
 

 
 

Chapter 2 

 Loads for designing foundations 

It is not simple to set up general rules for all the loads for designing 

foundation , the difficulty to set up  general rules for the loads of the 

considered for  designing foundation is due to the differences in local 

conditions such as earthquake , winds , ice pressure etc. ., and the special 

characteristics of structure such as a different type and system of 

buildings, bridges , dams etc. .. However , the designer who deals with 

the study and the design of foundation must be familiar to the loads that 

may act upon the foundation either transmitted by the superstructure or 

applied directly on the footing .  If the engineer has enough knowledge 

about all the forces that may act upon the footing at least once during the 

service life of a certain structure , then he may reach a decision about the 

forces which have to be taken into consideration in the design , and the 

forces which might be neglected without making a considerable error in 

calculation . It is the general understanding that on able engineer is a 

person who selects major forces and factors , and eliminates minor ones. 

Because the forces may act upon the foundations in groups of various 

combinations , the engineer has to study the most possible combination 

of forces. 

In general the loads and forces that may act upon foundation directly 

or by the superstructures are going to be discussed below. 

1. DEAD LOAD : Dead loads are in general the most important 

loads in foundation design particularly for the structures whose footings 

rest on soft cohesive soils. Dead loads being permanent forces action 

upon the structures may cause considerable settlements or dangerous 

shear failures. Dead loads is the weight of the structure and its 

permanent parts. The weight of the foundation itself and the weight of 

the soil on the footing are also dead loads. In estimating dead loads for 

purposes of foundation design the actual weights of construction 

materials must be used . Many local building codes include ( for 

example , institute of Turkish standards , TS 498, 1967) the weight of 

different materials in the structure . If the complete list of the weight of 



 

 
 

various materials is not available , the engineer must either estimate the 

weight of material or measure it directly . 

In making a preliminary estimate of the dead loads on the foundation 

of the certain structure , the commonly accepted practice is to use 

approximate weight per unit area of the roof . Floors and walls . The 

approximate unit weight of such elements of a building may be obtained 

from the local codes or handbooks . It is also common practice to make 

reasonable assumptions as to the distribution of weight to the various 

parts of the foundation .If the weights are not uniformly distributed , care 

must be taken in the evaluation of the distribution of foundation loads . 

For the final design , the actual weight of various part of the structure 

and the distribution of loads must be evaluated considering the nature of 

building frame and the system of any other structures . 

2. Live LOAD : the weight of the structure may be assumed as live 

loads if they act temporarily or intermittently during service life , For 

example , human occupancy , some partition walls , furniture , some 

stock material and mechanical equipment in residential and office 

buildings are live loads , Wind and snow loads are not considered as live 

load and they will be studied separately within their specific paragraphs . 

The weights of cars, trucks and pedestrians are major live loads that 

must be included in the design of bridge foundation. In some special 

industrial buildings some truck load will also be considered as live load 

on the same floors. Cranes in industrial buildings may also cause very 

large live loads. 

In general ( with exception of some industrial buildings, silos, oil 

tanks etc. ..), live loads act for a short time during the service life of 

structure or they act intermittently or alternately. If a multistory office 

building is considered, for example, it is not expected that every floor 

will be loaded with the maximum live load at the same time. It is 

observed that maximum live loads practically do not occur 

simultaneously on all floors of tall residential or office buildings. Taking 

into consideration these facts , then commonly accepted assumption of 

reduced live loads in the design of foundations is very reasonable 



 

 
 

practice. According to the institute of Turkish Standards ( TS 498 ) the 

following recommendations are to be used in reduction of live loads : 

100% of live load on top floor or n th floor  

90% for ( n - 1 ) th floor  

80% for ( n - 2 ) th floor  

70% for ( n - 3 ) th floor  

60% for ( n - 4 ) th floor  

50% for ( n - 5 ) th floor   

50% for ( n - 16 ) th floor  

50% for ( n - 16 ) th floor  

No reduction is allowed more than 50% in any floor. Of course floor 

slabs and beams will be designed for maximum live load. The above 

given be similar rules may be applied to the most multistory building 

except some unusual buildings and structures. 

Live loads acting upon some special structures may also be 

considered as permanent load because of the continuity of their 

application. As far as foundation design is concerned then these types of 

live loads are to be treated as dead loads because they are permanent. 

For example some warehouses are used for the long-time storage of 

heavy materials on all floors. Also most of the grain, cement and coal 

silos are loaded nearly full capacity during the entire service life and the 

weights of these stored materials should be assumed as permanent load 

in the study of settlements and bearing capacity.  

3. IMPACT :   It is widely accepted practice not to add the impact 

effect to the foundation loads if they are not transmitted directly to the 

foundation . It is assumed that in most cases the impact will be absorbed 

by the inertia of the structure when it reaches the foundation . It is  

unnecessary , for example , to take into consideration the impact effect 

of moving cars in the design of the foundation of massive bridge piers or 

abutments. On the other hand, the impact effect to the machinery 



 

 
 

foundation cannot be neglected, particularly heavy machines on concrete 

pedestals resting on soil directly. Each manufacturer of machines and 

vibrating in the foundation design if necessary. The following table 

may give a very rough idea about the impact effect of some units. 

Table : 2.1 Live Load Increments Due to Impact. 

( From American Civil Engineering Practice – Robert W. Abbett, Vol.I ) 

Unit producing impact  Increments in live        

loads 

1. Light motor-driven machinery 20% 

2. Cranes 25% 

3. Reciprocating machinery and power                                                         

units 

50% 

4. Elevators and their supporting units 100% 

5. Rock crushers, cement mills  300% 

 

( Note : Impact is the dynamic effect of the acting live load. The live   

loads should be increased by given values in the table. ) 

In AASHO (American Association of state highway officials , 

Standard Specifications for Highway Bridges ) it is recommended that 

impact shall not be applied to foundations of bridges . On the other hand 

, theoretical live load reaction should include some allowance for impact 

for foundations of  short railroad bridges ( for spans of 60 meters or less) 

4. SNOW LOAD : Snow load should be considered in countries 

where winters are severe and long . The snow load that is going to be 

included in the design is given in local codes . 

In Turkey snow load is given in TS 498 and it depends to the altitude 

above sea level and the slope of the roof . In zones where altitude is Less 

than 1000 meters , snow load is given as  

                                                  Ps = 75 kg / m
2
     

On horizontal roofs .  If the altitude is more than 1000 meters than 

snow load will be taken as   



 

 
 

                                                  Ps = 75 + (H – 1000 ) Х 0.08  

Where H is the altitude in meters . 

5. WIND LOAD :  Wind load acts on all exposed surface structures 

.  The magnitude of the design wind pressure is given in local codes . 

The wind loads may be neglected in designing the foundation unless 

caused loads on foundations exceeding one – third of the load due to 

dead and live loads combined . In other words wind load must be 

included in the foundation design if ,  

                                            qW  >  
 

 
  ( qD + qL ) 

 where in qW , qD and qL are foundation pressure due to wind load , 

dead load and live load respectively . However the above comment 

given is not a definite suggestion and it will be judged by the designer  . 

This problem also depends upon the frequency of high winds in the 

locality under consideration . 

Full wind loads should be absolutely considered in the design of the 

foundations of unusually tall and narrow buildings , smokestacks and 

other tall structures . It should be remembered that the foundations of the 

unusually tall structures may be even subjected to uplift when the wind 

loads act on them . 

According to ( TS 498 ) wind load may be expressed by the 

following equation   

                                                 P = C  
  

  
  = Cq  

 

Where in  P = wind load  ( kg/m
2
 )       

                   V = wind velocity  ( w/sec )       

                   C = shape factor . 

In Turkey minimum values depending to the height of the structure 

is given below  

H ( meter )               0 – 10     10 – 20     20 – 50         > 50 



 

 
 

q ( kg/ m
2
 )                  80            90             110             150 

In localities where atmospheric conditions are not certain , then 

values must be calculated according to the observed wind velocities . q 

values will not be taken more than 150 kg/ m
2
    ( for various values of 

shape factor , refer TS 498 ) . 

In the specification of the American Standards Association , wind 

loads are given for various heights of the structures  ( up to 360 meters  ) 

and four different locations . According to ASA , wind pressure may 

vary between 100 and 500 kg/ m
2
 . In this specification shape factor for 

the chimney and solid towers are given as  

Horizontal Cross Section                                                     Shape 

Factor  

Square or Rectangular                                                                1.00 

 Hexagonal or Octagonal                                                            0.80 

Round or Elliptical                                                                        0.60 

It is very important to note here that according to ASA no allowance 

shall be made for the shielding effect of other buildings and structures . 

According to ASA specifications the overturning moment due wind 

load shall not exceed 2/3 of the resisting moment due to dead load only , 

unless the structure is anchored to resist the excess overturning moment 

( Minimum factor of safety required is 1.5 ) . 

6. EARTHQUAKE  FORCE :    Earthquake force must be included 

in foundation design in countries where seismic shocks are probable .   

Earthquake motion results in lateral forces that may act on the structure 

in any horizontal direction , and all structures built in the earthquake 

zones must be designed to resist these lateral forces .  The evaluation of 

the earthquake forces is difficult and it requires long time observation in 

the regions concerned .  

An earthquake  is a physical phenomenon characterized by the 

shaking of the ground and engineer is interested to know the character 



 

 
 

and the magnitude of the forces developed during an earthquake . The 

knowledge of seismology that is a relatively new branch of science may 

furnish some data . 

During an earthquake a structure is subjected to a forced vibration 

imposed upon it by the movements of  its foundation  . The inertia of the 

structure tends to resist the movements of the foundation .  Therefore at 

the foundation there will be a shearing force ( base shear ) during the 

period of the earthquake.   This force is equal to :                                    

                                                    F = W  
 

 
 

Where       F = Earthquake Force ( base shear ) 

                  W = Weight of structure  

                  a = Earthquake acceleration  

                  g = Acceleration of gravity 

                   
 

 
 = Seismic  factor 

Let us consider a very rigid structure such as a solid bridge pier .     

During earthquake a lateral force , F , will act horizontally at the center 

of gravity of pier , and an equal shear in the opposite direction of the 

foundation  ( Figure 2.1 ) 

Figure 2.1 Rigid Structure during Earthquake 

 



 

 
 

If the resultant force at the base is within middle third , the structure 

is safe and stable . If the resultant during an earthquake is outside of the 

middle third of the base , the structure may be safe or not ( it depends on 

the soil on which the pier rests ) . If the lateral force due to earthquake is 

large and the resultant force intersects the base near to the edge , then the 

structure is not safe due to a lack of stability and excessive concentration 

of contact pressure at the base . 

The movements of a foundation during an earthquake are continually 

reversing and changing . Therefore , the forces on a structure are also 

continually reversing and changing . If we consider a flexible system ( 

relatively large mass on very slender columns ) as shown in fig. 2.2 , we 

may expect that such a flexible system will have almost no response to 

an earthquake of short periods of vibrations and small amplitudes . 

 

 

Figure 2.2  Flexible Structure During Earthquake 

 

The shear force can not be determined by the weight of the system 

times the seismic factor a/g . The shear force on each leg will be equal to 

the shear induced by a deflection equal to the earthquake amplitude . 



 

 
 

In Turkey , the lateral earthquake forces evaluation is given in the 

code called ( T.C. Imar ve Iskan  Bakanligi , Afet  Bolgelerinde 

yapilacak yapilar hakkinda YONETMELIK , 1975 ) . The lateral 

earthquake forces calculated by this code (Specification for Structures to 

be built in the Disaster Areas , Ministry of Reconstruction and 

Resettlement , 1975) are the minimum loads acting on the whole of the 

structure. These Lateral forces due to earthquake may act along the 

principal axes of the building in each direction , but simultaneously in 

both directions . Where the structure has an irregular load bearing 

system or the clear height of the structure above the base level exceeds 

75 m, such structures shall be designed against earthquakes using 

appropriate and rigorous dynamic analysis . All reinforced concrete or 

steel frame structures with regular load bearing systems not higher than 

75 m above foundation base , all masonry buildings, chimneys, towers 

and elevated tanks may be designed using the lateral loads stipulated in 

this section in the absence of a rigorous dynamic analysis . In the 

calculation of lateral loads acting on structures in accordance with the 

principles of this specification four separate soil groups are defined and 

the characteristics of each group listed in table 2.2 

The total lateral equivalent statical load to be used in the seismic 

design of building is given by : 

F=CW 

Where:           W =∑   
                Wi =total weight of buildi 

C=CoKSI =seismic coefficient  

In which  

Wi= weight of "i" th floor 

Co= seismic zone coefficient 

K= coefficient related to structural type 

S= dynamic coefficient for the structure (spectral coefficient ) 

I=building importance coefficient 



 

 
 

Table 2.2 Soil Classification to be used in the determination of the 

predominant period of vibration  

Soil 

Class 
Identification 

Nsp  

Number of 

blows 

standard 

penetration 

test 

Dr 

Relative 

Compactio

n % 

Qu 

 Unconfined 

Compressive 

Strength Kg/cm
2
 

Vs  

Shear Wave 

Velocity 

m/sec 

I 

a) Massive volcanic 

rocks and deep 

bedrock, 

undecomposed sound 

metamorphic rocks, 

very stiff cemented 

sedimentary rocks 

    

b) Very dense sand >50 85-100 - >700 

c) Very stiff clay >32 - >1.0  

II 

a) Loose magmatic 

rocks such as tuff or 

agglomerate 

decomposed 

sedimentary rocks with 

planes of discontinuity 

    

b) Dense sand 30-50 65-85 - 400-700 

c) Stiff clay 16-32  2.0-4.0  

III 

a) Decomposed 

metamorphic rocks and 

soft , cemented 

sedimentary rocks with 

planes of discontinuity 

    

b) Medium dense sand 10-30 35-64  200-400 

c) Medium stiff clay, 

silty clay 
8-16  1.0-2.0  

IV 

a) Soft and deep 

alluvial layers with a 

high water table , 

marshland or ground 

recovered from sea of 

mud-fill, all fill layers 

    

b) Loose sand 0-10 ≤35  <200 

c) Soft clay , silty clay 0-8  ≤1.0  

  

 

 

 



 

 
 

The seismic zone coefficient , Co, is given below , in below , in table 2.3 

Table 2.3 Values of seismic zone coefficient  

Seismic Zone Co 

1 0.10 

2 0.08 

3 0.06 

4 0.03 

 

(Turkey is divided in four earthquake zones which are shown in the 

earthquake Zoning Map of Turkey prepared by the Ministry of 

Resettlement .Ankara,for example , is in fourth seismic zone). The 

seismic coefficient , C, shall in no case be taken less than Co/2. 

The structural coefficient , K, has a value as low as 0.60 and as high 

as 3.00 depending on the type of the structure. K=2.00 values for 

structures other than building , towers and chimney stacks and K=3.00 

value for elevated tanks not supported by a building are given in the 

code . The other value of K depending on the structure type are listed in 

Table 13.3 of the Turkish Earthquake Code 1975. 

The dynamic coefficient for the structure ( spectral coefficient) shall 

be calculated by:       
 

          
 

Where 

T=Natural period of the structure in the first mode (s) 

To=Predominant period of underlying soil (s) 

The value of S calculated by Eq (2.4) shall not be taken larger than 

1.0.In all one or two storey buildings the value of S shall be taken as 1.0 

and the structural coefficient K shall not be less than 1.0.In masonry 

buildings S shall be taken as 1.0 

Unless calculated by experimental or theoretical methods , based on 

valid assumptions , the Value of T, the natural period of the structure , 

shall be calculated by both of the following approximate relations : 



 

 
 

  
     

√ 
                                                   (2.5a) 

T= (0.07~0.10) N                  (2.5b) 

And the less favorable value of T shall be used in eq (2.4) 

H=Height  of structure above base level (m) 

D=Dimension of building in a direction parallel to the applied lateral 

forces (m) 

N=Number of storeys above foundation level 

Eqs(2.5a)and (2.5b) shall not apply to : industrial structures with 

large spans ,cinemas ,sport halls and stadiums ,etc .,buildings with 

regular bearing system but with a height more than 35.0m above 

foundation  

Level , chimney stacks , towers, elevated tanks. The natural periods 

of such structures shall be calculated through a rigorous dynamic 

analysis where the properties of the soil and the structure (soil –structure 

interaction) are taken into consideration. 

Unless determined by experimental ,empirical or theoretical 

principals based on valid assumptions and geological observations ,the 

value of To may be selected from Table2.4 

Soil Class Predominant 

period of soil (s) 

Average(s) 

1 a  

b  

c 

0.20  

0.25  

0.30 

 

0.25 

2 a  

b  

c 

0.35  

0.40  

0.50 

 

0.42 

3 a  

b                                  

c 

0.55  

0.60  

0.65 

 

0.60 

4 a  

b  

c 

0.70  

0.80  

0.90 

 

0.80 

  



 

 
 

These values are valid only for the case where the top layer of soil 

directly above the bed –rock or other formations with similar 

characteristics  

Has a thickness of the order of 50.0m. Where the thickness of the top 

layer of soil is greatly different than 50m, the values of the shear-wave 

Velocity, Vs (m/s) and the thickness of the top layer , HZ (m) shall be 

determined more accurately by experimental , empirical or theoretical 

methods. In this case , the value of To shall be calculated by the equation 

of  

To 
   

  
  

Where the values of Vs cannot be determined accurately for use in 

the formula given , the values of Vs given in Table 2.2may be used. 

Where the underlying soil consists of a number of layers with 

different values of Vs, a separate value of  To shall be calculated for each 

and every layer.Soils that have a Vs value larger than 700m/s shall be 

assumed to be very sound and layers below the depth where this value is 

exceeded shall not be taken into consideration. 

The structure importance coefficient I is given in the following table: 

Structure Importance Coefficient 

Structure Type I 

a) Structures and buildings to be used during or immediately 

after an earthquake (post office , fire stations , broadcasting 

buildings, power stations, hospitals , stations and terminals, 

refineries, etc.) 

 

1.50 

b) Buildings housing valuable and important items (museums, 

etc.) 

1.50 

c) Buildings and structures of high occupancy (schools, 

stadiums, theatres, cinemas, concrete halls, religious temples, 

etc.) 

1.50 

d) Buildings and structures of low occupancy (private 

dwellings , hotels office buildings , restaurants , industrial 

structures , etc.) 

 

1.00 



 

 
 

 

The total weight of the structure , W, to be used in the calculation of 

the total lateral load shall be calculated byEq(2.2) in which Wi ,weight of 

"I"th floor .is given by: 

Wi=Gi+nPi 

Where , Gi=total dead load on "i" th floor 

Pi=total live load on "i" th floor 

The values of n, the live load factor , are given in the following table: 

Live Load Factor 

Type of Strucure n 

Warehouses, etc. 0.80 

Schools, student housing buildings, stadiums, cinema, 

theatres, concert halls , garages, restaurants, commercial 

establishments , etc. 

 

0.60 

Private dwellings , hotels, hospitals, office buildings, etc. 0.30 

 

Fi       
    

∑    
   

In which 

F=Total lateral load (base shear) 

Wi=weight of "i" the floor 

hi=Elevation of "i" th floor above foundation level  

Ft=Concentrated lateral load acting at the top of the structure 

The values of Ft shall be calculated as follows: 

Ft=0.004F(H/D)
2
 

The value Ft shall in no case exceed 0.15F. 

Whenever the ratio H/D is equal to or smaller than 3, then Ft may be 

assumed as zero. 



 

 
 

For tall structures such as towers , chimney stacks , the total height 

of the structures may be subdivided into a sufficient number of portions 

whereby Eq (2.6) becomes applicable. 

For elevated tanks, the value of C as calculated by Eq. (2.3) shall not 

be less than 0.12 nor greater than 0.25 , and the total lateral load shall be 

assumed to act as a single load at the center of gravity of the tank. 

In the a seismic design of sections the allowable stresses for concrete 

and steel may be increased by not more than 33% .Whenever the effects 

of earthquake are considered, the  allowable bearing pressures for sub 

soils may be increased by not more than 33% in soils of class II and III . 

No much increase shall  be permitted for class IV soils. Where the top 

layer of soil is of class II, III or IV soil, possible settlements and/or 

differential settlements due to seismic vibrations should be determined 

in addition to those settlements due to static loads, so  as to be 

incorporated into the calculations. 

6a. Some General Rules on the Structures to be Bulit in 

Earthquake Zones. 

In general, the plan of a structure should be symmetrical, if possible, 

in severe earthquake zones. Deep foundations have a great advantage. 

High soil pressures should be avoided. Whether the structures should be 

designed too rigid or too flexible is a difficult question to be answered 

and still there are different opinions on that matter. Foundations shall be 

designed and constructed in accordance with the principles of soil 

mechanics pertinent to their subsoil and in a such a way so as to prevent 

damage to the superstructure due to total or differential settlements. 

In structures supported on piles, such foundations shall be suitability 

tied in both directions whenever possible. In the case of continuous 

footings foundation ties shall be provided, in a direction perpendicular to 

the footing axis. 

6b. Earth Pressure During Earthquake: 

     During an earthquake, lateral earth pressures acting upon 

retaining structures temporarily increase. Earth pressure on retaining 



 

 
 

walls during an earthquake were investigated experimentally by 

Mononbe and Matsuo (Japan) and Jacobsen (USA), and results were 

published (U.S Teenessee Valley Authority Technical Report 13, 1951). 

For designing relatively shallow retaining walls, the lateral earth 

pressure may be increased about 10 percent. High retaining walls may be 

analyzed during earthquake assuming that the weight of the Coulomb 

wedge and the earthquake accelerations in either positive or negative 

direction produce the total combined force. The results are conveniently 

given in the form of graphs to be used in design (See Foundation Design 

by Teng, page 92) The dynamic force due to an earthquake, centers at 

about two-thirds of the height of the backfill above the base. In other 

words it may be assumed that the earthquake force varies linearly from 

zero at the base to a maximum at the top of the backfill. The retaining 

wall is also subjected to an acceleration during the earthquake and these 

two forces (acceleration of the sliding wedge and that of the wall) may 

act simultaneously. 

According to the Turkish Specifications for structures to be Built in 

Disaster Areas (1975), the angle of shear strength shall be decreased by: 

6 in 1 st and 2 nd degree earthquake zones 

4 in 3 rd and 4 th degree earthquake zones 

In the calculation of earth pressure acting on retaining walls and 

sheet-pile walls. 

6c. Earthquake Forces on Bridges: 

 The type of foundation soil must be taken into consideration in the 

evaluation of the design criteria of bridge piers and abutments. The 

horizontal earthquake forces in alluvial grounds should be taken not less 

than three times those on a rock, because alluvial and soft ground tends 

to magnify the earthquake motion. Short bridges (reinforced concrete or 

steel) having short piers must be designed for the full effect of 

earthquake accelerations applied statically (Rigid Structures). As the 

length of the bridge and the height of piers increase, its response to 

earthquake vibrations diminishes (flexible structure). 



 

 
 

7. EARTH PRESSURE: The parts of the structures below grade, all 

retaining structures and bracing systems are subjected to a lateral earth 

pressure. Earth pressure theories being well known from soil Mechanics 

Courses are not going to be reviewed here, but the influence of the 

lateral strain of the soil on the magnitude of earth pressure is going to be 

touched briefly because of its importance. It is not uncommon to observe 

that there are some cases that the earth pressure calculated on the basis 

of an incompatible condition of strain may cause an error in excess of 

100 percent which is not negligible in design. 

The earth pressure acting upon retaining structures may be evaluated 

by the theory of elasticity (vertical and horizontal stresses within a mass 

of soil, due to surface loads), by the theory of plasticity (Rankine), by 

the wedge theory (Coulomb) or by empirical rules (lateral pressures 

behind anchored sheet pile walls and bracings of open cuts). The 

Rankien's and Coulombs  theories are used to evaluate earth pressure 

acting upon masonry, solid concrete and reinforced concrete cantilever 

retaining walls. When these type retaining walls, designed according to 

the Rankine's or Columb's theories, are prevented to yield enough to 

produce active earth pressure in the backfill, then they may be subjected 

lateral forces much higher than active force. 

     We know from soil Mechanics that a very rigid retaining structure 

will be subjected to the earth pressure at rest when the backfill is 

prevented from lateral strain. If the backfill is permitted a lateral 

expansion large enough to cause a shear failure, the lateral earth pressure 

is at the minimum value (active earth pressure). If the backfill is forced a 

lateral contraction large enough to cause a shear failure, the lateral earth 

is at the maximum value (passive earth pressure). For the expansion or 

the contraction of the backfill, the retaining structure has to yield from 

the original position (to move away from backfill or to move backward 

toward backfill). Otherwise an active earth pressure (minimum), a 

passive earth pressure (maximum) cannot be developed. The amount of 

movement of a retaining wall required to produce active earth pressure 

in the backfill is rather small, and it is known from practice that most of 

retaining structures (except those resting on a rock, some bridge 



 

 
 

abutments, basement walls) can tilt enough to reduce backfill pressures 

to a minimum or active pressures. 

     Therefore it is unavoidable in civil engineering problems to 

determine the type and the magnitude of the yield of retaining structures 

before design criteria has been set up. Active earth pressure, then may be 

used for design of ordinary retaining walls which are not prevented from 

sliding or tilting an amount equal to or greater than the minimum yield 

(Fig. 2.4 a). If a retaining structure is prevented from lateral movement 

at the top, but is allowed a considerable yield near the bottom, the lateral 

earth pressure is not triangular anymore (braced open cuts) and it 

reaches a maximum near the top and its maximum value is higher than 

active earth pressure (Fig. 2.4 b) 

 

 



 

 
 

Figure 2.4 Earth Pressure on Retaining Structures 

 

An attention has to be paid to some rigid structures that are not able 

to rotate or slide freely. Whenever a retaining structure is not free to 

slide or rotate, then it should be a considerable mistake to analyze it 

against active earth pressure and the mistake should be on the unsafe 

side. In these particular cases, a lateral earth pressure larger than the 

active earth pressure acting upon unyielding retaining structures could 

be as large as earth pressure at rest. 

The magnitude of the earth pressure at rest depends upon the 

physical properties and the type of deposits of soils. Although it is 

difficult to calculate the earth pressure at rest, the following coefficients 

of earth pressure at rest may be recommended to be considered in the 

design (EM 1110 -2 – 2502, Manuals –Corp of Engineers, Retaining 

Walls, 1961'). 

Table : 2.5 

Soil Coefficient of earth 

pressure at rest (Ko) 

Loose sand 0.45 

Dense sand 0.55 

Silt 0.60 

Clay 0.70 to 1.00 



 

 
 

There are considerable amount of theoretical and experimental 

atudies or evaluating Ko values ( Rowe, P.W., A Stress-Strain Theory for 

cohesionless Soil with application to Earth Pressure at rest and Moving 

Walls, Geotechnique, 1954). According to the result of the experiments 

made on sands, the acting upon a retaining wall is equal to active earth 

pressure if the wall can move laterally away for the soil an amount equal 

to 0.0005 H where H is height of the wall. If the wall rotates about 

bottom, the pressure distribution is triangular and resultant earth pressure 

is at (1/3 H) above base. If the wall move laterally an arching effect 

occurs which produces alateral load of about the same magnitude as 

active pressure case, but having other than the triangular distribution so 

that the resultant is at a higher point (arching-active condition). 

If the movement of the wall due to rotation, member deflection, or 

foundation yielding will not reach or exceed the above given values, the 

earth pressure at rest pressure shoud be used. The following general 

criterias are applicable to usual specific design (EM 1110-2-2502) : 

A. Structures to be designed on the basis of active earth pressure 

loads : 

a) Cantilever or gravity walls on earth foundations 

b) Cantilever wall on vertical end-bearing piles    

 

B. Structures which may be subject to loads greater than active 

pressure : 

a) Cantilever wall on rock should be designed for active pressure 

when the wall is relatively thin so that the average yield of the face 

of the wall (wall deflection plus foundation deformation) is 

sufficient to produce the arching-active condition; otherwise use 

the at rest pressure. 

b) Any wall on a friction pile foundation should be designed for 

active pressure if the yield of the wall is sufficient; otherwise use 

at rest pressure. 

 



 

 
 

C. Structures to be designed using at rest pressure : 

a) Gravity wall on rock foundation (except rock with low elastic 

dulus) 

b) Gravity wall on a batter and A vertical end-bearing pile system. 

Another specification (the specifications for Design of Retaining Walls, 

American Railway Engineering Association, Proceedinga, V.54, 1953) 

gives the following recommendations : 

All retaining walls and bridge abutments resting on rocks and bridge 

abutments in which lateral movement at their top is prevented (rigid 

frame bridge), should be designed using an earth pressure equal to 1.25 

times of active pressure. 

The consideration of the yielding conditions of high walls or abutments 

has many applications in civil engineering practice as illustrated in the 

following examples. It was required to design a bridge abutment and a 

long retaining wall, both having a height of 10 meters and identical 

subsoil and backfill conditions (Fig. 2.5). Although the abutment and the 

retaining wall were going to support the same backfill of a selected 

granular material, the lateral earth pressures in the design were taken 

differently (ORDEMIR and REYNOLDS, Fall River Expressway 

Report, Boston, Massachusetts, 1959) because of the differences in 

yielding conditions of thick abutment and thin retaining wall.  

 

Figure 2.5 Lateral Earth Pressure behind Retaining Structures. 

 



 

 
 

The south anchorage of the suspension bridge built on the Tagus 

River, Lisbon is an unusually deep structure buried in the soil (fig. 2.6) 

and its vertical side walls support a backfill that is 31 meters deep below 

roadway elevation (Ordmir, South Anchorage of Tagus River Bridge, 

1962). After careful studies made about the yielding conditions of the 

2.0 meters thick reinforced concrete wall it had been decided to increase 

active earth pressure about 25 percent. 

It has also experienced that the reinforced concrete basement walls 

of buildings having two or more basement floors, should be designed for 

a lateral active earth pressure increased about 25 percent, because the 

deflections of the relatively thick basement walls are not large enough to 

reduce lateral earth pressure to active earth pressure values (Fig. 2.7). 

The abutment of single span rigid frame type reinforced concrete 

bridges are also subjected backfill pressure which are much bigger than 

active earth pressure, particularly when abutments rest on rock. Thus 

abutment is prevented any lateral displacement at top and bottom. And 

very small deflection of the stem is not enough to reduce backfill 

pressure to a minimum value of active earth pressure. 

 

Figure 2.6 Transverse Cross-Section of South Anchorage of Tagus River Suspension 

Bridge, Lisbon (Steinman Cons. Inc., 1962). 

 

Figure 2.7 Earth pressure on Basement Walls 



 

 
 

It is recommended that the earth retaining structures of all kind 

should be designed to withstand an increased active earth pressure (or 

earth pressure at rest in some cases) if the rotaion, deflection or 

movement of the structure are negligible small and a lateral pressure 

larger than active one is a possibility. 

Finally, it will be pointed out that the effect of over-compaction 

cannot be neglected. It is known that the backfill behind retaining 

structures is usually built by compacting in layers. It should be 

remembered, however, that the overcompaction may considerable 

increase lateral earth pressure, particularly compaction made by heavy 

equipment.  Avoid this harmful situation it is good practice to use only 

light weight compaction equipment near  retaining structure. According 

to Sowers, experiments indicated that against a rigid wall the lateral 

earth pressure due to an over compacted fill may be several times that 

due to A loose backfill. For that reason heavy equipment should not be 

used within the expected sliding wedge. 

8. WAVE PRESSURE : Sea walls, breakwaters, bridge piers built 

in the sea and all water front structures are subjected lateral wave 

pressure. Wave action against  the large bridge pier may not be very 

serious, but, it may be very troublesome upon cofferdams and caissons 

during the construction of those piers because of their large area and 

light weight. The wave pressure against some structures should be taken 

into consideration in the design where the pressure due to wave action is 

considerable. 

Waves are in general generated by wind. It is difficult to evaluate the 

real magnitude of the wave striking a large rigid body. However, there 

are some theories to calculate wave pressure against a continuous 

vertical surface as well as many experimental studies and observations. 

The surface cross section of train of waves generated by the wind has 

the form a trochoid as shown in (Fig. 2.8). The velocity, length and 

period of deep-water waves are given by the following interrelated 

equations : 
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Figure 2.8 Cross section of a wave 

Where : 

v = Velocity of propagation of wave 

L = wave length 

T = wave period 

g = acceleration of grafity 

a) Height of wave :  

No exsact analytical method is available for determination of the 

height of wave. There are many factors in fluencing it. 

According to actual measurements the heights of waves in open seas are:  

North  sea      3.5  -4.5 m. 

Mediterranean     4.5  -  6.0  m. 

Black sea      6.0   -  9.0  m. 



 

 
 

Atlantic ocean     9.0  -   12.0m. 

Pacific ocean      15.0   -   18.0 m. 

Empirical formulas proposed  by Stevens  in estimating  the height  of  the wave 

are: 

h = 1.5 √                (F > 30 MILES )                             (2.10) 

h = 1.5√  + 2.5 -  √ 
 

      (F < 30 miles)                        (2.11) 

Where: 

h = height of wave (ft) 

F = fetch  (nautical  mile). 

In  the open sea the fetch is the distance  over  which  the  wind  acts   

continuously  in one direction. 

The relations  between  the fetch, wind velocity  and wind  duration are given 

in   some charts (Svedrup and Munk.). 

 b) The ratio of length of  wave to height:   The ratio (L/h) depends  on 

velocity of wind, depth  of water, duration of  the storm, and other factors. 

According to Gaillard  that  ratio is usually  between the following limits: 

 For inland  lakes in relatively  shallow depth  L/h =9 to 15 

For ocean waves L/h =17 to  38. 

(More violent storm is represented  by the smaller  ratio). 

 c) Velocities  of waves propagation  and wave particles: 

According  to Molitor  deep –water  velocities are : 

V = 2.26 √   (Velocity of wave propagation ) ft /sec .                          (2.12). 

V0 = 7.11h/√   (Velocity of wave propagation ) ft /sec.                      (2.13). 

The depth of water d0, measured  from the centerline of the surface orbits 

can be  calculated  by the following  equation: 



 

 
 

Shallow water  d0 = d + 
   

 
    (ft)                                          (2.14) 

Deep water    d0 = d + 
      

 
    (ft) 

 Where  d is the depth of the water in feet   below  undisturbed  water   level. 

 d) Height   of wave   crest    above  still  water  level: 

For shallow  water       a = 
 

 
 

   

 
   (ft)                                                          

(2.15) 

For deep water             a = 
 

 
 

      

 
   (ft) 

 e) Wave pressure  

According  to Gaillard –Molitor, the maximum  wave   pressure  intensity 

against   a vertical  surface  is 

  (wave striking  normaly)          : 

P max  = 
   

  
  + (v+v0) 

2
                                                        (2.16) 

Where   k  is an empirical  coefficient   and equal  to : 

1.3  for   30 mph    wind  

1.7  for 70 mph wind    

1.8 for ocean storm   

     = unit   weight  of   fresh  or   sea  water 

 

According   to   Moliter, point   of application  of  Pmax   above still water  is :  

h1 = 0.12 h                                              (2.17) 

When  a train  of waves is reflected by  a vertical  surface , an undulatory 

movement takes  place  with  its crest raised considerably  above  the crest of 



 

 
 

originating web . The height above still water of the raised crest ho is given by 

Gaillard as 

ho = 2  a                           (2.18) 

Variation of wave pressure on a vertical wall is as shown in Fig. 2.9 

 

 

Figure 2.9 Wave Pressure Distribution on a vertical wall (Gaillard & Molitor) 

 

Zero pressure at the top (point A ) and bottom (point D) , and , 

maximum pressure at an elevation h1 above still water (point B) , and 

straight-line vibration between A and B , and a slightly curved line 

between B and D will form wave pressure diagram . At midheight 

between B and D wave pressure is P = 0.7 p max  ( point C ). 

It may also be assumed that there are a straight line vibration 

between B and C , C and D , and pressure at point C is equal to  P = 0.72 

p max . 

9. WATER PRESSURE AND BUOYANCY : Water pressure may 

act laterally against basement walls and vertically against base slabs. 



 

 
 

Lateral water pressure on all structures should be considered when they 

are submerged. A retaining wall, basement wall, sheet piling wall or 

cofferdam should be designed against hydrostatic water pressure . But 

considering the structures of a building as a whole, the hydrostatic lateral 

pressure is balanced. On the other hand the hydrostatic uplift or 

buoyancy force must be counteracted by the dead load of the structure. If 

the dead load is not sufficient at any time during the construction period 

to overcome the buoyancy, either the basement should be flooded or the 

ground water table be lowered until the dead load exceeds the total uplift 

force. A safety factor against uplift: 

      
                      

                  
 

Slightly higher than unity is enough. In case of a mat foundation 

forming a box with the basement walls such as in Fig. 2.10, during the 

construction period the dead load D must be larger than total uplift force 

B. The total uplift force is equal to the volume of the displacement 

water. If B > D at any time during construction the mat is danger. 

 

Figure 2.10 Buoyant Force on Deep Structures 

In bridge pier construction in dry in a cofferdam, the buoyancy force 

should also be considered. In general, the construction may follow the 

stage shown in Fig 2.11. The thickness of the tremie concrete must be 

large enough to overcome the uplift force, in other wards : 
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Figure 2.11 Buoyant Force on Tremie Concrete 

 

10. STEAM FIOW PRESSURE: All bridge piers and other 

structures which are subjected to the force of flowing water shall be 

designed to resist the stream flow pressure. 

The stream flow pressure on piers may be calculated by the 

following formula (AASHO): 

P = K * V
2 

Where: 

P = stream flow pressure ( Ib per sq.ft) 

V = velocity of water ( ft/sec ) 

K = is constant may be taken to : 

K       = 1 
 

 
 for square ends 

          = 
 

 
 for angle ends where the angle is 30

o 
or less 

          = 
 

 
 for circular piers   

It will be also noted that the undermining of bridge piers by the 

scouring action of the flowing water is one of the serious dangers. All 



 

 
 

piers have to be guarded against occur when a designer plans such 

foundations. It is generally difficult to predict the extent of the danger of 

scour and requires very careful study in each situation. The fine 

materials at the bottom of the river may be disturbed to considerable 

depth and moved downstream during a flood and the replaced by new 

deposits. 

We may not think a stream with a bottom of boulders and coarse 

gravel would not be endangered by floods. The transporting power of 

rapidly moving water in large volumes is tremendous. During the flood, 

even boulders and gravel may be distributed to considerable depth. 

Some data regarding the ability of the flowing water to move solid 

particles is given in the some books (Foundation of structure, Dunham, 

page 550). whenever necessary, pile fender or submerged sheet piling 

must be used around the piers to protect them from scour. 

Beach erosion may also be a problem in the design of foundations 

for water front structure. It is hard to predict the depth of erosion that  

will take place during storms. The design criteria should be based on 

long time observation made in the region concerned. 

11. ICE THRUST: In some countries where the winters are long 

and severe, ice thrust must be considered in the design. Substructures are 

subjected to ice thrust where the ground water is above the frost depth. 

Lateral ice thrust is caused by the volume expansion of ice due to change 

in temperature. The magnitude of the ice thrust is very large. Especially 

moving ice causes very large forces against rigid vertical dams (See, 

Duham, Foundation of structure). Ice thrust act on a vertical wall against 

a body of free water is about 45 to 75 tons per linear meter.   

In retaining structures it is a good practice to use coarse granular 

backfill material to prevent ice forming, because, the magnitude of ice 

thrust is generally too excessive to be taken into consideration. 

12. THERMAL FORCES: when a structure expands or contracts as 

a result of temperature fluctuation, the foundation is subjected to a 

lateral thrust  due to lateral thermal expansion or contraction. 



 

 
 

The rise and fall in temperature depend upon the locality in which 

the structure is to be built. As an example to the thermal forces a rigid 

frame reinforced concrete bridge pier may be given as shown in Fig. 

2.12 

 

 

Figure 2.12 Thermal Forces on Rigid Frames 

 

13. SHRINKAGE: shrinkage of concrete is caused by drying and 

chemical action during curing and results shortening in the elements of 

structure similar due to fall of temperature. Shrinkage may cause very 

large lateral thrust on the foundations of the rigid reinforced concrete 

frames where the columns are short and stiff. 

 

 

Figure 2.13 Contraction Due to Shrinkage 

 



 

 
 

14. OTHER LATERAL FORCES: Foundations are also subjected 

to some other lateral forces as indicated below. 

a) Traction or braking forces. 

These forces are due to moving railway, highway traffic and 

cranes. Refer to local design specifications if any or manufacturer's 

codes. 

b) Centrifugal force. 

Lateral force due to moving railway or trucks when a bridge is on a 

curve. 

c) Rib shortening. 

Axial deformation due to compressive stresses particularly in arch 

construction . 

d) Mooring pull. 

Dock structures provided with mooring posts are subjected to a 

mooring pull. 

e) Ship impact. 

This is a force due to a ship collision against a water front structure. 

It is too large to be taken into account in the design. Some types of 

fender systems are constructed to reduce the impact to a minimum. 

Frequently an arbitrary force , such as 25 to 100 tons or more is used in 

the design . 

f) Swelling pressure  

Retaining structures supporting expansive clay may be subject to a 

large swelling pressure when the layer of clay absorbs water. It's difficult 

to determine this force it is more economical to eliminate the possibility 

of swelling pressure a against a retaining structure than to design the 

structure for full swelling pressure. 

The most practical way to reduce or eliminate this force is to use 

granular backfill. Swelling pressure may also be critical for a light 



 

 
 

structure resting on expansive clays. All necessary steps should be for 

eliminating cracks in these light structures (rigid walls, deep, foundation 

, ect….) 

 

15. Probability Of Maximum Loading Combinations : 

All forces discussed previously seem very complicated for design. 

But this not really so . We may not expect that all the forces act upon a 

foundation simultaneously . Some of forces are not applicable to 

particular foundation or they are some of forces are not applicable to 

particular foundation or they are so small comparing other forces that 

they may be neglected and not to be included in design. For example 

wind load is negligible on a very large massive pier .The earthquake 

force , snow load or ice thrust does not exist in some countries . 

All of the permanent and temporary loads introduce the question of 

the probability of the maximum loading combination .Experience and 

good judgment is actually needed in design of a foundation. 

According to Dunham the figures in table 2.6 are believed to be 

suitable for bridge piers for the allowable maximum computed bearing 

pressure on the soil , in terms of the safe allowable bearing value p , 

when the theoretical loading conditions are combined. This typical 

example about the most probable loading conditions for designing 

bridges piers according to Dunham (Dunham foundation structures , 

1962) and many other and different loading conditions may be 

recommended in text books and in local codes. Type of structure and 

types and duration of application of loads will undoubtedly influence the 

designer for the selection of loading     combinations to be used in a 

specific design . 

The swelling pressure of expansive clay should carefully be taken 

into consideration in the design and construction of structures in the 

semi-arid regions, like Ankara and vicinity where expansive soils are in 

abundance . It can be observed in many places in the city of Ankara one 

or two storey building (or lightly loaded building in general ) and long 



 

 
 

masonry walls or retaining walls have some cracks and harmful damages 

caused by expansive clays . 

It is then necessary to take some remedial measures to prevent 

damages due to expansive soils. Foundation of structures can be 

successfully placed on expansive soil provided one or more of the 

following criteria are met (F.h chen_foundation on expansive soils , 

1975) 

1. Sufficient dead load pressure is exerted on the foundation , 

2. The structure is rigid enough so that differential heaving will not 

cause cracking, or 

3. The swelling potential of the foundation soil can be eliminated or 

reduced .  

Among the many problems associated with expansive soil in Ankara 

regions, one is presented blew (1974). At Ankara the new  water supply 

line for the city, consisting of pre-cast reinforced concrete pipe sections 

2.20 m in side diameter and weighing about 2.7 tons per lineal meter 

heaved about 1.30 m in uniformly increasing manner from the restrained 

end to the free end of the construction along a segment of about 40 m. 

The heaving which is also associated with an intricate soil-structure 

interaction occurred within a relatively short period upon  the diversion 

of a small stream crossing the pipeline route. A subsequent survey of the 

site revealed that the soil profile was of Ankara clay within the depth of 

installation. No groundwater was observed to a depth of 15m, however 

the diverted water was found to escape into the excavated trench due to 

improper handling of the diversion operations, which in turn likely 

initiated the excessive heaving. The subsoil profile as observed through 

the open trench was of brownish, highly plastic clay with frequent 

extremely thin horizontal planes of silt and very fine sand . Average 

index proprieties for the particular clay formation are given below :  

    
     

     
   

     

  
   

     

  
   

 



 

 
 

In  addition activity (A   =  
                 

             
   =

  

         
) of the 

formation  was determined  to be  1.8. 

In order to assess the mechanism of swelling special oedometer tests 

(double  oedometer   test) were carried in the laboratory. The soil 

samples  taken from relevant depths  of the clay formation  were first re-

consolidated to their approximately  in- situ effective  overburden  

stresses and then flooded during subsequent unloading. The laboratory 

observed  heave value seem to be somewhat lower than the field 

behavior. It is thought that one to two days waiting   for each loading  -

unloading increment during may not be sufficiently  long to reflect the 

highly time dependent  behavior of  plastic  clays such  as those under 

consideration. 

As a remedy  the heaved  pipe sections were removed and the 

scheme  shown in the  figure below was applied. During the following 18 

months  the vertical  movements of  the particular  section along water 

line have been  observed to be  minimal. 

 

 

2.14 Construction Section For Water Supply Line at kinik Ankara   



 

 
 

Table : 2.6 

Allowable pressure on soils for various combinations of  loading. 

Dead load plus vertical live load  (impact  when necessary) –––––––––  p 

Dead load plus wind ––––––––––––––––––––––––––––––––––––––––  p 

Dead load plus wind plus ice and waves –––––––––––––––––––––  1.5  p 

Dead load plus live load and wind –––––––––––––––––––––––––  1.53 p 

Dead load plus live load  plus horizontal live load ––––––––––––  1.33   p 

Dead load plus live load plus wind load and horizontal live load –  1.5    p 

According to the standard specifications  for highway bridges. 

The American association  of state  highway officials (ASSHO), 

groups shown in  table2. 7, represent various combinations of loads and 

forces to which  a structure  may be subject. Foundation (either on soils 

or piles) 

Shall be proportional for all combinations  of such of  these forces.  

The percentage of the basic unit stresses are indicated for various  

groups. 

TABLE  : 2.7 

Percentage of unit stress (x)        

Group I =D +L+I +B +SF +E     100% 

GROUP II = D +E +B +SF +W    125% 

GROUP III =  Gr.1+LF +  F+ CF +0.3W  +WL  125% 

GROUP IV =  Gr.1+R  +S   +T    125% 

Group V = Gr.2+  R+   S  +T    140% 

Group VI = Gr.2+   R   +S   +T    140% 



 

 
 

Group VII = D+E +B +SF+  EQ    133% 

Group VIII = Gr.1+ICE      140% 

Group IX = Gr.2+ICE      150% 

(X) In design either the allowable unit stresses (safe allowable 

bearing  values  of soils  or allowable pile  loads) should  be increased by 

the amount  of given percentage , or  the forces  , or combination of 

forces should be reduced by the same percentage. 

 

D =Dead load. 

L = live load. 

I  =impact (live load impact) 

E  =earth pressure. 

B  = buoyancy . 

Sf  = stream flow pressure. 

W  = wind on structure (wind load on structure) 

WL = wind on live load (wind force on moving railroad cars, trucks or cars) 

LF   = longitudinal force from live load  

F  = longitudinal force due friction (depends upon the type of 

bearing) or shear resistance. 

CF - centrifugal  force  (for structure on curve). 

R = rib shortening. 

S = shrinkage. 

T  = temperature  

EQ = EARTHUAKE FORCE 



 

 
 

ICE  = ice thrust (or ice pressure)  

Solve the practical problems the safe allowable  bearing value of soil 

(or the safe  allowable bearing value of the pile) should  be selected a  

starting point. 

Then the actual existing soil  pressure or pile  loads should be 

calculated according to the recommended loading  combinations and 

they should be compared with the  allowable values. 

 

 

 


