines, and have steel spring lines.  

f) Container ships generally moored with steel spring lines to reduce surge motions and polypropylene 

mooring lines. 

8) Typical rope diameter 

This Appendix does not present the way to determine the mooring rope diameter for a certain vessel, 

since the mooring rope diameter is decided and selected by vessel owners, Some general principles 

about mooring rope diameter are mentioned below aiming at reference. 

a) Large tankers generally use wire rope diameter of 44 mm, although 48 mm diameter wire ropes are 

used on occasion, For fible rope, 80 mm diameter is considered a practical maximum for ship-supplied 

hawsers. 

b) Wire rope diameters typically range from about 24 mm to 44 mm, although larger diameters are 

sometimes used. 

c) Polyester rope of eight-strand or double-braid construction is generally preferred for mooring lines on 

smaller vessels, Typical rope sizes range from 36 mm to 80 mm. 

d) Polypropylen lines are used by many vessels, but it is not recommended to be of use for tankers. 

e) An example presented in Table A.5 shows a selection of mooring rope diameter, rope materials and 

the number of mooring ropes used with respect to some kind of vessels. 

Table A.5 -  Mooring lines carried by vessels 

Ship size and type Rope diameter 

(mm) 

Material Number of ropes used 

(rope) 

General cargo  2000 DWT 38 Polyester or 

Polypropylene 

6 ÷ 8 

Feeder container  7000 DWT 38 ÷ 41 

51 ÷ 57 

Polyester double braid 

Polyester 8 strands 

8 

General cargo container  16000 

DWT 

44 

26 ÷ 28 

Polyester double braid 

Wire rope 

12 

Tanker 70000 DWT 32 Wire rope 12 ÷ 14 

Bulk carrier 160000 DWT 35 ÷ 38 Wire rope 16 
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Table A.6-  Typical MBL of Steel Wire Ropes 

Rope diameter (mm) Mass (kg/100 m) MBL (kN) 

24 236 402 

26 276 472 

28 321 547 

30 368 628 

32 419 715 

36 530 904 

40 654 1,120 

44 792 1,350 

48 942 1,610 

52 1,110 1,890 

56 1,280 2,190 

60 1,470 2,510 

64 1,700 2,800 

68 1,900 3,100 

72 2,200 3,500 

76 2,400 3,800 

80 2,700 4,200 

 Table A.7 - Typical MBL of High Modulus Synthetic Fibre Ropes 

Rope diameter 

(mm) 

 

High modulus Polyethylene fibres Aramid 7 strand wire lay 

Mass  

(kg/100 m) 

MBL (kN) Mass  

(kg/100 m) 

MBL (kN) 

24 32.9 506 48 455 

26 38 578 55 533 

28 44.2 657 63 615 

30 50.5 741 68 692 

32 56.8 838 74 748 

36 71 1,002 85 871 

40 86.8 1,220 103 1,080 

44 105 1,430 127 1,410 

48 124 1,650 149 1,610 

52 145 1,890 175 1,850 

56 168 2,170 205 2,080 

60 193 2,420 235 2,380 

64 220 2,720 268 2,670 

68 248 3,010 300 3,010 

72 278 3,410 335 3,350 

76 309 3,770 373 3,700 

80 342 4,120 415 4,100 
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Table A.8 - Typical MBL in kN of High Modulus Synthetic Fibre Ropes (continued) 

Diameter 

(mm) 

 

Polyester Polyamid Polypropylene Polyester 

Mixed 

Polyolefins 

Polyester / 

Polyolefin Dual 

Fibres 

Polyamid Polyester Polyamid 

Mono and 

Fibre 

Mixture 

Polyester/ 

Polypropylene 

Melt Mixture 

  split 

mono 

multi 

PP2 

High 

strength 

multi 

PP3 

  Higher 

strength 

Double 

brainded 

Higher 

strength 

double 

brainded 

Double 

brainded 

Higher 

strength 

double 

brainded 

  

EN ISO 

1141 

EN ISO 

1140 

EN ISO 1346 EN 14687 EN 14686 EN 14685 EN 14684   

24 86.1 112 78.8 82.6 104 96.3 107 103 124 96.8 121  115 

26 101 129 91.5 104 121 113 125 121 145 113 141  136 

28 116 149 105 119 139 130 144 140 168 130 163  155 

30 132 170 119 136 158 148 164 161 193 149 186  178 

32 150 192 134 154 179 167 186 183 219 168 210  206 

36 188 240 167 191 224 210 233 231 277 211 264  259 

40 230 294 204 233 274 257 285 284 341 259 324 324 320 

44 276 351 243 278 327 308 342 343 412 311 389 412 382 

48 326 412 286 327 385 364 404 408 490 368 460 491 449 

52 380 479 332 379 448 424 471 478 574 430 537 530 521 

56 437 550 381 436 514 489 543 554 665 494 618 657 599 

60 500 627 433 495 583 558 620 635 762 566 707 706 680 

64 566 709 488 558 657 631 701 723 867 640 800 804 769 

72 708 887 608 692 820 789 877 917 1,100 800 1,000 1,059 961 

80 867 1,080 740 850 995 963 1,070 1,130 1,350 984 1,230 1,236 1,184 

88 1,040 1,300 887 1,010 1,190 1,160 1,290 1,360 1,630 1,180 1,480  1,344 

96 1,230 1,530 1,040 1,190 1,400 1,370 1,520 1,620 1,940 1,400 1,750  1,589 
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Appendix B  

(Normative) 

Auxiliary items on the wharf 

B.1. Ladder 

1) The up and down ladder can be mounted on the wall along the edge of the wharf and on the front.The 

ladder material can be either shaped steel, rubber coated steel or aluminium alloy. The overall size of the 

ladder is performed on Figure B.1. 

2) The installation position of the ladder is not affected by the process of vessels anchored on the berth, 

so the ladder is usually placed in the wall of the wharf. At locations near the handyrails are installed in 

the same manner as on Figure B.2 (a) and (c). 

3) Foot ladder can be placed submerged in low water surface design about 1m. The top ladder must be 

set lower than the top of the dock. Ladder and handrails details look on image B.2. 

  

                        (a) Front          (b) Cross section 

Figure B.1 - The overall dimensions of the ladder 

 B.2. Handrail 

1) Handrail can be arranged (if necessary) in positions such as: 

− At the water side of the public path goes to the wharf; 

− Bridge between the anchors or the work floor; 

− Stairs and bridges; 

− Around the berthing and mooring dolphins, and the working platform, 
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2) The arrangement and installation of handrails should not affect the mooring works on the wharf. The 

handrail height should not be less than 1.1m. The distance between the horizontal bars by height should 

not be more than 0.5 m. The cylindrical bar of the handrail must be welded to the steel plate pending on 

the slab. Steel plate height waiting should not be under 100mm. The handail material can be stainless 

steel or inox. 

3) In case of necessity, the handrail can be covered with steel or plastic mesh types.  

 

Figure B.2 - Ladder and handrail details (mm in size) 
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B.3. Car stopper 

1) Car stopper must be arranged at positions along the rim of the wharf, bridge to the wharf, and other 

water edge positions on the wharf. The stopper material may be of wood, steel or reinforced concrete. 

2) The height of the stopper should not be less than 200mm. The stopper is positioned backwards in 

comparison with the wall of the dock with a distance of half the stopper height. 

3) Similarly, the stopper must be arranged without compromising the anchoring and drainage on the 

docks. 

B.4. Sewer system 

B.4.1. Surface Drainage System 

The slab of the wharf must be designed so that the sea water by the waves hit on the wharf and rainwater 

must be collected and escaped to the sea. Depending on the width of the wharf, the horizontal slope on 

the docks can take between 1:60 and 1:100. Water can be picked up on surface drainage tracks along 

the edge of the dock or can be escaped directly into the sea through holes on the surface as they are in 

Figure B.3. The hole on the face concave in the shape of a pan with a diameter of about 200mm. The 

diameter in the plastic pipe is roughly 70 mm. 

 

Figure B.3 - Detailed drainage holes on the side of the dock 

B.4.2. Sealed drainage system 

For stations that have the potential to pollute the environment such as the oil terminal or coal wharf, the 

surface water must be picked up by a piping system to the container on the wharf or inland; and must be 

handled before pouring out into the sea. 

B.5. Technical trench 

1) The technical trench is usually arranged between the bollard and the crane rail; and runs along the 

edge of wharf. The size of the trench is also very varied depending on the type of dock structure, the 

function of the berth and the equipment crane loading on the dock. 

2) Usually, the electricity, gas and water pipes for the vessel are installed in the trench. In some cases, 

power supply lines for cranes are also installed in the trench. The upper pipe must be suspended or 

placed on the rack to not be flooded in case of heavy rains. 

3) The trench usually has a sealed lid or lid with openings. Along the moat must arrange the drainage 

holes with PVC pipe similar to that on the surface of the bridge to drain water directly to the seabed. 

B.6. Lifesafe equipment 

Độ dốc 1:60 đến 1:100

Ống nhựa PVC đặt trong
bản với D=50-70 mm
PVC pipe, D=50-70mm 

horizontal slope 
between 1:60 and 1:100 
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1) The rescue equipment should be arranged in terminals with a non-lower distance of 100m along the 

water's edge. In particular, in the terminal area of the protruding and independent anchorage pillars, 

2) Lifebuoy with minimal anchor cord of at least 30m should be arranged along the edge of the wharf or 

the appropriate points without hindrance to exploitation on the wharf. 
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APPENDIX C 

(Reference) 

Load combination under load and resistance factor design method 

C.1 General principles 

1) The following tables give examples of load combinations under the load factor and resistance method, 

for three typical types of quaywall structure: gravity quaywall (Table C.1), sheet pile quaywall (Table C.2) 

and Open-Type Wharves on Piles (Table C.3), 

2) Load combinations are based on the principle of considering the most unfavorable cases for each 

type of quaywall structure, 

C.2 Load combinations for gravity type quaywalls 

For gravity type quaywalls, load combinations are selected with some guidelines as follows: 

1) In the permanent action, the dominating action means self-weight and earth pressure; 

2) The load means when the crane is working, when the crane is pause (when the windstorm) and     

mooring  

3) In the variable action, the dominating action is earthquake ground motion;  

4) Tidal level is considered both H.W.L and L.W.L; 

5) For crane load, consider whether to apply crane load or not;  

6) Consider the crane load when the sea side is the maximum and when the land side is the maximum  

7) The surcharge is set according to the quay usage: q1 is taken as 30kN/m2 in case of berth without 

cranes; and q2 is taken as 10kN/m2 in case of berth with cranes. The surcharge is set as 0.5q1 or 0.5q2 

during earthquake, 
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Table C.1 – Load combinations are used to verify the gravity type quaywall 

 

NOTE: load factors, resistance factors and adjust coefficients, applying for each examination situation ①,② in Table C,1, are 

taken as those presented in Table 2 and Table 3 of this standard, 

C.3 Load combinations for length of sheet pile quaywall 

For length of sheet pile quaywall, load combinations are selected with some guidelines as follows: 

1) In the permanent action, the dominating action means self-weight and earth pressure; 

2) In the variable action, the dominating action is earthquake ground motion;  

3) Tidal level is considered both H.W.L and L.W.L; 

4) For crane load, consider whether to apply crane load or not;  

5) Consider the crane load when the sea side is the maximum and when the land side is the maximum  

6) The surcharge is set according to the quay usage: q1 is taken as 30kN/m2 in case of berth without 

cranes; and q2 is taken as 10kN/m2 in case of berth with cranes, The surcharge is set as 0.5q1 or 0.5q2 

during earthquake, 

 

- - - -

Partial factor

Circular slip of foundation ground 〇 〇 〇 〇 〇 〇 - -

13 Residual water pressure 〇 〇 〇 〇

〇 〇 〇

〇

〇

〇 〇〇 〇 〇 〇 〇

〇 〇 〇 〇〇

② ② ②

Failure of bearing capacity of 

foundation ground
① ① ① ① ①

① ①

② ② ②Overturning of wall bodies ① ① ① ① ① ① ① ① ②

① ①

〇 〇

Sliding of wall bodies ① ① ① ①

② ② ②① ① ① ②

②

〇 〇

17 Earthquake inertia force (sea side→land side)

16 Earthquake inertia force (land side→sea side)

〇 〇

〇

〇

〇 〇

〇 〇 〇

15 Mooring

11 Crane load (seismic,Maximum land side)

14 Dynamic water pressure

12 Earth pressure 〇 〇

10 Crane load (seismic,Maximum sea side)

〇9 Crane load (pause,Maximum land side)

〇8 Crane load (pause,Maximum sea side)

7 Crane load (working,Maximum land side) 〇

〇

〇

〇 〇

6 Crane load (working,Maximum sea side) 〇

〇 〇5 Surcharges:5kN/m2

〇 〇

4
With crane

Surcharges:10kN/m2 〇

〇

〇

3 Surcharges:15kN/m2

〇

〇 〇 〇 〇

2
Without crane

Surcharges:30kN/m2 〇

〇 〇 〇 〇1 Superstructure self weight 〇 〇 〇 〇

No. load

Load case

Depends on load Ship action Depends on earthquake

Working

(Crane)

Pause(windstorm)

(Crane)
Mooring

D-1 D-2 D-3 D-4

Seismic

A-1 A-2 A-3 A-4 A-5 A-6 B-1 B-2

Permanent action Variable action
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Table C.2 – Load combinations are used to verify the length of sheet pile quaywall 

 

NOTE: load factors, resistance factors and adjust coefficients, applying for each examination situation ①,②, ③ in Table C,2, 

are taken as those presented in Table 4 of this standard, 

C.5 Load combinations for open-type wharf to verify bearing capacity of piles 

For open-type wharf, load combinations are selected with some guidelines as follows: 

1) In the variable actions, the dominating actions are mooring, berthing, load, earthquake ground motion. 

2) For crane load, consider whether to apply crane load or not.  

3) Consider the crane load when the sea side is the maximum and when the land side is the maximum. 

4) The surcharge is set according to the quay usage: q1 is taken as 30kN/m2 in case of berth without 

cranes; and q2 is taken as 10kN/m2 in case of berth with cranes.The surcharge is set as 0.5q1 or 0.5q2 

during earthquake. 

5) At the time the ship actions (berthing, mooring), the crane load does not act at the same time. 

 

 

- - -〇
Circular slip of foundation 

ground

Partial factor
〇 〇 〇 〇 〇 - - -

〇

12

13 〇 〇 〇 〇 〇 〇

〇 〇 〇 〇 〇

〇 〇 〇 〇 〇Residual water pressure

Earth pressure 〇 〇 〇 〇

Permanent action Variable action

〇 〇 〇

②① ① ① ② ② ②

〇

Embbeded length of sheet 

pile
① ① ① ① ①

〇

〇 〇

17 Earthquake inertia force (sea side→land side) 〇

16 Earthquake inertia force (land side→sea side)

14 Dynamic water pressure 〇 〇 〇

15 Mooring

〇

〇

〇11 Crane load (seismic,Maximum land side)

9 Crane load (pause,Maximum land side)

10 Crane load (seismic,Maximum sea side)

〇

〇

8 Crane load (pause,Maximum sea side) 〇

6 Crane load (working,Maximum sea side) 〇

7 Crane load (working,Maximum land side) 〇

〇

5 Surcharges:5kN/m2 〇 〇

〇

〇 〇

〇 〇3 Surcharges:15kN/m2 〇

4
With crane

Surcharges:10kN/m2 〇 〇

〇

〇

2
Without crane

Surcharges:30kN/m2 〇

〇 〇 〇 〇 〇 〇1 Superstructure self weight 〇 〇 〇 〇 〇

No. load

Load case

Depends on load Ship action Depends on earthquake

Seismic

A-1 A-2 A-3 A-4 A-5 A-6 B-1 B-2 D-1

Working

(Crane)

Pause(windstorm)

(Crane)
Mooring

D-2 D-3 D-4
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Table C.3 – Load combinations are used to verify bearing capacity of piles 

 

NOTE: load factors, resistance factors and adjust coefficients, applying for each examination situation ①,②, ③, ④ or ⑤  in 

Table C.3, are taken as those presented in Table 11, Section 8.5.5 of this standard.  

load

A-1 A-2 A-3 A-4 A-5

Seismic

Variable action

Load case

Depends on load Ship action Depends on earthquake

Working

(Crane)

Pause(windstorm)

(Crane)

D-2 D-3 D-4A-6 B-1 B-2 C-1 C-2 D-1

〇

〇

〇

〇

〇 〇

〇 〇

Mooring Berthing

〇

〇

〇 〇

〇 〇

〇

〇

〇

〇

〇 〇

〇 〇

〇 〇 〇 〇

〇 〇

〇

〇 〇 〇 〇

〇

〇 〇 〇 〇 〇

〇

〇 〇

Crane load (pause,Maximum land side)

Crane load (seismic,Maximum sea side)

Crane load (seismic,Maximum land side)

Superstructure self weight

Without crane

With crane

Surcharges:30kN/m2

Surcharges:15kN/m2

Crane load (working,Maximum sea side)

Crane load (working,Maximum land side)

Crane load (pause,Maximum sea side)

No.

12

13

14

15

6

7

8

9

10

11

① ① ① ② ② ② ③

1

2

3

4

5

Earthquake inertia force (sea side→land side)

〇

〇

Surcharges:10kN/m2

Surcharges:5kN/m2

Mooring

Berthing

Earthquake inertia force (land side→sea side)

①、② ①、②
③、④
、⑤

③、④
、⑤

③、④
、⑤

③、④
、⑤

Partial factor

Stress of piles

Bearing capacity of piles ①、② ①、② ①、②
③、④
、⑤

③、④
、⑤

③、④
、⑤

①、② ①、②

③ ④、⑤ ④、⑤ ⑥ ⑥ ⑥ ⑥
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