Lesson 6

Topic 1

Embankment Settlement
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Estimate of Embankment Settlement Due to Consolidation of Subsoil

		Different computation methods for cohesive and cohesionless soils

		Pressure distribution common to all soil types





Instructor should use overhead transparencies for the remainder of this topic.

Explain that different computation methods are used for cohesive and granular soils but that pressure distribution is the same for both. 
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Explain why field N values need to be corrected.
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Student Exercise NO. 3

SPT Correction and C' Value

GIVEN:  Po values at the depths

Where SPT’s were taken.

Soil is fine to coarse sand
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FIND:  1. N' (SPT value corrected for

Po effect - Fig. 6-5)

2. C' (Bearing capacity index

		Fig. 6-6)





Student exercise to find compressibility value for granular soils from both the field blow count and the soil visual from the lab.  The purpose of the exercise is to show how the field value must be corrected for overburden pressure and the soil type identified before compressibility values can be found.  The emphasis of the exercise is on the need to get quality input data for settlement analyses.  The next example will extend the results into a settlement computation.  After student exercise complete, ask for team to put results on flip chart or divide exercise into segments with team 1 computing only 5’ depth values, team 2 – 10’ values, etc.  Then instructor asks teams for answers and write on flip chart.  Ask team how results would have been affected if soil type were sand and gravel, or inorganic silt.



PLEASE REFER TO PARTICIPANT WORKBOOK PAGE ???
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Demonstrate the computation process for clays.  Build on the learned concepts from exercise on overburden pressure and the need for good consolidation data.
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Example:


 Determine The Magnitude 


And The Time For 90% Consolidation 


For The Primary Settlement Of The 


Embankment Using The P


o 


Diagram.
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Example: Determine The Magnitude And The Time For 90% Consolidation For The Primary Settlement Of The Embankment Using The Po Diagram.
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Student Exercise No. 4 - Settlement Problem

Given: 1. Soil profile
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2. Time (mos.) for 90% primary settlement to occur in clay



1. Primary settlement of normally consolidated clay due to fill load.

Compute:

23’

29’

Cv = 0.0175 ft2 /day



Student exercise on settlement in clay. The purpose of the exercise is to test learning of the settlement analysis process.  The final question to the group after the analysis has been completed is “How accurate do you think this analysis is?”  The answer is that depends on the quality of the data from the lab or the field.  This recurring theme should be used in all exercises to continually reinforce the need for good data.   Instructor demonstrates EMBANK software program.  After student exercise, ask a team to put solution on the flip chart.   Ask how time would be affected if the layer of clay were 12’ thick?



PLEASE REFER TO PARTICIPANT WORKBOOK ???
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Settlement Magnitude

Where:	H = Settlement

		  H = Layer thickness

		 Cc = Compression Index

		  eo = Initial voids ratio

		 PO = Overburden Pressure

		 P = Change in Pressure



Introduce and explain the basic settlement equation. Emphasize the need for good consolidation testing.  Ask students how to find each of the terms in the equation (H from soil profile, Cc and eo from consolidation test, Po from Po diagram and change in pressure from applied load.
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		Estimate compressibility from basic soils data

		Calculate settlement





Activities:

		Compressibility analysis

		Settlement analysis



Embankment Settlement



Repeat objectives for lesson 6 topic 1. 
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Solution:
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Find Time to 90% Consolidation:
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Instructor should solve this example by hand using a blank transparency. Show the solution to the clay settlement problem. 
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Settlement Estimate - O.C. Clay

P
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Cr
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1 + e
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+ H

Cc

1 + e

Log

P

F

P

C

O

H = Thickness of clay layer

Cc  = Compression index (e-log P curve)







Pc   = Preconsolidation pressure



Cr = Recompression index

PF   = Final effective pressure (Po + P)

Po   = Existing effective overburden

pressure (psf) @ center of layer

eo   = Initial void ratio of clay



Discuss the method to estimate settlement in overconsolidated clays.  Note that two computations may be necessary if the range of the change in pressure extends from Po to above Pc.







F'q SOILS AND FOUNDATIONS
WORKSHOP








_1077150126.ppt


Settlement Time

=

T Hv2

Cv



= Time for settlement (days)

T = Time factor

Hv = Vertical drainage path (ft)

Cv = Coefficient of consolidation (ft2/day)

Sand

Sand

Clay

Clay

Sand

Rock

10'

10'

Hv = 5'

Hv = 10'

t

t



Introduce the computation for settlement time in clay soils. Then go to reference manual and review up to page 6-15.
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Settlement Estimate - N.C. Clay

P

P

O

F

H = H

Cc

1 + e

Log

P

F

P

O

O

H = Thickness of clay layer

Cc = Compression index (e-log P curve)

  e   = Initial void ratio of clay

   P   = Existing effective overburden

pressure (psf) @ center of layer

P   = Final effective pressure (P  +    P)





F

O



O

O



Introduce the computation of settlement in cohesive soils by starting with normally consolidated clays.  Relate back to lab testing lesson on consolidation.







F'q SOILS AND FOUNDATIONS
WORKSHOP








_1077150118.ppt
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Instructor demonstrates granular settlement computational process in an example.







Example:  Determine The Settlement Of The Embankment Due To Consolidation Of The Silty Sand Layer Using The PO Diagram.  
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Example:  Determine The Settlement Of 
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Sand Layer Using The P
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Solution 
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Instructor demonstrates granular settlement process in an example.  Then go to the reference manual and point out where these figures are located.
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Clean well graded fine to coarse SAND

Well graded silty SAND & GRAVEL
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Bearing Capacity Index C’

* Revised by Author from Sandy Clay in Original Hough Paper 



Explain how soil type affects compressibility. Remind Students of the relative volume solids and volume of voids for different soil types shown in lesson 4.  Fine-grained soils consolidate more than coarse-grained soils.  Note that original ASCE paper shows sandy clay but author probably meant to use clayey SAND. 
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Show the end fill pressure distribution chart.  This is the most difficult chart to grasp in the course and requires a slow, in-depth explanation; particularly of “b” which is the term which relates the extent of the loaded area to distribution.
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EXAMPLE SOLUTION

USE OF PRESSURE DISTRIBUTION CHART















At 64' depth    P = K    h = (0.7)(100 pcf)(30 ft)

From 0.8b depth chart read K = 0.7

F

 point 'X' = 30' so enter chart at 30/80b = 0.38b

 

Solution:  Distance from midpoint of end slope to

0.38b

P = 2100 psf





 Point X



.7





1.5b

2.0b

0.5b

1.0b

MP



Explain the solution 
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Settlement - Cohesionless Soils

1. Determine "corrected" SPT (N') value from

Figure 6.5.

2. Determine "Bearing Capacity Index" (C') by

entering Figure 6.6 with N' value.

3. Compute settlement in 10' + increments

of depth from:

H = H        Log

1

C'

Po +    P

Po

Where:

H = Settlement

C' = Bearing capacity index

Po = Existing effective overburden

pressure at center of layer

P = Distributed embankment pressure

at center of layer



Overview the granular settlement computation process.
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EXAMPLE

USE OF PRESSURE DISTRIBUTION CHART

Given:  Fill height, h = 30 ft

End and side slopes, 2:1

Embankment top width = 100 ft

Fill unit weight      = 100 pcf

F

Find:  The pressure increase (   P) under the proposed

abutment centerline (point X) at a depth of

64 ft (0.8b) below the base of the fill.



























b

C

L

h

60'

100'

2:1

b = 100/2 + 60/2

b = 80'





Point X



Explain the example with emphasis on the importance of the “b” term and how you computed the ‘b’ term. To be 80’.  Then return to previous slide.  Show students that the depth below ground can now be determined for each chart, (0.2b, 0.4b, etc.).  Now the charts are for depth of 16’, 32’, 48’, 64’, etc. Then show next slide to illustrate the computation of ‘k’ at the 64’ depth. 
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PRESSURE DISTRIBUTION OF

EMBANKMENT LOAD

Addition of Embankment Load is What

Causes Consolidation of Subsoil

The Embankment Load Spreads Out

with Depth ->   P Decreases with Depth



To Compute    P with Depth

Can Use Pressure Distribution Chart

F





























































H

Fill

@ OGS    P =    H

P <    H

F





F

F

F

F







Stress that distribution depends only on the extent of the load area.  The wider and longer the area of load; the greater the pressure at depth below ground.  Note that discontinuities in loaded area (such at locations where the embankment stops and the bridge begins), can cause difficulties in finding how pressure is distributed with depth.
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Case of Long Strip-Uniform Loading Vertical Pressures at End of Fill



Until now, we have assumed only a condition where the fill is continuous in length. However in the case of end fills at bridges, the pressure distribution will be affected by the discontinuous fill. Pressures near the toe of fill are less than pressures beneath the top of fill. The term “b” which represents the half-width of the fill can be used to determine the variation of pressure both below ground and at distances along the length of the end fill. 
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Po Diagram

P = Pressure increase due to approach emb. load

P  = Po +   P = Final pressure felt by subsoil

F

Po = Effective overburden pressure before fill placed

(determined using pressure distribution chart)





















PRESSURE

Po

P

P

F



Show the Po diagram with an added entry of the distribution of pressure with depth.  Important to state that pressure at various levels below ground is less than the pressure applied at the ground due to pressure distribution.
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Typical case history of the bump at the end of the bridge. Note the characteristic dip in the guard rail and the patch at the interface between the abutment backwall and the approach fill. 
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Embankments

		End Slope Safety Factor = 1.30

		Side Slope Safety Factor = 1.25





Review safety factors required for acceptable stability conditions.
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EMBANKMENT SETTLEMENT

1. Estimate Compressibility from Basic Soils Data

2. Calculate Settlement





ACTIVITIES:  	Compressibility Values

				Settlement Analysis



Lesson objectives










_1077149483.ppt




 EMBANKMENT SETTLEMENT

Lesson 6 - Topic 1



Introduce the settlement lesson and indicate that the lesson will be broken into two parts; first the settlement analysis procedures will be covered then the treatments for settlement will be covered second.
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Embankments

Major Design Considerations

		Stability

		Settlement

		Effects on the Structure





Review that stability issues must be considered first, then settlement and the effects on structures complete the embankment design.
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Avoid Settlement Within Embankment

		No Organic or Miscellaneous Fill Material Allowed

		Control Fine-Grained Material Use

		Require Compaction and Compaction Control Tests





Internal consolidation factors.
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Case history of settlement within embankment.  As indicated by adjacent ground topography, this embankment was placed on rock.  However note that so much settlement and regrading/repaving has occurred that the guardrail is nearly at pavement level.
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To Eliminate Settlement Within Embankment 

Suggested Approach Embankment Details 

6” Topsize

90% T180

50’ Minimum 

5’ 100% T99 

1

1

3

1

1

1







Select Structure Fill (100% T99)

Highway Embankment Material (90% T180) 

Highway Embankment Material 6” Topsize (95% T180)  



Typical cross section of good design to prevent internal consolidation. 
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To Prevent Bump at End of Bridge 

		Use Select Structural Fill

		Use Underdrain Filter Material 

		Use Durable Well Graded Granular for High Density w/Min. Compactive Effort 



Underdrain Filter Material (6” Lifts) 

Select Structural Fill (100 % T99) 

Heel Projection + 3 ft. 

1’6”



Show the recommended solution in cross section and highlight important items to be included in the specifications.  Emphasize durability and ask what controls the agency now has on durability of backfill.
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Note the use of the slab has only moved the bump to the end of the approach slab.  This is not the most effective method to eliminate the bump.







-
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Reasons for “the Bump at the End of the Bridge”

		Poor Compaction of Embankment Material Near the Structure

		Migration of Fines into Drainage Material Behind Abutment Backwall





State reasons, and then asks audience how their highway agency prevents the bump at the end of the bridge.  The answer you want is “use an approach slab”.  After either getting that answer or leading the audience to the answer, show the next slide of an approach slab
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In order to understand the source of the problem of the bump at the end of the bridge you need to understand the typical construction process for a bridge abutment in fill.  Note in this photo the main height of fill only extends partially into the U-shape of the abutment.  The final backfill will be placed when the forms are stripped.  Note that the backfill area is narrow, the corners cramped and the backfill will be placed against both the back wall and the slope.  Proper materials and placement are needed to ensure a non-yielding backfill that will withstand years of drainage from the bridge and the heavy impact of trucks rolling off the bridge. 
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Select Material Specification (Cont’d)

		Specification Item



Durability

Limit Percent Fines

T99 Density Control



Compatible to Drain 	Material

		Reason



Minimize Breakdown

Density/Piping

Small Compaction 	Equipment

Prevent Piping



Focus on what should be included in the specifications and the reason for the item.
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Select Material Specifications

		Specification Item



6”-8” Lift Thickness



Topsize Restriction



Gradation Requirement

		Reason for Item



Small Compaction 	Equipment

Less than 3/4 Lift 	Thickness

Compactibility



Focus on what should be included in the specifications and the reason for the item.  
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Settlement Problem 

Soft Clay

Granular Fill

 = 120 PCF

24’

23’

Sandy Gravel

 = 120 PCF (’ = 60 PCF)

Sand

6’



Show typical problem where subsoil settlement is the main issue. Ask which layer is of most concern to consolidate (clay layer). Then ask what two steps need to be taken before a designer can accurately predict the settlement (take undisturbed tubes in the clay layer and perform consolidation tests). 
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Avoid Major Subsoil Settlement

		Identify and Provide Treatment for Organic Soils

		Analyze Clay Subsoil Deposits





Begin the analysis portion of subsoil settlement here.  Start slowly by building on basic concepts until the student has been shown the entire settlement computation and analysis process over a series of visuals.  First introduce the concept of subsoil settlement.
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Settlement Time

Where:	t = Time for Settlement

		T = Time Factor

		Hv = Vertical Drainage Path Length

	          CV= Coefficient of Consolidation



Introduce and explain the time equation with emphasis on determination of the vertical drainage path and how this value may not be the same as the layer thickness.
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Settlement

		Amount

		Time





Stress that time as well as magnitude must be considered. Stress that the time for settlement is a very important issue for post construction maintenance of the highway facility. Periodic road closure for maintenance result in expenditure of highway funds, delays to traveling public, and bad public relations for the agency. Funds are better spent to assure a adequate design than to repair a poor design.
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Embankment on Clay Subsoil Time-Settlement Curve

Time (Months)
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Show the results of a typical time –settlement analysis and explain how to use this in project design. Mention that time for settlement is often over-predicted from the results of consolidation tests due unforeseen lateral drainage or disturbance of the test sample. Plant the seed for the use of instrumentation to measure the actual rate of consolidation during construction.










