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fe :  efficiency of hammer, ranging from 0.6 to 1.0, depending on the type of hammer 14) 

e  : rebound coefficient ( 1e if completely elastic, and 0e  if completely non-elastic) 

S  : final penetration length of pile (m) 

1C : elastic deformation of pile (m) 

2C : elastic deformation of ground (m) 

3C : elastic deformation of pile head cushion (m) 

Most pile driving formulas are obtained by replacing C1, C2, C3, ef, e, etc. in equation (D.42) with 

appropriate values. Equation (D.45) is considered relatively well-suited to steel piles. Assuming the 

impact between hammer and pile to be elastic, i.e., e = 1, the following is derived: 

2
321 CCC

S

Fe
R f

du 


  
(D.45) 

The term C1 + C2 + C3 in the above is the sum of elastic deformation of ground, pile, and pile head 

cushion. Of these, C1 + C2 are equal to the rebound K measured at the pile head in pile driving tests 

(see Fig D.23). With steel piles, elastic deformation C1 is dominant while C3 is generally smaller. 

Thus, if C3 is neglected, the following can be assumed: 

KCCCCC  21321  (D.46) 

thus, 

2

K
S

Fe
R f

du


  

(D.47) 

Where: 

Rdu : dynamic ultimate bearing capacity of pile (kN) 

ef : efficiency of hammer, set at 0.5 in case of equation (D.47) 

S : penetration length of pile (m) 

drop hammers: mean penetration per strike for the final 5 ~ 10 strikes (m) 

other hammers: mean penetration per strike for the final 10 ~ 20 strikes (m) 

K : rebound (m) 

F : impact energy (kN.m) 

Drop hammer, Single action stea hammer: F=WH H 

Double action steam hammer: F=(ap+WH ) H 

Diesel hammer: F=2 WH H 

H : drop height of hammer (m) 

WH : weight of hammer (kN) 

a : cross-sectional area of cylinder (m2) 
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p : steam pressure, air pressure (kN/m2) 

The design bearing capacity daR  is obtained by dividing duR  by a coeficent for adjustment of 3. Thus, 

duda RR
3

1
  

(D.48) 

 

Fig D.23. Rebound Measurement 

D.6.2 Design of Joints between Piles and Structure 

Joints between piles and structures shall be designed to ensure safety against the stresses arising in 

them. 

It is not easy to decide whether joints between pile heads and the structure should be designed as rigid 

joints or hinge joints, because each joint type has its advantages and disadvantages. In actual 

designs, judgements should be based on a firm understanding of the characteristics of each, as 

described below: 

1) There is no difference between a rigid joint and a hinge joint as far as the response to vertical loads 

is concerned. When buckling must be considered, the rigid joint is preferable because the buckling 

length of rigid joint is shorter. 

2) When subject to a horizontal load, the horizontal displacement of the pile head with rigid joints is 

much smaller than that with hinge joint. 

3) When a horizontal load is applied to a pile with rigid joint, a fixed end moment occurs at the pile 

head. 

4) In case of rigid joints, the pile head moment changes owing to the rotation of the structure. 

5) In dynamic analysis of joints, analysis of hinge joints is simpler and clearer than that of rigid joints. 

But in normal construction it is difficult to use hinge structures for all joints between pile heads and the 

structure. 

D.6.3 Joints of Piles 

1) Joints of piles shall be sufficiently safe against loads after completion as well as during construction.  

2) Joints shall be placed at the position where there is a sufficient margin in cross-sectional strength 

and relatively free from corrosion. 
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3) Depending on the position of joints, the forces acting on joints after completion of a structure are 

sometimes far smaller than the total strength of the piles. However, considerations should be taken to 

ensure the safety of joints against the pile-driving stress during construction, load increases in future, 

and unexpected stresses arising within the cross section of joints. 

D.6.4 Change of Plate Thickness or Materials of Steel Pipe Piles 

1) When changing plate thickness or material of steel pipe piles, all due considerations shall be given 

to the workability and the distribution of section force of piles. 

2) The section force of steel pipe piles varies with depth, generally decreasing as the penetrated 

depth of piles becomes large. Therefore, plate thickness or material of steel pipe piles is sometimes 

changed from economical point of view.  

3) When changing plate thickness or material of steel pipe piles, the position of the change should be 

at the depth where the section force arising in the piles does not increase. Caution is also required 

because such a change may not be allowed if a large negative skin friction is active. 

4) ointing piles with different thickness and materials should be done by shop circular welding. The 

shape of the welded section should comply with TCVN 9245:2012. 

D.6.5 Other Points for Caution in Design 

1) Steel Piles  

(1) Radial buckling of steel pipe piles  

When using closed ended piles and when using open ended piles from which the soil is to be removed 

for filling with concrete, if the wall thickness of the pile is extremely thin relative to the pile diameter or 

penetration length is extremely large, there is a danger of buckling in the radial direction due to the 

earth pressure and water pressure acting on the pile surface. Therefore, caution is necessary.  

The external pressure at which buckling occurs when a steel pipe is subjected to uniform external 

pressure can generally be expressed as shown in equation (D.49).  

 

(D.49) 

Where: 

pk : external pressure causing buckling (kN/m2) 

E : modulus of elasticity of steel (kN/m2) E = 2.1 x 108 kN/m2 

v : Poisson’s ratio of steel v = 0.3 

t : wall thickness of cylinder (mm) 

r : radius of cylinder (mm) 

(2) Axial buckling of steel pipe piles In steel pipe piles which have a thin wall thickness relative to 

the pile diameter, as in large diameter piles, there is a danger of local buckling due to axial 

loading.  
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There is no danger that buckling will occur during pile driving provided the impact stress is less than the 

yield stress of the steel pile. Kishida and Takano proposed equation (D.50) to express the effect of wall 

thickness on yield stress.. 

 
(D.50) 

Where: 

σpy : yield stress of steel pile considering effect of wall thickness (kN/m2) 

σy : yield stress of steel pile against static load (kN/m2) 

t    : plate thickness of pipe pile (mm) 

r   : radius of pipe pile (mm). 

 

 

 

 

 

 

 

 

 

 

Annex E 

(Reference) 

Stability of Slopes  

 

E.1 General  

1) Stability of slopes against slip failure caused by self weight of soil and/or surcharge shall be 

analyzed as a two-dimensional problem, assuming a circular arc slip surface or a planar slip 

surface. 

2) Slope stability analysis shall be carried out on the condition that the slope becomes least stable. 

3) Slope stability analysis is to calculate a safety margin at a limit equilibrium state when a soil 

mass of slope becomes unstable due to self weight of soil and/or surcharge. Calculation methods 

used in slope stability analysis may also be used to study bearing capacity of foundations, 

because they are intended to examine the stability of soil mass. 

4) Shapes of Slip Surface 

(1) Types of shapes of slip surfaces  
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Theoretically speaking, shapes of slip surfaces in slope stability analysis are combinations of planar, 

logarithmic spiral, and/or circular arc shapes. In practice, however, planar or circular arc slip surfaces 

are assumed. When there is a particularly weak layer and a slip surface is expected to pass over it, that 

slip surface or other appropriate slip surfaces may sometimes be assumed. An assumed slip surface 

in general should be the one along which the slip of the soil mass smoothly takes place. Thus, a slip 

surface with sharp bends or curves that seems to be kinematically unnatural should not be used. 

(2) Slip failure of slope on sandy soil ground  

Slip failure of dry or saturated sand slope usually takes a mode that the slope inclination decreases by 

collapsing. Thus, its shape should be considered as a planar plane rather than a circular arc. Even 

when assuming a circular arc slip surface, its form is close to a planar one. The inclination of sandy 

slope in equilibrium is termed as the angle of repose, which is equivalent to an internal friction angle 

that corresponds to the void ratio of the sand in the slope. The angle of repose of unsaturated sand, 

having apparent cohesion due to surface tension of pore water in the sand, becomes larger than that of 

dry or saturated sands.  

(3) Slope failure of cohesive soil ground  

The actual slip failure surface of clayey ground is close to a circular arc, and a deep slip called the base 

failure often takes place, while a shallow slip appears near the surface layer in sandy slope. 

Slope stability analysis is usually dealt as a two-dimensional problem. Although actual slip surfaces in 

slopes with long extention take the form of three-dimensional curved surfaces, a two dimensional 

analysis gives a solution on the safer side. When the stability is expected to decrease due to surcharge 

over a finite extention, however, the lateral resistance of both the ends of a cylindrical failure surface 

may be taken into account. 

5) Actions in Slope Stability Analysis  

Important causes of slip failures are self weight of soil, surcharge, water pressure and others. Beside 

them, repeated actions such as seismic force, wave force, and others may be included. Resistance 

against the slip is given by shear resistance of soil and counter weight.  

Because the shear strength of soil is related with time, the stability problems on soil mass are classified 

into two cases; loading on the ground in normally consolidated state, and unloading by excavation. The 

former is referred to as a short-period stability problem and the latter a long-period. It is preferable to 

use shear strength appropriate to each case (see Part II, 6.2.2.2.3 Shear Characteristics).  

6) Stability verification in slope stability problems can be performed by confirming that the ratio of the 

shear stress in an assumed slip surface to the shear strength of soil is smaller than 1.0.  The value 

of the obtained ratio will differ depending on the assumed slip surface. However, the result with the 

largest ratio of “shearing force”/ “sheaing resistance” among the shearing resistance and shearing 

force obtained assuming several slip surfaces based on the given conditions shall be regarded as 

the limit state for slip failure of the slope under study. 
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When partial factor of action S and partial factor of resistanceR are assumed as 1.0 respectively, 

coefficient for adjustment m corresponds to a safety factor.  

In general, a coefficient for adjustment more than 1.30 for ordinary conditions can be used in slope 

stability analyse. However, a coefficient for adjustment between 1.10 and 1.30 may be acceptable 

under the condition that the design parameters are thought to be highly reliable based on the actual 

performance in the similar subsoil conditions, and that construction works are carried out with detailed 

monitoring of displacements and stresses of the ground. 

E.2 Stability Analysis 

E.2.1 Stability Analysis Using Circular Slip Surface Method 

Depending on the ground characteristics, slope stability shall be examined by circular arc analysis 

using the modified Fellenius method as shown in the following equation, or else by an appropriate 

method in accordance with B.5 Bearing Capacity for Eccentric and Inclined Loads. 

   
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(E.1) 

where:  

R : radius of slip circle (m) 

ck : characteristic value of undrained shear strength of cohesive soil, or characteristic value of 

apparent cohesion of sandy soil in drained condition (kN/m2) 

l : length of base of a segment (m) 

W'k : characteristic value of effective weight of slice segment per unit length (weight of soil; unit 

weight in water, if submerged) (kN/m) 

qk : characteristic value of vertical action from top of slice segment (kN/m) 

 : angle of segment base to the horizontal (º) 

k : 0 for cohesive soil, or for sandy soil, characteristic value of angle of shear resistance in 

drained condition (º) 

Wk : characteristic value of total weight of slice segment per unit length (total weight of soil and 

water) (kN/m) 

x : horizontal distance between the center of gravity of slice segment and the center of slip 

circle (m) 

PH : horizontal action on a soil mass of slice segment in a slip circle (kN/m) 

a : arm length from center of circular slip failure at position of horizontal action PH (m) 

s : width of segment (m) 

S : partial factor of action 
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R : partial factor of resistance 

m : coefficient for adjustment. 

In slope stability analysis, slip failure may be caused by self weight of soil, surcharge, water pressure, 

wave pressure, seismic force and others. Resistance to slip failure is the shear resistance of soil, 

counter weight and others. A safety margin against slip failure of slope is defined as the ratio of the 

shear strength of soil to the shear stress arising on an assumed slip surface. When assuming a 

circular slip surface, it is calculated as the ratio of resisting moment to overturning moment around 

the center of the slip circle. 

1) Stability Analysis Method Using Modified Fellenius Method 

Various calculation methods have been proposed for the slice method. They vary in their 

assumptions on the forces acting on the vertical planes between the segments. The modified Fellenius 

method assumes that the direction of resultant force acting on vertical planes between the segments 

is parallel to the base of the segments. This method is also referred to as the simplified method or 

Tschebotarioff method. When a circular arc and a segment are as shown in Fig. E.1, a stability of 

slope according to the modified Felle- nius method can be obtained using equation (E.1)  

 

Fig E.1. Circular Arc Analysis Using Modified Fellenius Method 

For conducting slope stability analysis, the center of a slip circle is set first of all. Of the slip circles that 

take this point as their center, the one that gives theminimum safety margin is sought for. This safety 

margin then becomes the safety margin for that center point. The safety margin for the other centers 

are then found using the same method. The minimum value obtained via con- tours for safety margin is 

defined as the safety margin against slip failure of the slope.  

2) Stability Analysis Method Using Bishop Method 

Bishop proposed an equation for calculating a stability of slope taking account of vertical shear force 

and horizontal force acting on the vertical planes of segments. In actual calculations, a commonly 

used method assumes vertical shear forces to be in equilibrium. This is termed the simplified Bishop 

method. The stability of slope by the simplified Bishop method Fs is calculated using equation (E.2) 
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Where:  

R : radius of  slip circle (m) 

ck : characteristics value of undrained shear strength of cohesive soil, or characteristic value of 

apparent cohesion of sandy soil in drained condition (kN/m2) 

W'k : characteristic value of effective weight of slice segment per unit length (weight of soil; unit 

weight in water, if submerged) (kN/m) 

qk : characteristic value of vertical action from top of slice segment (kN/m) 

 : angle of segment base to the horizontal (º) 

k : 0 for cohesive soil; for sandy soil, characteristic value of angle of shear resistance  in 

drained condition (º) 

Wk : characteristic value of total weight of slice segment per unit length (total weight of  soil and  

water) (kN/m) 

PHk : characteristic value of horizontal action on a soil mass of slice segment in circular slip 

(kN/m) 

a : arm length from center of circular slip failure at position of action of PHk (m) 

s : width of slice segment (m)  

S : partial factor of action 

R : partial factor of resistance 

m : coefficient for adjustment. 

3) Applicability of Stability Analysis Methods 

The safety margin obtained from the modified Fellenius method and the simplified Bishop method are 

in agreement for cohesive soil in which  = 0, while they differ when the circular arc passes through 

sandy soil layers. The modified Fellenius method is commonly used for circular arc analysis both. This is 

because it has been reported that the modified Fellenius method reasonably explains the actual 

behaviors of slope failur, and also because it gives a safety margin on the safer side in sandy soil 

layers. However, when the foundation ground consists of only sandy soil layers, or when a circular arc 

cuts through the ground consisting of a thick sandy layer at the top and a cohesive layer at the bottom, 

it has been confirmed that the modified Fellenius method underestimates the safety factor. The 

simplified Bishop method gives solutions of higher accuracy under such conditions, being judged from 

the viewpoint of the basic principles of stability calculation method. Thus the simplified Bishop method 

should be used particularly for bearing capacity problems of rubble mounds, in which an eccentric and 

inclined loads are applied (see B.5 Bearing Capacity for Eccentric and Inclined Loads). The 

simplified Bishop method has a shortcoming that it overestimates a safety margin when a surcharge is 

applied vertically on sandy soil layer that lies almost horizontally. For such a case, a stability calculation 

method may be carried out whereby the ratio of the vertical to the horizontal forces between the 

segments is assumed to be 1/3.5 of the angle of segment base to the horizontal. The safety factor in 

this calculation is evaluated using the following equation: 

(Draft)



TCVN 11820-4-1: 2019 
 

 
 
 

164
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(E.3) 

Where n = 1+ tan . tan (). The parameter  defines the ratio of the vertical to the horizontal forces 

acting on the vertical planes of segments, and taken as  = 1/3.5. The other symbols are the same as in 

equation (E.2) 

E.2.2 Stability Analysis Assuming Slip Surfaces Other Than Circular Arc Slip Surface 

Despite the provisions stated in the previous sections, a planar or a compounded slip surface shall 

be assumed in stability analysis when it is more appropriate to assume a slip surface other than a 

circular arc slip surfaces according to the ground conditions 

When assuming a planar slip surface, a stability against slip failure of  slope is calculated using the 

following equation: 
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
 (E.4) 

Trong đó:  

ck : characteristic value of cohesion of soil (kN/m2) 

k : characteristic value of angle of shearing resistance of soil (º)  

L : length of a segment base (m)  

W'k : characteristic value of effective  weight  of  slice  per  unit  length  (weight of soil; effective  

weight in water, if submerged) (kN/m) 

Wk :  characteristic value of total weight of slice per unit  length (total weight of soil and water) 

(kN/m) 

 : inclination of slice base (assumed to be positive in the case shown in Fig E.2) (º) 

PHk : characteristic value of horizontal action per unit length applied to a slice (kN/m) 

S :  partial factor of action 

R :  partial factor of resistance 

m  :  coefficient for adjustment. 

When partial factor of action and resistance are 1.0 respectively, the minimum coefficient for adjustment 

should be 1.2 under ordinary conditions and 1.0 during an earthquake 

 

Fig E.2. Slope Stability Analysis Using Planar Slip Surface  
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Annex F 

(Reference) 

Earth Pressure 

 

F.1 Earth Pressure at Permanent Situation 

F.1.1 Earth pressure of Sandy soil 

1) The earth pressure of sandy soil acting on the backface wall of structure and the angle of sliding 

surface shall be calculated by the following equations: 

- Active earth pressure and the angle of failure surface 
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cos( )ai ai i i

w
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  (F.1) 
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- Passive earth pressure and the angle of failure surface: 
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With 

pai, ppi : active and passive earth pressures, respectively, acting on the backface of the wall 

at the bottom level of the i-th soil layer (kN/m2) 

i : angle of internal friction of the i-th soil layer (°) 

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

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

Kai, Kpi : coeffcients of active and passive earth pressures, respectively, in the i-th soil layer 

Ψ : angle of batter of backface wall from vertical line (°) 

β : angle of backfll ground surface from horizontal line (°) 

δ : angle of friction between backflling material and backface wall (°) 

ζ i : angle of failure surface of the i-th soil layer (°) 

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

2) The earth pressure at permanent situation is based on Coulomb's earth pressure theory. 

3) Earth pressure at rest as expressed by equation (F.5) may be used when there is little 

displacement because of the wall being confined. 

o i ip K h 
 

(F.5) 

Where: 

K0 : Coefficient of earth pressure at rest 

4) Angle of Internal Friction of Soil 

The angle of internal friction of backfill soil normally has a value of 30°. In case of especially good 

backfilling material, it can be set as large as 40°. It is possible to use the results of soil tests and /or to 

estimate the angle of internal friction of soil by reliable estimation formulas. 

5)  Angle of Friction between Backfilling Material and Backface Wall: 

The angle of friction between backfilling material and backface wall normally has a value of ±15–20°. It 

may be estimated as one-half of the angle of internal friction of backfilling material. 

6)  Unit Weight of Soil: 

The unit weight of soil normally has a value of 18 kN/m3 as unsaturated soil such as a soil above the 

residual water level, and 10 kN/m3 as saturated soil below it. 

7) Calculation Formula for Resultant Force of Earth Pressure 

The resultant force of earth pressure is calculated at each layer. The objective force for the i-th layer 

can be calculated using equation (F.6). 
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(F.6) 

Moreover, the horizontal and vertical components of the resultant force of earth pressure can be 

calculated using equations (F.7) and (F.8). 

 osih iP Pc   
 

(F.7) 

 siniv iP P   
 

(F.8) 

Where: 

Pih:  Horizontal component of the resultant force of earth pressure 

Piv:  Vertical component of the resultant force of earth pressure 

 

Fig. F.1 Schematic Diagram of Earth Pressure Acting on Retaining Wall 

F.1.2 Earth Pressure of Cohensive Soil 

1) The earth pressure of cohesive soil acting on the backface wall of structure shall generally be 

calculated by following equations: 

- Active earth pressure:  pa = ∑i hi + – 2c                                                            (F.9) 

- Passive earth pressure: pa = ∑i hi + + 2c 
                            

(F.10) 

Where: 

pa :  active earth pressure acting on the bottom level of the i-th soil layer (kN/m2) 

pp :  passive earth pressure acts on the bottom level of the i-th soil layer (kN/m2) 

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

hi :  thickness of the i-th soil layer (m) 
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ω :  uniformly distributed surcharge on the ground surface (kN/m2) 

c :  cohesion of soil (kN/m2) 

2) The earth pressure of cohesive soil is very complex. The equations above are based on expedient 

calculation methods and must be applied with care. 

3) Active earth pressure can be calculated using equation (F.9). If a negative earth pressure is 

obtained by calculation, the pressure should be assumed to be zero down to the depth where positive 

earth pressure exerts. 

4) Equation (F.11) may be used for earth pressure at rest. 

o i ip K h   (F.11) 

where 

K0 : coefficient of earth pressure at rest. 

5) Cohesion of Soil: 

Cohesion of soil should be determined using an appropriate method.. For example, equation (F.12) 

should be used when using results of unconfined compression tests. 

2

q
c   (F.12) 

where 

qu : unconfined compressive strength (kN/m2) 

6) Angle of Friction between Backfilling Material and Backface Wall  

In case of cohesive soil, the cohesion between backfill and backface wall should be ignored. 

7) Unit Weight of Cohesive Soil 

The unit weight of cohesive soil should be estimated by soil test. The wet unit weight t should be used 

for soils above the residual water level, and the submerged unit weight ' be used for soils below the 

residual 

F.2 Earth Pressure during Earthquake 

F.2.1 Earth Pressure of Sandy Soil 

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

cos
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w
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(F.14) 

Where:   
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2) Passive earth pressure and the angle of failure surface from the Horizontal Surface 
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Where:   
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The notations pai，ppi，Kai，Kpi，ζi，ω，i，hi，ψ，β，δ and i, are the same as those defined in F.2 

Earth Pressure at Permanent Situation, equation (F.11) to (F.14). Also, θ is defined as follows 

θ : composite seismic  angle (º) shown as following (a) or (b): 

 (a)  θ = tan-1k 

 (b)  θ = tan-1k' 

 Where:   

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

 k': apparent seismic coefficient (below above the residual water level) 

3) Apparent seismic coefficient shall be in accordance with F.2.3 Apparent Seismic Coefficient. 

4) Earth pressure during an earthquake is based on the theories proposed by Mononobe 1) and 

Okabe.2) 

5)  Angle of Friction Between Backfilling Material and Backface Wall 

Angle of friction between backfilling material and backface wall normally has a value of ± 15and below. 

It may be estimated as one-half of the angle of internal friction of backfilling material. 

6) Earth Pressure below Residual Water Level 

Generally, the earth pressure distribution above the residual water level and below the residual water 

level should be determined by using the seismic coefficient in air and the apparent seismic coefficient 

shown in F.2.3 Apparent Seismic Coefficient respectively. The composite seismic angle k is used for 

soils above the residual water level, and k’is used below it. 

7) Coefficient of Earth Pressure 

The coefficient of earth pressure and angle of failure surface can be obtained from the diagrams in Fig. 

F.2. 

8) The earth pressure theory assumes that the soil and the pore water behave integrally. Thus the 

equations mentioned above cannot be applied to liquefied soil. It is necessary for liquefied soil to 
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evaluate the seismic stability of the ground and structures with dynamic effective stress analysis or 

model tests. 
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Fig. F.2 Coefficient of Earth Pressure and Failure  
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F.2.2 Earth Pressure of Cohesive Soil 

The earth pressure of cohesive soil acting on a wall of the structure during an earthquake and the angle 

of the failure surface against the horizontal surface shall generally be calculated as follows: 

1) Active Earth Pressure 

Active earth pressure shall be calculated using an appropriate earth pressure formula which takes the 

seismic coefficient into account so that the structural stability will be secured during an earthquake. 

Generally, the active earth pressure can be calculated using equation (F.17) and the angle of failure 

surface using equation (F.18). 
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 


 

(F.18) 

Where:  

pa :  characteristic value of the active earth pressure (kN/m2) 

i :  unit weight of the soil (kN/m3) 

hi :  thickness of the soil layer (m) 

ω :  surcharge load per horizontal surface area (kN/m2) 

c :  cohesion of the soil (kN/m2) 

θ :  expressed as composite seismic angle θ = tan−1 k (°) or θ = tan−1 k′ (°). 

k :  seismic coefficient 

k' :  apparent seismic coefficient 

ζ a :  angle of the failure surface (°) 

2) Passive Earth Pressure: 

Passive earth pressure shall be calculated using an appropriate earth pressure formula so that the 

structuralstability will be secured during an earthquake. 

There are many unknown factors concerning the method for determining the passive earth pressure of 

cohesive soil during an earthquake. Conventionally, however, equation (F.10) in F.2.2 Earth Pressure 

of Cohesive Soil for obtaining the earth pressure of cohesive soil is used in line with methods for earth 

pressure calculation at Permanent situation. At present, equation (F.10) can be used as an expedient 

method. 

3) The apparent seismic coefficient should be used to calculate the earth pressure of cohesive soil 

down to the sea bottom during an earthquake. The apparent seismic coefficient may be set as zero 

when calculating the earth pressure at the depth of 10 m from the sea bottom or deeper. However, if 

the earth pressure at the depth of 10 m below the sea bottom becomes less than the earth pressure at 

the sea bottom, the latter should be applied. 

F.2.3 Apparent Seismic Coefficient 
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1) The earth pressure acting on the soil below the water level during an earthquake can be calculated 

by the following equation: The earth pressure acting on the soil below the water level during an 

earthquake can be calculated according to the procedures outlined in F.2.1 Earth Pressure of Sandy 

Soil and F.2.2 Earth Pressure of Cohesive Soil, by using the apparent seismic coefficient which is 

generally determined by the following equation: 
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h h w h
k k

h y h w y h
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  


      

 
 

 (F.19) 

Where  

k' : apparent seismic coefficient 

t :  unit weight of soil layer above the residual water level (kN/m3) 

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

 : unit weight in the air of saturated soil layer (kN/m3) 

hj :  thickness of the j-th soil layer above the layer for which earth pressure is being calculated 

below the residual water level (m) 

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

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

level (m) 

k :  seismic coefficient 

2) Presently, equation (8-19) is generally used for calculating earth pressure during an earthquake, as 

it can be applied to light-weight filling material and other new materials, and is believed to be the most 

rational method. 

3) On the assumption that soil grain and water move in an integrated manner with respect to soil 

under the water level during an earthquake, the force of the ground motion acting on the soil would be 

the product of the soil's saturated weight multiplied by the seismic coefficient. Moreover, since the soil 

under the water level is endowed with buoyancy, the vertical force acting on the soil is the soil's under-

water weight. Therefore, the resultant force on the soil under the water level during an earthquake 

would be different from that in the air. When calculating earth pressure during an earthquake, the 

equation for determining earth pressure during an earthquake for soil in the air can also be used with 

soil under water by applying apparent seismic coefficient deduced from the composite seismic angle. 

The vertical force acting on soil under water includes the weight of the soil layers above the layer for 

which earth pressure is being calculated as well as the surcharge load. Hence apparent seismic 

coefficient is affected by these factors 
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Fig. F.3. Symbols for Apparent Seismic 
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Annex G 

(Reference) 

Sample methods for settlement evaluation 

 

G.1 General 

1) Calculations of settlements shall include both immediate and delayed settlement. 

2) The following three components of settlement should be considered for partially or fully saturated 

soils: 

- s0 : immediate settlement; for fully-saturated soil due to shear deformation at constant volume, and 

for partially-saturated soil due to both shear deformation and volume reduction; 

- s1 : settlement caused by consolidation; 

- s2 : settlement caused by creep. 

3) Commonly recognized methods for evaluating settlements should be used. 

NOTE The methods for evaluating settlements s0 and s1 given in in G.2 may be applied. 

4) Special consideration should be given to soils such as organic soils and soft clays, in which 

settlement may be prolonged almost indefinitely due to creep. 

5) The depth of the compressible soil layer to be considered when calculating settlement should 

depend on the size and shape of the foundation, the variation in soil stiffness with depth and the 

spacing of foundation elements. 

6) This depth may normally be taken as the depth at which the effective vertical stress due to the 

foundation load is 20% of the effective overburden stress. 

7) For many cases this depth may also be roughly estimated as 1 to 2 times the foundation width, but 

may be reduced for lightly-loaded, wider foundation rafts. 

NOTE This approach is not valid for very soft soils. 

8) Any possible additional settlement caused by self-weight compaction of the soil shall be assessed. 

9) The following should be considered: 

- The possible effects of self-weight, flooding and vibration on fill and collapsible soils; 

- The effects of stress changes on crushable sands 

10) Either linear or non-linear models of the ground stiffness shall be adopted, as appropriate. 

11) To ensure the avoidance of a serviceability limit state, assessment of differential settlements and 

relative rotations shall take account of both the distribution of loads and the possible variability of the 

ground. 

12) Differential settlement calculations that ignore the stiffness of the structure tend to be over 

predictions. An analysis of ground-structure interaction may be used to justify reduced values of 

differential settlements. 
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13) Allowance should be made for differential settlement caused by variability of the ground unless it is 

prevented by the stiffness of the structure. 

14) For spread foundations on natural ground, it should be taken into account that some differential 

settlement normally occurs even if the calculation predicts uniform settlement only. 

15) The tilting of an eccentrically loaded foundation should be estimated by assuming a linear bearing 

pressure distribution and then calculating the settlement at the corner points of the foundation, using 

the vertical stress distribution in the ground beneath each corner point and the settlement calculation 

methods described above. 

16) For conventional structures founded on clays, the ratio of the bearing capacity of the ground, at its 

initial undrained shear strength, to the applied serviceability loading should be calculated (see 4.8, 4)). 

If this ratio is less than 3, calculations of settlements should always be undertaken. If the ratio is less 

than 2, the calculations should take account of non-linear stiffness effects in the ground. 

G.2 Sample methods for settlement evaluation 

G.2.1 Stress-strain method 

The total settlement of a foundation on cohesive or non-cohesive soil may be evaluated using the 

stress-strain calculation method as follows: 

- Computing the stress distribution in the ground due to the loading from the foundation; this may be 

derived on the basis of elasticity theory, generally assuming homogeneous isotropic soil and a linear 

distribution of bearing pressure; 

- Computing the strain in the ground from the stresses using stiffness moduli values or other stress-

strain relationships determined from laboratory tests (preferably calibrated against field tests), or field 

tests; 

- Integrating the vertical strains to find the settlements; to use the stress-strain method a sufficient 

number of points within the ground beneath the foundation should be selected and the stresses and 

strains computed at these points. 

G.2.2 Adjusted elasticity method 

1) The total settlement of a foundation on cohesive or non-cohesive soil may be evaluated using 

elasticity theory and an equation of the form: 

s = p x B x f / Em (G.1) 

Where: 

Em is the design value of the modulus of elasticity 

f is the settlement coefficient 

p is the bearing pressure, linearly distributed on the base of the foundation 

s is settlement 

B is width of a foundation. 
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2) The value of the settlement coefficient f depends on the shape and dimensions of the foundation 

area, the variation of stiffness with depth, the thickness of the compressible formation, Poisson's ratio, 

the distribution of the bearing pressure and the point for which the settlement is calculated. 

3) If no useful settlement results, measured on neighbouring similar structures in similar conditions 

are available, the design drained modulus Em of the deforming stratum for drained conditions may be 

estimated from the results of laboratory or in-situ tests.  

4) The adjusted elasticity method should only be used if the stresses in the ground are such that no 

significant yielding occurs and if the stress-strain behaviour of the ground may be considered to be 

linear. Great caution is required when using the adjusted elasticity method in the case of non 

homogeneous ground. 

G.2.3 Settlements without drainage 

The short-term components of settlement of a foundation, which occur without drainage, may be 

evaluated using either the stress-strain method or the adjusted elasticity method. The values adopted 

for the stiffness parameters (such as Em and Poisson's ratio) should in this case represent the 

undrained behavior 

G.2.4 Settlements caused by consolidation  

To calculate the settlement caused by consolidation, a confined one-dimensional deformation of the soil 

may be assumed and the consolidation test curve is then used. Addition of settlements in the undrained 

and consolidation state often leads to an overestimate of the total settlement, and empirical corrections 

may be applied. 

G.2.5 Time-settlement behavior 

With cohesive soils the rate of consolidation settlement before the end of the primary consolidation may 

be estimated approximately using consolidation parameters obtained from a compression test. 

However, the rate of consolidation settlement should preferably be obtained using permeability values 

obtained from in-situ tests. 
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Annex H 

(Reference) 

Density indices 

 

 

H.1 Examples of correlations between blow counts and density indices 

1) Examples of correlations of blow counts and density indices are given below. 

2) The relationship between the blow count (N60), density index ID = (emax – e)/(emax – emin) and the 

effective total (initial) stress σ'v;0 (kPa ×10-2) in a given sand can be represented by the expression: 

N60 / I2D = a + b x σ'v0 (H.1) 

The parameters a and b in normally consolidated sands are nearly constant for 0,35 < ID < 0,85 and 

0,5 < σ'v 0' < 2,5, in kPa × 10-2. (see Skempton 1986, Table 8) 

3) For normally consolidated natural sand deposits, the correlation shown in Table H.1 has been 

established between the normalised blow count (N1)60 and ID. 

Table H.1 - Correlation between the normalised blow count (N1)60 and the density index ID 

 Very loose Loose Medium Dense Very dense 

(N1)60 0÷3 0÷8 8÷25 25÷42 42÷58 

ID 0%÷15% 15%÷35% 35%÷65% 65%÷85% 85%÷100% 

 

4) For fine sands, the N-values should be reduced in the ratio 55:60 and for coarse sands increased 

in the ratio 65: 60. 

5) The resistance of sand to deformation is greater the longer the period of consolidation. This 

"ageing" effect is reflected in higher blow counts, and appears to cause an increase in the parameter a. 

Typical results for normally consolidated fine sands are given in Table H.2.  

Table H.2 - Effect of ageing in normally consolidated fine sands 

 Age years (N1)60/ I2D 

Laboratory tests 10-2 35 

Recent fills 10 40 

Natural deposits >102 55 

6) Over-consolidation increases the coefficient b by the factor: 

 
(H.2) 

Where: 

K0 and K0NC are the in-situ stress ratios between horizontal and vertical effective stresses for the 

over consolidated and normally-consolidated sand respectively. 
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7) All the above mentioned correlations have been established for predominantly silica sands. Their 

use in more crushable and compressible sands, such as calcareous sands or even silica sands 

containing a non-negligible amount of fines, may lead to an underestimation of ID. 
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