Lesson 7

Topic 1

Spread Footing Design – Bearing Capacity
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Focus on practical aspects of failure so students see how footing size, soil friction angle and embedment impact capacity.  Explain progression of failure from wedge formation to uplift of zone 3 and surcharge. 
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Ultimate Bearing Capacity of Shallow Footings with Concentric Loads





Explain in detail the use of the figure and the limitations of the figure (concentric loads, no water table in the failure zone, and level ground). Note that the frictional bearing capacity factors are shown as either rough (concrete or wood) or smooth (steel or plastic) as the contact surface of the footing base affect capacity. Also note that the equations shown are for continuous and rectangular footing shapes.  A rectangular footing equation is used when the footing length is 9 times the footing width.
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What is the Effect on Bearing Capacity of Excavation of Soil Cover Over a Spread Footing? 





Ask the question and how one would quantify the impact.
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After exercise chose team to put solution on flip chart.  Ask team about the magnitude of the bearing capacity and what value should be used in future settlement computations. Student exercise is used to test knowledge of computational process for bearing capacity of spread footings.  Exercise requires basic judgment about which equation and which bearing capacity chart should be used.  The instructor should ask the team who explains the answer to evaluate if the answer is realistic.  The answer is yes assuming the data used is correct.

 

PLEASE REFER TO PARTICIPANT WORKBOOK







Student Exercise No.5 



Footing Bearing Capacity


Objective:



Find the Allowable Bearing Capacity Using a Safety Factor = 3, for the Condition Shown Below. 
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Spread Footing Design

Bearing Capacity

		Explain how footing embedment, width, and water table affect footing bearing capacity





Activities: Bearing capacity 			analysis



Repeat objectives for lesson 7 topic 1.
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Student  Mini-Exercise on Bearing Capacity



		Properties and Dimensions
(Assume Continuous Rough Footing)		Cohesive Soil		Cohesionless Soil

		 = Unit Weight 
D = Footing Embedment 
B = Footing Width 		 = 0
c = 1000psf
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The mini-exercise in the participant manual has blanks in all columns except the first row initial situation. The idea is to familiarize the students with the bearing capacity chart before giving them a student exercise. Assign each table a different cell to complete and then ask for responses to fill in the answers on a flip chart. After completing the chart, refer back to the first slide in the presentation of the failed pier. This pier was placed on spread footings in a flood plain and designed for 6000 pounds per square foot (about 19,000 ultimate). When ground water rose to ground surface, ultimate capacity drop to 9,500 psf. When floodwater eroded soil cover the ultimate capacity dropped below the design value and failure occurred. Instructor asks the students to study and remember the impact of each change (b,c, and d) on the bearing capacity for both cohesive and cohesionless soils.



PLEASE REFER TO STUDENT EXERCISE SOLUTION PAGE ???
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After exercise chose team to put solution on flip chart.  Ask team about the magnitude of the bearing capacity and what value should be used in future settlement computations. Student exercise is used to test knowledge of computational process for bearing capacity of spread footings.  Exercise requires basic judgment about which equation and which bearing capacity chart should be used.  The instructor should ask the team who explains the answer to evaluate if the answer is realistic.  The answer is yes assuming the data used is correct.

 

PLEASE REFER TO PARTICIPANT WORKBOOK
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Footing Bearing Capacity


Objective:



Find the Allowable Bearing Capacity Using a Safety Factor = 3, for the Condition Shown Below. 



Rough Base Footing 10( ( 50( 
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Student Mini-Exercise on Bearing Capacity



		Properties and Dimensions
(Assume Continuous Rough Footing)		Cohesive Soil		Cohesionless Soil

		 = Unit Weight 
D = Footing Embedment 
B = Footing Width 		 = 0
c = 1000psf		 = 30
c = 0
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		Initial Situation T = 120 pcf, 
	D = 0, B = 5’, deep water table 		5530		5400

		Effect of embedment D = 5’, 
	T = 120 pcf, B = 5’, deep
	water table 

		Effect of width, B = 10’, 
	T = 120 pcf, D = 0’, deep
	water table 

		Effect of water table at 
	surface, sub = 57.6 pcf, D = 0’,
	B = 5’ 





























The mini-exercise in the participant manual has blanks in all columns except the first row initial situation. The idea is to familiarize the students with the bearing capacity chart before giving them a student exercise. Assign each table a different cell to complete and then ask for responses to fill in the answers on a flip chart. After completing the chart, refer back to the first slide in the presentation of the failed pier. This pier was placed on spread footings in a flood plain and designed for 6000 pounds per square foot (about 19,000 ultimate). When ground water rose to ground surface, ultimate capacity drop to 9,500 psf. When floodwater eroded soil cover the ultimate capacity dropped below the design value and failure occurred. Instructor asks the students to study and remember the impact of each change (b,c, and d) on the bearing capacity for both cohesive and cohesionless soils.

 

PLEASE REFER TO PARTICIPANT WORKBOOK
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Ask students where the rule of thumb came from?
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Student Mini-Exercise on Bearing Capacity



		Properties and Dimensions
(Assume Continuous Rough Footing)		Cohesive Soil		Cohesionless Soil

		 = Unit Weight 
D = Footing Embedment 
B = Footing Width 		 = 0
c = 1000psf		 = 30
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		qult (psf)
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	D = 0, B = 5’, deep water table 		5530		5400

		Effect of embedment D = 5’, 
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	T = 120 pcf, D = 0’, deep
	water table 
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The mini-exercise in the participant manual has blanks in all columns except the first row initial situation. The idea is to familiarize the students with the bearing capacity chart before giving them a student exercise. Assign each table a different cell to complete and then ask for responses to fill in the answers on a flip chart. After completing the chart, refer back to the first slide in the presentation of the failed pier. This pier was placed on spread footings in a flood plain and designed for 6000 pounds per square foot (about 19,000 ultimate). When ground water rose to ground surface, ultimate capacity drop to 9,500 psf. When floodwater eroded soil cover the ultimate capacity dropped below the design value and failure occurred. Instructor asks the students to study and remember the impact of each change (b,c, and d) on the bearing capacity for both cohesive and cohesionless soils.
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Instructor should go to Reference Manual before explaining the example. Demonstrate the computational process by example.







Example: Determine the Allowable Bearing Capacity for A Rough Base Square Footing Using A Safety Factor Of 3. 
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Demonstrate the computational process by example







































Solution:
Assuming A General Shear Condition, Enter the Bearing Capacity Chart for (= 20( and Read Nc = 14, Nq = 6, N( = 3.  Also note that formula for bearing capacity must account for the square footing and the water table within the failure zone.  
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Solution:


 


Assuming A General Shear 


Condition, Enter the Bearing Capacity 


Chart for 
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= 20


°


 and Read N
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 = 14, N
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 = 6, 
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 = 3.  Also note that formula for bearing 


capacity must account for the square 


footing and the water table within the 


failure zone.
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Ultimate Bearing Capacity with Ground Water Effect



Explain how water affects the various terms in the bearing capacity equation.  Explain why the correction is not as simple as dividing by 2. (Relate the amount of soil made buoyant in the failure zone by use of a simile to a bowl of cereal being slowly filled with milk, the amount of cereal that is covered with milk is very small at the base of the bowl but very large when the top of the bowl is reached. A small intrusion of water into the failure zone has a negligible effect but as the water rises the volume of buoyant soil increases rapidly and the capacity decreases).

Go to the reference manual and overview the bearing capacity sections including the charts just presented. 
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Eccentric Loading 
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Use B’ and L’ in place of B and L in Bearing Capacity Eq. 

B’ = B – 2eb

L’ = L – 2eL
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Where R is a reduction factor for eccentric loading  

q’ult = Qult(R)
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Show that different types of analyses can be done for inclined footings, footings in slopes or abutment type footings.  These are beyond the scope of the class. 
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Emphasize that an advantage of spread footings is the uncovering of the soil, which will support the footing loads.  The inspector can easily verify the soil type and compactness prior to footing construction.
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Case history of what happens when the excavation uncovers unexpected soil conditions and a good lesson to reinforce the need for an adequate site investigation. This retaining wall project was located in an urban area where the homes were very closely spaced. All borings were taken between the homes previous to demolition of the homes. No one reported that homes with basements were located at the site and the designer never visited the site. The designer relied completely on the boring logs which showed dense granular soil and no water table. The design selected was a spread footing for the retaining wall, which extended across the demolished home basements. The bad news is the site investigation was inadequate but at least the inspector recognized the problem during initial excavation of the wall footings and called for a redesign. 
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Bearing Capacity – Slope Effects
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Show that different types of analyses can be done for inclined footings, footings in slopes or abutment type footings.  Ask the class what is different about the computation of bearing capacity on slopes from that on level ground. (This question seldom results in the correct answers of “different bearing capacity factors as the geometry is different” without some coaching but makes student think about the process). These are beyond the scope of the class. 
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Bearing Capacity Equations

		Terzaghi:  



 qult = cNc + PoNq + 1/2 BN



		Brinch Hanson



qult = cNc scdcic + Po Nqsqdqiq + 1/2 BN sdi 



Explain that the basic equation has been modified to be more accurate but that the basic equation will be used in this class for learning of the concepts.  Students are encouraged to use more complex formula in real project activities.
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Bearing Capacity Factors
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Explain the use of the bearing capacity factor chart and the corresponding equations. Note that many different charts of bearing capacity factors have been published by authors. In this class a chart developed by Meyerhof and published in other Federal documents will be used.
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Bearing Capacity
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Show basic equation for bearing capacity.  Ask student what the N terms reflect. (The answer is the geometry of the failure zone) Lead students to answer by comparing this analysis to the slope stability analysis.  Note in slope stability that we multiplied cohesion times length of arc…then ask what the Nc term represents in the bearing capacity equation.  Emphasize that theoretical meaning and formula for N terms not as important as physical meaning of terms.  Restate how important the friction angle is for bearing capacity. 
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What is the Effect on Bearing Capacity if the Soil Cover Over a Spread Footing is Removed? 





Show and ask for opinion before showing slides. 







F'q SOILS AND FOUNDATIONS
WORKSHOP








_1077151953.ppt




Show failure case history. Begin humorously stating that “this designer did not have a good idea about what is important in the bearing capacity of spread footing”. The failure actually occurred due to scour at river crossing. However do not explain how failure occurred but return to this slide later after the audience has learned the basics of bearing capacity.
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Failure Modes

Settlement, S

Load, V

General

Local
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Local Shear Failure

General Shear Failure

1

2

2

3

3

1

2

2

3

3

Soil undergoes compaction in zones 1, 2 and 3

Soil undergoes sudden failure as wedge 1 displaces zones 2 and 3

2

3



2

3





Explain both failure mechanisms and why only the general shear failure is considered for highway bridge footings. Begin with a description of the load vs. settlement plot and describe both failures. Then describe in detail how the general shear failure occurs with sequential movement of wedges 1-3 as the load on the footing is increased. Do the same for the local shear failure. Note that local shear failure is common for soft soils and for small footings but highway agencies who routinely take borings at all bridge site do not place footings on soft soils and therefore do not worry about local failure.
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Show schematic.  Emphasize that a spread footing is a structural element that is sized to apply no more than the allowable pressure to the foundation soil.
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SPREAD FOOTING DESIGN



Lesson 7 - Topic 1

Bearing Capacity



Header slide
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Structural Foundation Topics

		Shallow Foundations (Spread Footings)



Bearing Capacity

Settlement

		Deep Foundations



Load Capacity

Settlement

Negative Skin Friction



Review flip chart sheets, which are around room to update class on status of geotechnical process and status of their learning.

Introduce the structural topics to be considered in the upcoming lessons.  Note again that the data gathering and embankment work must be complete before this work begins.
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SPREAD FOOTING DESIGN

Bearing Capacity

1. Explain How Footing Embedment, Width and Water Table Effect Footing Bearing Capacity 







ACTIVITY:  Bearing Capacity Analysis



Objectives










