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BASEMENT WALLS & HYDROSTATIC PRESSURE 
 
INTRODUCTION 

This document explains how basement walls are intended 
to resist lateral soil loads.  It also explains the problems 
associated with hydrostatic soil pressures.   
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1. DEFINITIONS 

Hydrostatic Water Pressure – The pressure on a wall 
due to water that is not moving.   (62.4 lbs/ft2/ft) 

Hydrodynamic Water Pressure – The pressure from 
moving water.  This is not considered in this document.   

Structural Design – The process of sizing members to 
resist anticipated loads.   

Construction – The process of fabricating and erecting 
building materials to create a building.   

Slope Stability – The study of sloping soil and their ability 
or inability to remain at certain angles.   

Retained Soil – Soil that is prevented from collapsing and 
forming a hill.   

Geotechnical Engineering – The branch of civil 
engineering concerned with the engineering behavior of 
earth materials.   

2. Slope Stability   

If given enough time, an open pit of soil will become a 
gentile hill.  Soil does not stand for long by itself if a hole 
is dug.  It will eventually collapse.  The image below 
shows a typical slope failure along a curved surface.   

 

3. Basement Wall Collapse  

A basement wall simply stops the movement of the 
exterior retained soil.  There are numerous reasons that 
may cause a basement wall to collapse.   

 

• A wall may not have been built correctly.   

• The backfill may have been inappropriate.   

• The retaining soil may have been altered.   

• The wall may have deteriorated with time. 

• Hydrostatic pressures may have been created.    
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4. Lateral Soil Loads –Bending Failure 

A wall element must be sufficiently strong in bending.   

A basement wall must resist lateral soil loads to prevent 
the soil from failing inward.  The image below shows a 
pie-shaped wedge of soil sliding down into a basement.  
The wall resists the inward movement by bending.  The 
wall is supported at the floor levels. The wall must be 
strong enough to resist tension forces on the inside 
surface as the wall bends inward.   

Whether masonry or concrete, steel is often placed on the 
inside surface when tension forces are too great.  

  

The basement wall in this photo was unreinforced.  The 
outside soil was saturated.  It had rained for numerous 
days soon after the winter snow melt.  The soil pushed 
inward collapsing the wall.   

 

 

 

5. Lateral Soil Loads - Shear Failure  

A wall element must be sufficiently strong in shear.   

Shear forces are forces at the support locations of a 
bending elements that tend to shear the member apart.   

The image below shows a shear failure at the base of a 
wall.  As the pie-shaped wedge of soil moves inward the 
shear forces can fail a wall at the base support.  The wall 
fails as the upper portion slides (shears) inward.   

 

Below is a real life photo of a shear failure at the base of 
a masonry foundation wall.   

 

Masonry walls can be grouted to increase the shear 
strength.   
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6. Knee Walls & Unstable Conditions 

Unfortunately, some walls have been constructed with no 
means of resisting lateral loads.   

A basement knee-wall that has no support at the top of a 
wall may become unstable as the soil pushes into the 
basement.   

The image below shows a knee-wall that was resisting 
lateral soil loads.  As the small pie-shaped wedge of soil 
tries to fall inward, the knee wall is unable to resist the 
inward force.  The wall is able to rotate freely into the 
basement.   

 

The image below is a knee wall that had no resistance to 
external soil loads.  The wall should have been built as a 
retaining wall or should have been continuous from the 
footing to the roof.  The soil had been removed to prevent 
further movement.   

 

7. Soil Pressure on a Wall  

Soil is made up of small little particles.  Depending on the 
size of the particles, soil is classified as gravel, sand, clay 
or silt.  The behavior of the soil is significantly different 
depending on the soil type.  The image below shows soil 
against a wall with very large (unrealistic) particles.   

• Each particle has a downward weight (red arrows).   

• The combined weight of all the stacked particles 
push on the wall and the failure plane of the soil.   

• There would be a shearing force (yellow arrows) 
along the failure plane of the soil.   

• The forces on the wall (green arrows) would be 
small at the top and increase toward the bottom.    

 

8. Empirical Wall Design  

Earlier construction of basements walls followed what 
worked in the past.  Historically, stone walls were 
constructed because the material was available, and it 
worked.   

Masonry blocks entered the market.  People started 
constructing basements using masonry block walls 
without reinforcement because it worked.  Some 
unreinforced block masonry walls have continued to 
resist soil pressures.  Some have not.   

As our society became more knowledgeable about 
geotechnical engineering and structural engineering, 
better guidance was available for the successful design 
and construction of basement walls.   

Empirical Designs are still used today.  There are 
standards available showing minimum wall thicknesses 
and minimum reinforcement depending on given 
limitations.  In order to use the empirical designs, the 
construction must follow the stated limitations.    



BASEMENT WALLS & HYDROSTATIC PRESSURE- 2020-01-29 Abbott Consulting Forensics & Design 

4 | P a g e   

9. Modern Wall Design  

The empirical designs are only accurate and suitable for 
construction when the stated limitations are followed.  If 
the building construction is outside the stated limitations, 
empirical designs will not work.  

For walls that have unique conditions, there are means 
of calculating wall pressures and calculating wall 
strength.   

Design by calculation has nearly unlimited ability to 
resist earth pressures.   

Whether designed by empirical methods or designed by 
calculation, the following items must be identified to 
determine if the chosen wall will have the ability to resist 
retained soil.   

1. Soil Type 

2. The wall height 

3. The wall support at the top 

4. The wall support at the bottom 

5. The location of the water table 

6. The slope of the soil on the exterior  

7. The depth of the soil on the interior 

8. Exterior drainage 

9. Surface loading  

10. Are the soils expansive? 

11. Is there a drain tile system? 

12. Is the top support rigid or flexible? 

 

 

 

 

10. Lateral Soil Loads   

Soil pressure can be determined by a geotechnical 
investigation or they can be estimated based on soil 
type.   

With the advancement of the understanding of soil 
behavior, the design community discovered different 
types of pressures on a wall depending on the soil 
interaction with the wall and the direction of the force.   

The three different types of wall pressures are:  

1. At Rest Pressure – The soil is not helping.  The 
soil is back filled into the hole and it pushes 
against the wall.    

2. Active Pressure – The soil, itself, helps keep the 
soil from falling.  Internal interlocking forces 
helps the soil from collapsing.   

3. Passive Pressure – The wall is pushing on the 
soil.  (This is not addressed in this document) 

These different pressures made their way into the codes.  
The following are examples of the different lateral 
pressures that can be found in design standards and 
codes. 

Soil Condition Pressure 
Type 

Soil Pressure 
(Lbs/ft2/ft) 

Well graded 
gravel-sand mixes  

Active 30 ** See Note** 

At Rest 60 

Poorly graded 
gravel-sand mixes  

Active 40 

At Rest 60 

Poorly graded 
gravel-clay mixes 

Active 45 

At Rest 60 

Poorly graded 
sand-clay mixes 

Active 60 

At Rest 100 

Organic soils  Not Suitable 

Clays  Not suitable 

** Note** - Many walls have been 
designed assuming 30 Lbs/ft2/ft 

1. The type of soil used at a site can change the 
force on the wall from 30 to 100.   

2. Simply using 30 for every wall might be an error.   
3. There are soils that are unsuitable for backfill.    



BASEMENT WALLS & HYDROSTATIC PRESSURE- 2020-01-29 Abbott Consulting Forensics & Design 

5 | P a g e   

11. Poor Site Drainage  

Most residential houses have been constructed assuming 
that hydrostatic pressures will not be developed at a site.   

The most important precaution to take against developing 
hydrostatic pressures on a basement wall is to have good 
site drainage and well-draining soils. 

The code specifies that the grade around a house should 
be sloped away from a house 1:20 (5%) for 10-feet 
around the house.   

 

12. Seepage  

Basements that retain soil are required to have damp-
proofing or water-proofing.   

Damp-proofing is a cheaper system that helps prevent 
water from soaking through the wall.   

All soil on the exterior of a basement has some amount of 
water that will try to migrate into the basement.   

Water-proofing is required when the water table is high or 
there are conditions where water in expected to collect 
around a basement wall.   

 

13. Sump Pumps and Perimeter Drains  

Current codes require that all basements have foundation 
drains.  A pipe is placed around the perimeter to collect 
the water.  The water is directed to a sump pit.  A sump 
pump discharges the water out of the building.    

 

14. Saturated Soils vs Hydrostatic Pressure  

There is a slight difference between saturated soil and the 
presence of hydrostatic pressure within the soil.   

The development of hydrostatic pressure can be 
described as a progression of soaking soil alongside a 
house as follows: 

1. The soil may start out relatively dry.   

2. It rains and water soaks into the ground.  There is 
moisture between the small particles of soil.   

3. Water is added to the soil.  The soil becomes 
more saturated as the voids in the soil change 
from air to water.   

4. At some point the soil is not able to soak in any 
more water.  All the small voids between the 
particles of soil become fully saturated with water.  
The soil becomes as wet as soil can get.   

5. Water cannot be added to fully saturated soil.  It 
begins to fill up the surrounding areas like filling a 
bucket of water.   

6. If the water cannot flow out of the system, it may 
become trapped next to the foundation wall.  The 
soil would then develop hydrostatic pressure as 
the water level in the soil rises.   
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15. Buoyancy Forces  

To understand hydrostatic pressure on a wall or a 
basement slab it is necessary to understand buoyancy 
forces.   

The buoyancy force for any object in water is the force 
upward of the displaced water.  This is the law of science 
that allows boats to float.   

The image below shows the upward force needed to push 
an empty 5-gallon bucket into water a depth of 15-inches.  
The force is equal to the density of water times the volume 
displaced.    

 

16. Upward Forces on Basement Slabs  

A flooded basement is similar to the bucket example.  
When an area floods around a house with a basement, 
there is a risk of the basement slab fracturing.  If the soil 
beneath the house has clean sand, water can easily flow 
into the space.  If hydrostatic pressures are created, there 
is a significantly large upward force on the basement slab.    

 

The following photo is of a basement slab that was 
fractured due to hydrostatic pressure beneath the slab.   

   

The height of the water outside was estimated to be 5 feet 
above the basement slab.  Therefore, the upward force 
on the bottom of the slab from the pressurized water 
below the slab would have been 62 x 5 = 310 pounds per 
square foot.  A 4-inch slab only weighs 50 pounds per 
square foot.  The net upward load of 200 pounds per 
square foot was way too much for the slab to handle 
without fracturing.   

The edges were held in tight.  The slab fractured as the 
water pushed up on the slab.   

17. The Buoyant Force on a Submerged Stone  

It is necessary to understand buoyance forces on 
submerged material to understand hydrostatic water 
pressure in saturated soil.  The following example is of a 
submerged stone:   

1. The weight of the stone is 100 pounds.   
2. The volume of water displaced creates a 

buoyant force upward of 40 pounds. 
3. Therefore, stone feel like it weighs 60 pounds 

when lifted in water.   
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18. Pure Hydrostatic Pressure  

Pure hydrostatic pressure on a wall is the lateral pressure 
on a wall from water (alone) that is not moving.  If water 
was allowed to fill one side of a basement wall, the forces 
on the wall would be pure hydrostatic water pressure 
equal to the density of water times the height of the water.   

The density of water is 62.4 pounds per cubic foot.  
Therefore, the lateral load that the wall would need to 
resist would be 62 lbs/ft2/ft.   

Pure Hydrostatic Pressure on a 
Vertical Surface is 62 lbs/ft2/ft 

 

19. Hydrostatic Soil Pressure  

Hydrostatic soil pressure is the combination of soil 
pressure and hydrostatic pressure. 

The soil below the water level has a buoyant weight.  It 
weighs less than the saturated weight.  Therefore, the 
lateral soil loads on the wall due to the buoyant soil is 
shown to be less (smaller green arrows).   

Conservatively, the buoyant weigh can be taken as 60% 
of the dry weight of the soil.  

 

The following is an example of the increased lateral load 
from hydrostatic pressure on a typical basement wall 
that was originally designed for 30 lbs/ft2/ft.   

Lateral load from saturated soil = 30 x 0.6 =  18 

Lateral load from water  60  

Total Load on the wall  78  

Therefore, the lateral load on this wall would increase by 
78 / 30 = 260%.   

20. Conclusions  

1. Retained soils push inward on a basement wall.   

2. A basement wall must be stable.   

3. A basement wall must be sufficiently strong in 
bending and shear.   

4. Many existing basement walls were never designed 
for lateral loads other than being built based on local 
tradition.   

5. Many basement walls were built using empirical 
designs with limiting conditions.   

6. Most residential walls were not designed to handle 
hydrostatic soil pressures.   

7. Basement walls restrain moist soils.  The moisture 
wants to seep into the basement.   

8. Damp-proofing and water-proofing are two means of 
reducing water intrusion.   

9. Site drainage and foundation drain tile are important 
design aspects of a basement foundation.   

10. Hydrostatic pressures on basement walls must be 
avoided.   

11. If hydrostatic pressures form on a basement wall the 
forces can increase significantly enough to cause 
collapse.   
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