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THE ACPA LOGO

The ACPA's logo, known as the roundel,
was designed to be representative of our
members' products and the markets we
represent.
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THE INDUSTRY IS EVOLVING.
WE ARE, TOO.

With growing communities, changing regulations, and more frequent
storms, the demands on and for our products have changed. So we
changed with it
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THE RESILIENT CHOICE.

Resiliency is the ability of infrastructure systems to absorb disturbance and still
Jsetain their basic function and structural capacity, and no other product in its
class is as resilient as concrete pipe or box culverts. Whether it be during a

storm, fire, or other disaster, communities rely on concrete pipe to keep their -~
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infrastructure, ecosystems, and social systems in tact.

THE SUSTAIN_ABLE CHOICE.

When.it comes to systainability, concrete pipe is the only choice. You want to
build safe, resilient, susiainanle.'Iong-lasling. and cost-effective infrastructure.
So do we. Along with our members, the American Concrete Pipe Association
advocates on local, state, and national levels for legislation that drives
investment into our nation’s infrastructure
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ASSETS IN CRITICAL
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Assets in Critical
Locations

BOX CULVERTS &
ACCELERATED PRECAST
CONSTRUCTION

TREVOR MCDONALD, P.E.
MOUNTAIN STATES DIRECTOR, ACPA TUESDAY, JANUARY 10TH
JASON ALLEN, P.E. 12:00PM - 1:00PM CT
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TECHNICAL RESOURCES
Find design, installation, inspection, and
standards for your project.

Learn More
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QCAST
Access QCast information including plants,
manuals, and the application.

Learn More
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Flotation of Circular Concrete Pipe

possibity

L even though

the density of ‘water. Some of

areas which wilbe inundated, such as a flood p

the use of flaoding

Flotation Factors

“The buoyancy of concrete pipe depends upon the weight of the
pipe, the weight of the volume of waler displaced by the pipe, the
weight of the iquid load cartied by the pipe and the weight of the
backil. As a conservative practice in analysis, the fine should be
considered emply 5o the weight of any future liuid load is then
an additonal safety factor.

Design Procedure

A suggested seven stop logical procedure s presented for
etermining the degres of buoyancy of an empty concrete pipeline
and possible measures needed 1o prevent flotation. Downward
forces are considered posilive and upward forces are considered
ngalive.

1. Determine the dovinward force of the pipe weight n
pounds per inear foot of pipe.

2. Determine the bouyant upward force of the weight of
the displaced water n pounds per finear 100t of pipe.
3. Find the algebraic sum of the forces determined in
Steps 1.and 2. f the resultantforce s posilive, the pipe
will not float It rosultant force i nagaive, praeed
with Step 4

4. Determine the downward force of the total weight of
backiilin pounds per linear footof ipe.
5. Apply a factor o safety 1o determine the decreased
total welght of backfi
6. Find the algebraic sum of the downviard force.
determined in Step 5 and the excess upward force
determined in Step 3. Ifthe resultantforce s posive,

the pipe willnot float If th resultantforce s nagative,

proceed with Step 7.
7. Select and analyze the procedures to be used to
prevent fltation.

Preventive Procedures

If the total weight of the pipe and backfil is not adequate to
prevent flotation of the pipe, _preventalive non-flotation
procedures, such as addiional backil, mechanical anchorage,
heavier pipes, or combinations of these would be required.
Some of the commonly used methods are:
1.Increased wall thickness.
2.Precast or castin-place conerete collars.
3.Precast or castin-place concrete blocks, fastened by sutable
4.Pipe strapped to ples or concrete anchor siab.
5. Additional backfi.
When computing the volume of concrete required per finear
foot forpipe anchorage, remember that concrete, which
weighs 150 pounds per cubic foot in air, weighs only 87.6.
pounds per cubic oot under water.

Factor of Safety

lack of uniformty.
formaion of the proposed backfl materil and ste
clorof safely ranging betwicen 1.0 and

1
the downward force of the backfl. Generaly, f the weight of e

1.0is adequate. However,  ficton or cohesion are the primary forces:
rosisting flotation, then a higher safety factor would bo moro.
appropriate o account forthe variablty of the solproperte.
onsideraion must also be given o the inerface between

layers ofdifering soi types. I fine rained sol's (such 25 clays.
orsils) are laced adjacont 0 coarso grained sals (such as

he loss in voume. Increased facor of safety in combination
with layer separation methods are recommended.
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T The wieight of the backTIdrectly over the pipe assisis in holding
the pipe down. The unit weight of compacted backfil materialvaries
with specic graviy, the grain size, and the degree of compaction.
For preliminary computations,

however, average values for dry d
backil materiais are of suffcient ace}

“The unit weight of inundated backfl
the backfil minus the weight of water displaced by the solid
particles, and can be calculated with the equation
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LEARNING CENTER
Webinars, workshops, seminars, PDHs,
and more with these education resources
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See what is happening at the ACPA from
webinars to in-person events.
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BUILD FOR

BUILD WITH

REGIONAL INFORMATION
Find an engineering contact or a state
association that can help.

PRESS & MEDIA
Find out what is going on with the ACPA or
reach oul for media information.

are key to making
infrastructure resilient against the impact of climate
change and extreme weather events for today and

tomorrow’s generations

concretepipe.org/
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which reduces to

e gl 2]

where:
i = average unitweight of inundated backfil in pounds per
cubic oot
w = average unit weight of dry backiil in pounds per cublc
foot

SG = speifc gravy of backil o
Figure 1 ilustrates the backfil over the pipe and the different k
el e corslaea T P o hackt s s
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01073 tmes B.2cubic fet pernear fooof pipe. The voume of \

backfl from the op of the pipe o the level o inundaion Q

quals H, times B. cubic feot per inear footof pie.
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