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Poll Question #1
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Presentation Notes
TITLE PAGE



Outline

• Why do we care?
• What is buoyancy? 
• TWO methods to account for this our designs
• Factors of Safety
• Where the rubber meets the road...example 

problems!



Flotation Failure

Presenter
Presentation Notes
We don’t want to see this on any of our projects!  Not every flotation failure looks like this.  However, buoyancy can be a powerful force, and even if the resulting effects are not so dramatic, they can still cause a lot of damage to the infrastructure above the pipe, resulting in major costs for repair.





Presenter
Presentation Notes
It seems that pipe flotation is becoming a more prominent thing these days, and that this is a timely subject for discussion.  If you look at the extreme events we have had in recent years, many of them involve flooding and water levels above what engineers had expected.
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Presenter
Presentation Notes
NOAA’s map showing prolonged flooding in 2020.  They are predicting widespread flooding, but not as severe or prolonged as last year.  
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Presenter
Presentation Notes
So what is buoyancy?  

There is an upward force, or buoyant force, on any object in any fluid. If the buoyant force is greater than the objects weight, it will rise to the surface.  If the buoyant force equals the objects weight, it will remain suspended at it’s present depth.  If the buoyant force is less than the objects weight, it will sink.
 
The buoyant force is always present whether the object floats sinks or is suspended in a fluid.




id
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Presenter
Presentation Notes
Video



Relative Weights

HDPE
γ = 60  lbs/ft3

γ = 62.4 lbs/ft3

WATER

γ = 150 lbs/ft3 γ = 490 lbs/ft3

CONCRETE STEEL

Presenter
Presentation Notes
So let’s look at the propensity of common pipe materials to float.

Most plastics have roughly the same density of water, just slightly less.

Concrete density is roughly 2 times that of water, and steel density is roughly 7.5 times that of water.

So if you drop a rod of plastic in the water it will float.  If you drop a rod of concrete or steel in the water they will sink.

Of course, we are not dealing with solid rods, but with pipes that in many instances may be empty.



Presenter
Presentation Notes
They have the concrete canoe competitions every year right?  As we just talked about, a block of concrete would sink in a fluid, but a hollowed out concrete canoe will float because of all of the empty space within it
.
Remember….. objects just need to have a greater ratio of empty space to mass than the fluid.






Pipe Weights

48” PIPE

WATER           CONCRETE           HDPE               STEEL
W =1145 lb/ft      W =  867 lb/ft       W = 26 lb/ft       W = 48 lb/ft

V = 18.35 ft3/ft

62.4 lb/ft3

Presenter
Presentation Notes
So if you have an empty pipe, it is not just the density of the pipe wall material that matters, but we must also consider the weight of the water that it will displace- that is the buoyant force!

If we take a 48 inch diameter concrete pipe with a wall thickness of 5 inches, it would displace a volume of 18.35 cubic feet/ft.  Multiplying that by the unit weight of water results in a weight of 1,145 lb/ linear foot.  For the sake of this simple comparison, we are going to assume this is buoyant force for all the materials, Admittedly, plastic and metal pipes would not displace quite as much volume.

A 48 inch HDPE pipe would weight roughly 26 lbs/ft.  Compared to the 1145 lbs/ft of water weight it displaces (assuming the pipe was sealed, empty and no soil above it) then it would definitely float.  

A steel pipe weighs roughly 48 lb/ft, so it is pretty obvious, that under the same circumstances of nothing inside the pipe and nothing above it, it would float as well.

For that matter, even an empty concrete pipe would float.



Rigid Rugged Resilient12

Poll Question #2



Flotation Calculation

γ = 120 lbs/ft3

Soil Resistance + Pipe Weight – Buoyancy Force > 0.0

Presenter
Presentation Notes
Of course, we are talking about buried pipe today, so we have the benefit of a soil load above the pipe to help hold it down.  Thus, we only need to worry about pipe flotation when the pipe is buried under shallow covers.  However, as engineers it is up to us to determine how shallow a pipe can be buried before flotation becomes a concern.

So we can balance some of the buoyancy force attempting to push the pipe up, with the vertical soil load pushing the pipe down.




Microstructure of Soil

Presenter
Presentation Notes
We all know that soil has voids, and that those voids can be filled by either air or water.  If a pipe is buried in soil where the only material within the voids is air, then there is no concern with the potential for pipe floating.  However, if the voids are filled with water, then the pipe than has an upward buoyancy force.  Additionally, the soil itself imposes less of a downward force because of the buoyancy effect on it.




Buoyant Weight of Soil

γb = γt - γw

• γt = saturated unit weight of soil (pcf)
• γw = unit weight of water (pcf)

Presenter
Presentation Notes
If the voids in the soil are filled with water, then the soil itself experiences a buoyancy force.

 b = (t/1+e)(SG – 1)
b = buoyant unit weight of soil (pcf)
SG = specific gravity
e = void ratio




Presenter
Presentation Notes
What a mess!



Methods of Calculating Soil 
Resistance for Buoyancy

Presenter
Presentation Notes
Now that we understand the elements, lets look at a couple of different ways to evaluate pipe installations.




Methods

1 - American Concrete Pipe Association 
(ACPA) Design Data (DD) 22

Presenter
Presentation Notes
Now that we understand the elements, lets look at a couple of different ways to evaluate pipe installations.

The first method is outlined in DD 22 – often referred to as the column method.



Methods

2 - Watkins/Moser (W/M) 
Utah State

Presenter
Presentation Notes
Second method is the Watkins/Moser from Utah State.

This method is a little less conservative….a little history about Watkins, above is a photo him teaching pipeline students at UT Arlington.

The pipeline engineering profession owes much to Dr. Reynold K. Watkins, …….shortly after graduating from Massachusetts Institute of Technology (MIT) with a master’s degree. Inspired by his Professor John Benson Wilbur, who was a consultant for the design of the Cape Cod bridges, his early aspirations revolved around designing bridges. However, the nation was still recovering from World War II, and bridges were of low priority, so he joined the faculty of Utah State Agricultural College, where the emphasis was on water distribution in the arid Great Basin. Beside his teaching assignments, he was asked to assess irrigation canals and found that canals lost a third of the flow per mile due to evaporation, percolation, plants along the banks, and rodent burrows. Even more depressing was the loss of children who drowned in irrigation ditches. Could pipes reduce the losses? He took a sabbatical leave to study buried pipes under Merlin Grant Spangler at Iowa State College. He completed his Ph.D. in 1957.

A. P. Moser is a Fellow and Life Member of ASME. He has served on committees of the Transportation Research Board and is an Emeritus Member of the Culverts and Hydraulic Structures Committee. He is a Life Member of American Water Works Association (AWWA). Emeritus Associate Dean and Emeritus Professor of Mechanical and Aerospace Engineering of Utah State University, Dr. Moser is heavily involved in establishing piping specifications and regulations.




Required Information

Do

Do

γt = Saturated 
unit weight of 
soil (pcf)

H

Hw

Presenter
Presentation Notes
For both methods we are going to need to know:  

t = saturated unit weight of soil (pcf)
H = height of soil cover (ft)
Do = outside diameter of the pipe (ft)
Hw = Depth to water table (ft)





ACPA DD 22

Rs = Ws = PL = γb
Do (4 - π)

8
H + Do

Equation 4 – Concrete Pipe Design Manual

0.1073 Do

Presenter
Presentation Notes
I’ve also heard this referred to as the column method.

Prism Load over the pipe.




Watkins/Moser

Rs = PL + 2 X 

2X = [(H + Do/2)2 tan(45 - φ/2)]γb

φ = internal angle of friction

X X

θ = 45 - φ/2

θ

Presenter
Presentation Notes
Soil Resistance = Rs



Watkins/Moser

Rs = PL + 2 X 

2 X = [(H + Do/2)2 tan(45 - φ/2)]γb

φ = internal angle of friction

X X

θ = 45 - φ/2

Presenter
Presentation Notes
NOTE: This book is available on-line free of charge for ASCE Members through Access Engineering 

Source:

Buried Pipe Design, Third Edition
A. P. Moser
Steven Folkman
ISBN: 
9780071476898
Publication Date & Copyright: 
2008
 
2001
 
1990
 
The McGraw-Hill Companies, Inc.
New material and updated codes and standards makes this edition a must-have for those working with buried pipe systems. Buried Pipe Design identifies and explains everything you need to know to confidently design, install, replace, and rehabilitate buried pipe systems. Written by an industry expert with both industrial and academic credentials,…




www.asce.org/accessengineering/
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https://www.asce.org/accessengineering/
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Poll Question #3
Which method accounts for a larger 
value for the soil resistance?  

a. ACPA DD 22/ Column Method
b. The Bar Method 
c. Watkins & Moser Method
d. The Numerical Method



Factors of Safety

Rigid Rugged Resilient

Presenter
Presentation Notes
Let’s talk a bit about factors of safety before we get into some example problems.

In some instances we are going to find that the downward force of the soil is going to offset the buoyant forces.  We know that soils can vary significantly over a jobsite- how much variability is there?   In other instances, the weight of the structure will be enough to offset the buoyant forces.  The structure weight should be less variable, right? 

So as we analyze our designs for flotation potential, what is appropriate to use for a factor of safety? 
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Factors of Safety -
Geotechnical Engineering –
LRFD Bridge Substructures

Slope Stability 1.3 to 1.5
Foundation Bearing Capacity  2 to 3
Foundation Sliding  1.5+
Foundation Overturning 2.0+

Presenter
Presentation Notes
Lets look to our structural engineer and geotechnical engineer friends for some guidance in terms of structures.

In my experience with bridge and structure design, we are typically spending more time and money on the geotechnical studies than other projects such as subdivision design. So although we use these as a comparison, we need to take into account how much reliable information we have to base our decisions and our designs on.




ACPA DD 22 - Factors of Safety -Guidance

Presenter
Presentation Notes

Josh, can you help us understand what we might typically see for factors of safety for floatation?  (Depending on the extent of our information on the proposed backfill material, site condition and even staging, a factor of safety ranging between 1.0 and 1.5 should be applied.  Generally if the weight of the structure is the primary force resisting flotation, then a FS of 1.0 is adequate.  However, if soil friction or soil cohesion are the primary forces resisting flotation, then a higher safety factor would be more appropriate to account for the variability of soil properties.)

Thank you Josh.  

I wanted to point out in this picture we appear to have an interim condition where most of the infrastructure is in place, you can see the curb and gutter and inlet there.  Inadvertently when we install pipe we end up with a temporary “bath tub” condition.  A trench is excavated, in my area of the world often times the existing soils are clay and we bed and backfill with a much more permeable soil or aggregate, creating this bath tub that we put a pipe into.  As we work through designing a project, we need to be mindful of this bath tub condition as it relates to phasing and construction techniques,  for example are we jetting those trenches to achieve consolidation?  Is this an emergency access during construction?





2
9

Presenter
Presentation Notes
What would we choose for a factor of safety for this situation?



Example: RCP

• Buoyancy Force

• Soil Resistance

• Factor of Safety 
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Do = 58 inches = 4.833 Ft

Di = 48 inches

1 Ft

Assume ground 
water level is at 
the surface

γt =  120 pcf  
φ = 30 deg

Existing 
Ground 
Surface

Given:

RC Pipe Weight = 
Wp = 867 lb/ft

Presenter
Presentation Notes
Weight of the pipe is obtained from the Concrete Pipe Design Manual (from page 85).

A soil unit weight of 120 pcf for saturated soil is a little on the light side, but it doesn’t hurt to be a little conservative when performing flotation checks.
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Do = 58 inches = 4.833 Ft

Is flotation a 
concern?

RC Pipe Weight = 
Wp = 867 lb/ft

Weight of Water 
Displaced = 
Ww = π (do/2)2 γw
Ww = 1,145 lbs/ft

BF = - 278 lb/ft

Presenter
Presentation Notes
 



ACPA Method Concrete Pipe

Rs = Ws = PL = γb
Do (4 - π)

8H + Do

Equation 4 – Concrete Pipe Design Manual

Rs = (120 – 62.4) 
4.833 (4 - π)

8
1 + 4.833

Rs = 423 lbs/ft

What is the Soil 
Resistance?



Watkins/Moser Method Concrete 
Pipe

Rs = PL + 2 X 

2 X = [(H + Do/2)2 tan(45 - φ/2)] γb

X X

θ = 45 - φ/2

θ

2 X = [(1 + 4.833/2)2 tan(45 - 30/2)] (120-62.4)

Rs = 423 + 388 = 811 lbs/ft 

What is the Soil 
Resistance?



Results

ACPA  Method 
• Net force = (BF x FS) + Rs

• = (-278 x 1.25) +  423 = 75 lbs

Watkins/Moser Method 
• Net force = (BF x FS) + Rs

• = (-278 x 2.0) + 811 = 255 lbs

Presenter
Presentation Notes
   



RCP Results

Method Buoyancy 
Force, BF 

(lbs/ft)

Soil 
Resistance 
Rs (lbs/ft)

Factor of 
Safety, 

FS

Net 
Force 
(lbs/ft)

ACPA -278 423 1.25 75

W/M -278 811 2.0 255
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Poll Question #4



Example: CMP

• Buoyancy Force

• Soil Resistance

• Factor of Safety 
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Do = 49 inches = 4.08 Ft

Di = 48 inches

1 Ft

Assume ground 
water level is at 
the surface

γt =  120 pcf  
φ = 30 deg

Existing 
Ground 
Surface

Given:

CM Pipe Weight =
Wp = 48 lb/ft

Presenter
Presentation Notes
 Weight of the pipe is obtained from the Corrugated Steel Pipe Design Manual.  Depending on the coating type on the pipe, this value will probably be a little higher.
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Do = 49 inches = 4.08 Ft

Is flotation a 
concern?

CM Pipe Weight = 
Wp = 48 lb/ft

Weight of Water 
Displaced
Ww = π (do/2)2 γw
Ww = 817 lbs/ft

BF = - 769 lb/ft

Presenter
Presentation Notes
 




ACPA Method Metal Pipe

Rs = Ws = PL = γb
Do (4 - π)

8H + Do

Equation 4 – Concrete Pipe Design Manual

Rs = (120 – 62.4) 
4.08 (4 - π)

8
1 + 4.08

Rs = 338 lbs/ft

What is soil 
resistance?



Watkins/Moser Method Metal Pipe

Rs = PL + 2 X 

2 X = [(H + Do/2)2 tan(45 - φ/2)] γb

X X

θ = 45 - φ/2

θ

2 X = [(1 + 4.08/2)2 tan(45 - 30/2)] (120-62.4)

Rs = 338 + 307 = 645 lbs/ft 

What is soil
resistance?



Results Metal Pipe

Method Buoyancy 
Force, BF 

(lbs/ft)

Soil 
Resistance 
Rs (lbs/ft)

Factor of 
Safety, 

FS

Net 
Force 
(lbs/ft)

ACPA -769 338 1.25 -623

W/M -769 645 2.0 -893



Example: HDPE

• Buoyancy Force

• Soil Resistance

• Factor of Safety 
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Do = 54 inches – use 51”= 4.25 Ft

Di = 48 inches

1 Ft

Assume ground 
water level is at 
the surface

γt =  120 pcf  
φ = 30 deg

Existing 
Ground 
Surface

Given:

HDPE Pipe Weight = 
Wp = 26 lb/ft

Presenter
Presentation Notes
Weight of the pipe is calculated based on wall area.

It is a corrugated pipe, so use ID + wall thickness instead of ID + 2 x wall thickness.

Corrugated Plastic Pipe Drainage Handbook for their method of flotation design.
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Do = 51 inches = 4.25 Ft

Is flotation a 
concern?

HDPE Pipe Weight = 
Wp = 26 lb/ft

Weight of Water 
Displaced
Ww = π (do/2)2 γw
Ww = 885 lbs/ft

BF = - 859 lb/ft

Presenter
Presentation Notes
 



ACPA HDPE Pipe

Rs = Ws = PL = γb
Do (4 - π)

8H + Do

Equation 4 – Concrete Pipe Design Manual

Rs = (120 – 62.4) 
4.25 (4 - π)

8
1 + 4.25

Rs = 356 lbs/ft



Watkins/Moser HDPE Pipe

Rs = PL + 2 X 

2 X = [(H + Do/2)2 tan(45 - φ/2)] γb

X X

θ = 45 - φ/2

θ

2 X = [(1 + 4.25/2)2 tan(45 - 30/2)] (120-62.4)

Rs = 356 + 325 = 681 lbs/ft 



Results HDPE Pipe

Method Buoyancy 
Force, BF 

(lbs/ft)

Soil 
Resistance 
Rs (lbs/ft)

Factor of 
Safety, 

FS

Net 
Force 
(lbs/ft)

ACPA -859 356 1.25 -717

W/M -859 681 2.0 -1037





Comparison – ACPA Method

48” Pipe 
Type

Buoyancy 
Force, BF 

(lbs/ft)

Soil 
Resistance 
Rs (lbs/ft)

Factor of 
Safety, 

FS

Net 
Force 
(lbs/ft)

HDPE -859 356 1.25 -717

CMP -769 338 1.25 -623
RCP -278 423 1.25 75



Comparison – W/M Method

48” Pipe 
Type

Buoyancy 
Force, BF 

(lbs/ft)

Soil 
Resistance 
Rs (lbs/ft)

Factor of 
Safety, 

FS

Net 
Force 
(lbs/ft)

HDPE -859 681 2.0 -1037

CMP -769 645 2.0 -893
RCP -278 811 2.0 255



How Much Fill For a 48 Inch Pipe?
Pipe Type

Method RCP CMP HDPE

ACPA 0.8 ft. 3.7 ft. 4 ft.*

M/W 0.5 ft. 2.8 ft. 3.0 ft.

*For plastic pipe, a good rule of thumb is fill height equal to pipe diameter.

Presenter
Presentation Notes
In general terms what are we looking at for cover requirements.



ACPA Min Fill to Avoid Flotation
Pipe 

Size (in)
Min. 

Fill (ft)
Pipe 

Size (in)
Min. 

Fill (ft)
Pipe 

Size (in)
Min. 

Fill (ft)
21 0.1 42 0.6 78 1.5

24 0.1 48 0.8 84 1.7
27 0.2 54 0.9 90 1.9
30 0.3 60 1.1 96 2.0
33 0.3 66 1.2 102 2.2

36 0.4 72 1.4 108 2.4



48”RCP Results
Shape Buoyancy 

Force, BF 
(lbs/ft)

Soil 
Resistance 
Rs (lbs/ft)

Factor of 
Safety, 

FS

Net 
Force 
(lbs/ft)

Elliptical -226 471 1.25 188

Circular -278 423 1.25 75

Presenter
Presentation Notes
The elliptical pipe actually does a little better with buoyancy than does the circular pipe.
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Poll Question #5



Presenter
Presentation Notes
I also wanted to touch on buoyant forces as it relates to culverts.

This is something I see a lot in my mid-west market, where light weight culverts are installed without any substantial armoring at the ends.  This drives me a bit nuts!  I suspect some of these are not designed but caused to happen by folks without knowledge about pipe materials and potential problems this can cause when we have substantial rains. It appears our weather is becoming less predictable.  �More and more short duration, high intensity storm events.
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Source: FHWA HDS 5

Presenter
Presentation Notes
FHWA Hydraulic Design 5 document defines Flotation as the term used to describe the failure of a culvert due to the tremendous uplift forces caused by buoyancy. The buoyant force is produced when the pressure outside the culvert is less than the pressure in the barrel. This occurs in a culvert in inlet control with a submerged upstream end. 
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Presenter
Presentation Notes
Buoyancy forces on a flexible pipe.



Building Resilience Reputation and 
Rapport 60

Presenter
Presentation Notes
The phenomenon can also be caused by debris blocking the culvert end or by damage to the inlet. 



Presenter
Presentation Notes
The resulting uplift may cause the outlet or inlet ends of the barrel to rise and bend. Occasionally, the uplift force is great enough to dislodge the embankment. Generally, only flexible barrel materials are vulnerable to failure of this type because of their light weight and lack of resistance to longitudinal bending. 


Notice that the ends of this cross-culvert have very little if any armoring….there is a reason for end walls and substantial materials.  



Source: FHWA HDS 5

Presenter
Presentation Notes
A number of precautions can be taken by the designer to guard against flotation and damages due to high inlet velocities. Large skews under shallow fills should be avoided. This is an example of slope paving around a mitered inlet. 
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Source: FHWA 
HDS 5

Presenter
Presentation Notes
Steep fill slopes which are protected against erosion by slope paving help inlet and outlet stability.





Anchors

Rigid Rugged Resilient

Presenter
Presentation Notes
When these precautions are not practical or sufficient, anchorage at the culvert ends may be the only recourse. Anchorage is a means of increasing the dead load at the end of a culvert to protect against flotation. Concrete and sheet pile cutoff walls and headwalls are common forms of anchorage. The culvert barrel end must be securely attached to the anchorage device to be effective. Protection against inlet bending, inlet warping and erosion to fill slopes represent additional benefits of some anchorage techniques. 





65

Building Resilience Reputation and Rapport

Presenter
Presentation Notes

Bryan Rempt in Iowa was kind enough to share this video showing a resilient installation.

You can see gravel road that is acting like an impoundment, backing up a considerable amount of water.  Not a lot of cover over those pipes, and even against such significant forces the installation remains intact.  

Good design makes for safe, resilient infrastructure.
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Poll Question #6



The End
jbeakley@concretepipe.org

Jennifer.Schaff@countymaterials.com
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Water Table Not up to the Surface

HwH

Presenter
Presentation Notes
The previous serious of examples included the water table to the surface.  Now let’s take a look at an example where the water table is not up to the surface of the ground. 
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Do = 67 inches – use 63.5” = 5.29 Ft

Di = 60 inches

3 Ft

γt =  130 pcf  
γd = 110 pcf

Existing 
Ground 
Surface

Given:

HDPE Pipe Weight =
Wp = 62 lb/ft1.5 Ft

Presenter
Presentation Notes
Pipe weight calculated from producer’s dimensions.
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Do = 5.29 Ft

Is flotation a 
concern?

HDPE Pipe Weight = 
Wp = 62 lb/ft

Weight of Water 
Displaced
Ww = π (do/2)2 γw
Ww = 1373 lbs/ft

BF = - 1311 lb/ft

3 Ft

1.5 Ft

Presenter
Presentation Notes
 



Water Table Not up to the Surface

Hw

H

What is soil 
Resistance?

Net Force = (BF x FS) + Rs
= (-1311 x 1.25) + Rs 
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Presenter
Presentation Notes
Three different conditions and associated equations.  The first equation here on slide 21, only they simplified the calculation for the upper haunches of the pipe and convert it to psi for use in the plastic pipe design equations.



Calculation of Soil Resistance

Rs = (γt - γw) 
Do (4 - π)

8
Hw + Do + γd (H – Hw)(Do)

Rs = (130 – 62.4) 
5.29 (4 - π)

81.5 + 5.29 + 110 (3 – 1.5)(5.29)

Rs = 739 + 873

Rs = 1612 lbs/ft



Results HDPE Pipe

Method Buoyancy 
Force, BF 

(lbs/ft)

Soil 
Resistance 
Rs (lbs/ft)

Factor of 
Safety, 

FS

Net 
Force 
(lbs/ft)

ACPA -1311 1612 1.25 -27



Floatation of Horizontal Elliptical 
Concrete Pipe
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1 Ft

Assume ground 
water level is at 
the surface

Existing 
Ground 
Surface

Given:

38 x 60 H.E. RCP

Presenter
Presentation Notes
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1 Ft

Assume ground 
water level is at 
the surface

Existing 
Ground 
Surface

Is Flotation a
Concern?

γt =  120 pcf  
φ = 30 deg

RC Pipe Weight =
Wp = 1000 lb/ft

Presenter
Presentation Notes
 Weight of the pipe is obtained from the Concrete Pipe Design Manual.
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Presenter
Presentation Notes
Table of Elliptical Pipe Weights from the ACPA Concrete Pipe Design Manual.
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1 Ft

Assume ground 
water level is at 
the surface

Existing 
Ground 
Surface

Is Flotation a
Concern?

RC Pipe Weight = 
Wp =1000 lb/ft

Area of Water 
Displaced = 19.64 ft2

Weight of Water 
Displaced = 
Ww = 1,226 lbs/ft

BF = - 226 lb/ft

Presenter
Presentation Notes
Weight of the pipe is obtained from the Concrete Pipe Design Manual.

Area of Water displaced was calculated specifically for this webinar, and the results are shown on the following slide.




Areas of Elliptical Pipe for Buoyancy Purposes

Size 
(in)

Flow 
Area 
(ft2)

Total 
Area 
(ft2)

Size 
(in)

Flow 
Area 
(ft2)

Total 
Area 
(ft2)

24 x 38 5.10 8.02 63 x 98 34.6 50.66
27 x 42 6.33 9.55 68 x 106 40.1 58.14
29 x 45 7.36 11.44 72 x 113 46.1 66.38
32 x 49 8.78 13.58 77 x 121 52.4 75.70
34 x 53 10.2 15.58 82 x 128 59.1 84.09
38 x 60 12.9 19.64 87 x 136 66.4 93.62
43 x 68 16.7 25.02 92 x 143 73.9 103.95
48 x 76 20.5 30.49 97 x 151 82.1 114.74
53 x 83 24.8 36.5 106 x 166 99.2 138.81
58 x 91 29.4 43.05 116 x 180 118 164.76



What is the Soil 
Resistance from
the Upper 
Haunch?

Rise = 38 in Span = 60 in Wall = 5.5 in

Y = 38 + 2(5.5) = 49 in X = 60 + 2(5.5) = 71 in

Rect. Area = X*Y = (49 x 71)/144 = 24.16 ft2

Pipe Area = 19.64 ft2

Upper Haunch Area = (24.16 – 19.64)/2 = 2.26 ft2

Soil Weight from Upper Haunch = 2.26 ft2 x 1 ft x (120 – 62.4) = 130 lbs/ft

Presenter
Presentation Notes
The calculation for haunches of soil is not the same for an elliptical pipe as it is for a circular pipe.

Circular pipe = [OD2*(4 – π)]/8

For elliptical pipe, we will subtract the area of the pipe from the area of the rectangle surrounding it, and divide it by two to get the area of the upper haunches.



ACPA Method Concrete Pipe

What is the Soil 
Resistance from 
the soil prism 
above the 
crown?

Rs = Upper Haunch + Rectangular Soil Prism

Rs = 130 lbs/ft + 1 ft x (71/12) x (120-62.4)

Rs = 471 lbs/ft



48”RCP Results
Shape Buoyancy 

Force, BF 
(lbs/ft)

Soil 
Resistance 
Rs (lbs/ft)

Factor of 
Safety, 

FS

Net 
Force 
(lbs/ft)

Elliptical -226 471 1.25 188

Circular -278 423 1.25 75

Presenter
Presentation Notes
The elliptical pipe actually does a little better with buoyancy than does the circular pipe.



Areas of Arch Pipe for Buoyancy Purposes

Size 
(in)

Flow 
Area 
(ft2)

Total 
Area 
(ft2)

Size 
(in)

Flow 
Area 
(ft2)

Total 
Area 
(ft2)

18 x 281/2 2.8 4.5 54 x 88 25.6 37.9
221/2 x 
361/4

4.4 7.0 62 x 102 34.6 50.4

265/8 x 
433/8

6.4 9.8 72 x 115 44.5 64.5

315/16 x 
511/8

8.8 13.2 771/2 x 
122

51.7 73.5

36 x 581/2 11.4 17.2 871/8 x 
138

66.0 93.5

40 x 65 14.3 21.2 967/8 x 
154

81.8 115.4

45 x 73 17.7 26.5 1061/2 x 
1683/4

99.1 131.2



Flowable Fill

x

A = ½ ro
2 (θ - sin θ)

θ = invcos[(ro – x)/ro] 2

θ

Presenter
Presentation Notes
With its higher unit weight, flowable fill has a higher buoyancy force.  Thus, you should be cautious when installing it in flowable fill.






Flowable Fill

• Using γff = 130 pcf 
• Maximum depths of flowable fill

• HDPE pipe – 2 to 3 inches
• CMP pipe – 3 to 4 inches
• RCP pipe – approximately 40% of Do
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The End
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