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Solved Problems in: 

 

Effective Stresses 
 

*01: The concept of effective stress. 
*02: The concept of effective stress with multiple strata. 
*03: Effective and porewater  pressure profiles with depth. 
*04: The effects of hydrostatic uplift upon a thin stratum. 
*05: Effective stress at any point. 
*06: What depth will produce a “ quick”  condition? 
*07: Uplift forces dur ing dewater ing excavations. 
*08: Find an expression for  the cr itical gradient. 
*09: Combined problem with “ quick”  and other  conditions. 
*10: Depth of embedment D for  a sheet-pile cofferdam. 
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Symbols Effective Stresses 
 
Dx �  Diameter  of the grains distr ibuted (represent % finer  by weight).  
e � The voids ratio. 
GS�  Specific gravity of the solids of a soil. 

H�  Maximum depth of excavation or  thickness of a soil layer . 

hsoil�  depth of the soil. 

icritical�  Critical hydraulic gradient. 

kH �  Hor izontal permeability. 

kV �  Vertical permeability. 

u �  pore water  pressure.���� ����
� ’ �  Effective stress. 

� V’ �  Vertical Effective stress. 

���� ’ �  Bouyant unit weight of  a soil. 

���� SAT � Saturated unit weight of a soil���� ����
���� W � Unit weight of water .  

VW �  Volume of water . 
w�  water  content. 



 167

 

*Effective Stress–01: The concept of effective stress. 
(Revision: Aug-08) 
A sample was obtained from point A in the submerged clay layer  shown below. I t 
was determined that it had a w = 54%, and a Gs = 2.78. What is the effective ver tical 
stress at A? 
 

 
 
 
                                  

 
 
 
 
     
 
                                
                      

 
Solution: 
 
The effective stress � ’  at the point A consists solely of the depth of the soil (not the 
water) multiplied by the soil buoyant unit weight. 
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*Effective Stress–02: Effective stress with multiple strata. 
(Revision: Aug-08) 
The City of Houston, Texas has been exper iencing a rapid lower ing of its phreatic 
sur face (draw-downs) dur ing the past 48 years due to large volumes of water  
pumped out of the ground by industr ial users. 

a) What was the effective ver tical stress at a depth of 15 m in 1960? 
b) What is the effective stress at the same depth in 2008? 
c) What happens to the ground sur face as a result of the draw-downs? 
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b)    ( ) [ ]' (20.4)(6) 16.5)(6 (12.6 9.81)(3 30) 2V kPas = + + - =� �� �  

          
This is an 80% increase in stress due solely to a dropping water  table. 
 
c) The ground sur face has also been lowered, due to the decreasing thickness of the 
sand and the silt strata due to their  loss of the volume previously occupied by the 
water . 

WT 1960 

WT  2008 
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*Effective Stress-03: Effective and porewater  profiles with depth. 
(Revision: Aug-08) 
In the soil profile shown below, show a plot of the pore water pressure and the 
effective stress along the r ight margin of the figure with numer ical values at each 
inter face. Pay heed to the capillar ity in the upper  clay (d = 0.001 mm), where S = 
50% in the upper  clay stratum. 
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*Effective Stress–04:  The effects of hydrostatic uplift upon a thin 
stratum. 
(Revision: Aug-08) 
Calculate the maximum theoretical depth of excavation H below, before the 
remaining clay layer  is uplifted by the ver tical seepage pressure. 
 
 
 
 
 
 SATURATED CLAY                          H 
 

            � sat = 121 lb/ft3        30 ft   
     20 ft 

 
 

        A 
 

                                                10 ft            SAND 

                                               � sat = 121 lb/ft3 

 

 

 

 

Solution: 
The maximum depth of excavation H is reached when the effective stress � ’  = 0 (that is, 
the upward seepage force is equal to the downward weight of the soil); mathematically, 
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*Effective Stress-05: Effective stress at any point. 
(Revision: Aug-08) 
I f the saturated unit weight of the soil in this shallow bay bottom is 20 kN/m3, what 
is the effective ver tical stress � ’  at point A? 
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**Effective Stress-07: Uplift forces during dewatering excavations. 
(Revision: Aug-08) 
Consider  the effect of dewater ing a pit (3 m wide by 7 m long) for  a building’s 
elevator  shaft, as shown in the figure below. What is the Factor  of Safety against 
failure of the remaining limestone layer  of being sheared upward by the hydrostatic 
uplifting force? Assume the ultimate shear  strength of the limestone is 400 kPa. 
 
Initial conditions:                                                                        outline of the future 
excavation 
 
            
1.5 m           sand                     �  = 18.8 
kN/m3 
            
 

   porous limestone  �  = 20.0 
kN/m3 

4.3 m 
 
0.3 m 
                                                   A  
 sand 
 
 
 
Solution: 
 
Step 1:  The effective stress � A’  at point A before excavation and before dewatering is: 
  
   � A’  = � A  - u   =  (1.5 m)(18.8 kN/m3) + (4.6 m)(20) - (4.6 m)(9.8) =  + 75.1 kN/m2 

Step 2: The effective stress � A’  at point A after excavation, but before dewatering is: 

    � A’  = � A  - u   =  (0.3 m)(20) – (0.3 m)(9.8) =  + 3.1  kN/m2        
 
 
            
1.5 m           Condition before 
dewatering but                                  after 
excavating the pit. 
 
4.3 m 
 
 
 
0.3 m 
                                                  A 
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Step 3:  The effective stress � A’  at point A after dewatering to an elevation – 5.8 m is: 
 
� A’  = � A - u  = (0.3m)(20) kN/m2 – (0.3)(9.8) - � hydr = + 3.1 kN/m2- (4.3 m)(9.8) =  - 39 
kN/m2    

 

Step 4: The perimeter of the excavation is 7 m + 3 m + 7 m + 3 m = 20 m. The factor of 
safety of the remaining 0.3 m limestone layer against shear failure is: 
  

2

2

(400 / )(0.3 )(20 ) 2,400
(39.5 / )(7 )(3 8 0

9
3

2.
)

Resisting Force kN m m m kN
FS

Driving Force kN m m m kN
= = = =  

 

Step 5:  As seen in Step 4, a stratum of limestone 0.3 m thick provides a FS = 2.9 against 
shear failure. How thick “h”  should this stratum be when FS = 1, that it, at failure? 
 
 
         
1.5 m 
               
        
 
4.3 m 
 

    
        h 
 
                                        
                                              � hydrostatic 

 
 
 
 
� A’  = � A - u  = (h)(20) kN/m2 – (h)(9.8) - � hydr  = (h)(10.2) - (4.3+h)(9.8) 
 
FS  =  [(400 kN/m2)(h)((20 m)]  /  [(h)(10.2) – (4.3+h)(9.8)] (7 m)(3 m) = 1 
 
Therefore,   h = 0.1 m 

 
and back-substituting in order to find the � A’  at  point A at the moment of failure,  
 
� A’  = � A - u  = (0.1 m)(20) – (4.5 m)(9.8)    =   - 42.1 kN/ m2 
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*Effective Stress-08: Find an expression for the critical gradient. 
(Revision: Aug-08) 

( 1)
Prove that   
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Solution: 

Consider a container under a head of h LD +  at its bottom, point A shown below: 
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            A 
 
 
The weight W (force) at point A  due to soil and water is: 

( )S W S s W WW W W V G V g= + = +  
The velocity of the flow creates an upward seepage force S: 

( ) wS h L A g= D +  
A “ quick”  condition exists when the downward force is equal to the upward seepage, 
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**Effective Stress-09: Combined problem with “ quick”  and other 
conditions. 
(Revision: Aug-08) 
You have been assigned the task of checking the design of a cofferdam in the center  
of Biscayne Bay. The cofferdam is to be built of sheet piles, and is 30 m long, 15 m 
wide and 13 m deep (see figure below) in a saturated silty sand with a unit weight of 
20 kN/m3. 
a) Determine the size of the pump you will need to keep the excavation free of 

water .  
      Provide a factor  of safety of 2 in sizing your  pump. Rate the pump in gallons per      
      minute (gpm). The coefficient of ver tical permeability is 1.5 cm/s, and the ratio of    
      hor izontal to ver tical permeability is 14.5. 

            1.5 (14.5) 1.5 21.75V H

cm cm cm
k k

s s s
� �= \ = =� �
� �

 

b) Determine the distr ibution of the pore water  pressure (expressed as meters of 
head)     
both on the outside and inside of the sheet piling. Since the design is 
symmetr ical, show     the flow net and calculations on one side only. The initial 
porewater    ( )i i i Wu h z g= -  

c) Comment on the stability of this proposed design.  
'
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           1 m 
 

Neq = 10 
Nf   =   5                                  3 m 
                           

   
U10= 7.01                                                                                                                                                                bay bottom 
silty sands 
                 
U9 =8.81                                                                                                     

                                  13  m      7 m 
                                                                                                                               a                
b 

U8 =9.01                                          soil “ element”  
     

                                                                                                                               c                
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    U7 =10.00                                         UO                      
                                                            
                                                                                                        2 m  
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         U6 =11.01 
        U1 =10.00 

                   U5 =12.62                            
                                                           U2 =10.41 

                               U4 =12.02             
     U3 =11.41              
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Solution: 
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*Effective Stress–10: Depth of embedment D for a sheet-pile cofferdam. 
(Revision: Oct.-08) 
You have been requested to design a sheet-piling cofferdam in the middle of a r iver  
in order  to place a br idge pier  at that site. The diagram below shows a cross section 
of the cofferdam. The per imeter  of the dam is 400 feet, and you expect to lower the 
head inside the cofferdam to the AB level (10 feet below the r iver  bottom). The sand 
stratum has an effective grain size of 0.42mm and the dimensions shown. Also Gs = 
2.65 and e = 0.90. 

a) Find the total water  inflow Q into the cofferdam (in gallons / minute), 
b) Find the depth of embedment D of the sheet-piling below the r iverbed to 

insure a 
FS = 1.5 against failure. 
 

                                                                                             Water level 
 
 
                                                             � h=10 ft 
     20 ft    15 ft                                
                                                              
 
 
                                10 ft     1  
       
                                                 A                                  8    B 
         7  
                                                                                               2 
        6 
     40 ft        5      3 
            4 
 
             sand 
 
 
                                           clay (impermeable layer) 
 
 
Solution: 
Notice that the number of flow channels is Nf = 3 and the number of equipotentials Neq = 
8:        
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