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This guide discusses the use of pumps for transporting and placing
concrete. Rigid and flexible pipelines, couplings and other acces-
sories, and the various types of concrete pumps are discussed.
The importance of proportioning a pumpable concrete mixture
is emphasized with reference to sources for further direction on
its design. Evaluation of trial mixtures to ensure pumpability and
strength is encouraged. Of specific importance is a discussion on
the use of lightweight aggregates. Methods to saturate these aggre-
gates and provide a consistent moisture content are discussed.

Preconstruction planning for equipment placement and line
routing are emphasized. Discussions on achieving a consistent
mixture and its critical importance are also addressed.

Keywords: blockage; boundary layer; concrete pump; coupling; mixture
design; pipeline; placing boom; preprimed; pumpability; reverse pumping;
valve.
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CHAPTER 1—INTRODUCTION AND SCOPE

1.1—Introduction

Pumping concrete through metal pipelines by piston
pumps was introduced to the United States in Milwaukee,
WI, in 1933 (Ball 1933). This concrete pump used mechan-
ical linkages to operate, and usually pumped through pipe-
lines 6 in. (150 mm) or larger in diameter.

Many new developments have since been made in the
concrete pumping field. These include new and improved
pumps, truck-mounted and stationary placing booms, and
pipelines and hoses that withstand higher pumping pressures.
Pumps are available with maximum theoretical output capaci-
ties of over 250 yd*/h (190 m3/h). As a result of these innova-
tions, concrete placement by pumps has become one of the
most widely used practices of the construction industry.

The construction industry recognizes that concrete
pumping is useful when space for construction equipment is
limited. Cranes and hoists are freed up and other crafts can
work unhampered while pumping is in progress. Concrete
pumps are designed to deliver the best combination of
volume output and concrete line pressure possible.

How well the pump performs in an application depends
on many factors, both internal and external to the equipment
itself—for example, ambient temperature influences pump
performance. Pipe diameter, pumping direction both for
vertical and horizontal distance, and concrete mixture char-
acteristics also have an effect.

As construction designs and projects become more
sophisticated, such as requiring higher strength and greater
durability, concrete mixture design today is more complex
than what was traditionally placed (Putzmeister America,
Inc 2010; American Concrete Pumping Association 2007,
2010, 2011b).

Pumpability is one consideration the contractor can
request from the designer when specifying mixtures. Engi-
neered mixtures, using special materials and processing,
must consider design details including final strength, curing
characteristics, site conditions such as underwater place-
ment, material and handling expenses, flow characteristics,
delivery/placement, and sustainability impacts. In cases
where these features are in direct conflict, a compromise
or alternate solution is necessary. Given the popularity and
benefits of placement by pumping, it could become critical

There are many variables that could affect the successful
pumping of a mixture in an application, including the
specific requirements of a specific combination of materials,
equipment components, and installation circumstances, of
which several will be discussed in more detail in this guide.

This guide discusses concrete placement using the
pumping method and how it affects the supplied concrete
mixture when considering pumpability in mixture design,
and with the goal to obtain optimum concrete pumping
results.

1.2—Scope

This guide for concrete pumping discusses equipment
use, proper mixtures for good pumpability, and field prac-
tices. References cited provide more detailed information on
specific subjects. This guide does not address shotcreting or
pumping of nonstructural insulating or cellular concrete.

CHAPTER 2—DEFINITIONS

ACI provides a comprehensive list of definitions through
an online resource, “ACI Concrete Terminology”, https://
www.concrete.org/store/productdetail.aspx?ItemID=CT13.
Definitions provided herein complement that source.

boundary layer—thin coating of mortar fraction that
lines the inner pipeline wall during pumping.

degree of pumpability—the amount of resistance of
a specific concrete mixture to being pumped through a
delivery pipeline.

pumpability—capability of a specific concrete mixture to
being pumped through a delivery pipeline.

relative movement—ability of concrete components to
navigate small distances within the mixture and to position
differently compared to the other components.

stable concrete—concrete mixture that resists the
tendency to segregate.

CHAPTER 3—PUMPING CONCRETE

Pumped concrete moves as a cylinder riding on a thin
lubricating film of grout or mortar on the inside diameter
of the pipeline. Before pumping begins, the entire pipe-
line’s interior diameter must be coated with either grout
or a specialized commercial primer using the methods for
100 percent coating of the pipe walls as recommended by
the manufacturer. Once concrete flow through the pipeline
is established, the lubrication will be maintained as long
as pumping continues with a properly proportioned and
consistent mixture. A steady supply of pumpable concrete,
defined as a mixture that is capable of being pumped through
a hose or pipe, is necessary for satisfactory pumping (U.S.
Bureau of Reclamation 1981). A pumpable concrete, such as
conventional concrete, requires good quality control; that is,
it is uniform, has properly graded aggregate, and its mate-
rials are uniformly batched and mixed thoroughly.

3.1—Mixture component distribution
3.1.1 Boundary layer—From the concrete pump’s delivery

cylinder to the point-of-placement.end. hos oecuiments
efficient concrete pumping dep.ond: ¢h %B@Hﬁjl%t%ﬁaring Hub
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drag caused by the inside wall of the delivery vessel. One
suggestion is to have the inside wall continuously bordered
by a boundary layer that gives the least resistance to move-
ment as possible. At the start of each placement or “pour,”
to which it is sometimes referred, this boundary layer is
achieved by priming the line with a thin film of grout or
commercial primer. This coating provides a slicker surface
with lower frictional resistance for the mixture to glide along
than would a steel pipe or rubber hose.

To ensure that this low resistance-force action continues,
the mixture should have enough mortar content to maintain a
boundary layer between the body of mixture and the pipeline
wall. This is similar to the need for a certain level of work-
ability resulting from the mortar fraction when finishing
concrete.

A boundary layer allows the concrete mass to move
through the pipeline without the aggregates scraping the
pipe wall. If scraping occurs, the contact friction causes
resistance to pumping. The magnitude of the pumping resis-
tance depends on the aggregate, pipe wall composition, and
line pressure pushing the aggregate into the wall. This resis-
tance is somewhat self-perpetuating because the line pres-
sure increases the friction of the concrete being pumped,
which in turn increases the amount of pressure in the line.

The boundary layer also increases the useful life of the
pipeline. If the pipeline wall is not subjected to frictional
scraping, it is more likely to remain coated and less likely
to be worn down or damaged. This extends the amount
of material that can be safely pumped through it before a
replacement is needed.

3.1.2 Mortar content—In addition to the need for a
mortar-based boundary layer, the remaining concrete mass
also requires a minimum amount of mortar to transport effi-
ciently through the pipeline (Fig. 3.1.2). With a properly
proportioned mortar content, the concrete mixture will:

a) Provide enough mortar fraction to suspend the aggre-
gate during pumping, as well as facilitate finishing and
strength development.

b) Quickly achieve a preferred arrangement with all
components located in positions that best arranges them to
both physical and electrostatic attraction/repulsion charac-
teristics. This spatial arrangement remains intact unless it is
forced to change to navigate pipeline elbows and reducers.

c) Create a shear-style flow. Because concrete pumping
is not done completely through straight pipes of a constant
diameter, the mixture requires a relative movement of
components as it is transported through elbows and reducers.
A mixture with a low barrier to movement or low viscosity
will have the ability to change component locations more
easily through this shear-style flow. The components near
the pipe axis will flow faster than those closer to the pipeline
wall. In a high-viscosity mixture, relative movement and
component shifts are minimized, which could cause aggre-
gate/wall abrasion and frictional resistance. The objective is
to avoid working with a difficult mixture.

3.1.3 Fiber reinforcement—The addition of reinforcing
fibers binds up the components in the pipeline into a
preferred arrangement, effectively increasing the viscosity

American Concrete Institute — Copyrighted © Material — www.concrete.org
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Fig. 3.1.2—Mixture component spatial arrangement.

of the mixture. Their effect on pumpability is dependent on
how much the fibers restrict component shifting, and how
often they can penetrate the boundary layer and scrape the
pipe wall.

3.2—Disruptions to flow

3.2.1 Turbulence makers—Pipeline components can
interfere with the orderly flow of mixture, which can both
increase pressure needed to pump at the desired volume
output and decrease the useful life of the pipeline. Because
these disruptive sources can be found to some degree
between the delivery cylinder and delivery pipeline, if a
difficult mixture makes it through the first 20 ft (6.1 m) of
a delivery system, it has a greater chance of success from a
pumpability standpoint.

3.2.1.1 Elbows—The mixture has a momentum during
pumping that tends to carry the aggregate away from the
center of the pipeline and toward the outside wall of an
elbow. In addition, due to the increased surface area at the
outside radius, there is typically a decrease in the boundary
layer thickness at the outside radius and an increase in the
boundary layer at the inside radius. Deﬁndmg on the COIldl-

tions and mixture, the aggregate col Mm;elm ﬁ
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wall, causing it to either scrape the wall or twist enough to
leverage other aggregates into piercing the boundary layer.
3.2.1.2 Reducers—

a) Material cylinders: Pulling concrete into material
cylinders requires slow speeds because it is sucking in at
very low pressure and should avoid sucking in air; inefficient
delivery and compressible air can cause dangerous hose
whip at the boom tip. For slow-speed, high-volume output,
and cylinders short enough to fit on the truck, a larger diam-
eter is needed.

b) Pipeline: A smaller diameter is equal to higher pres-
sures, so use the largest diameter practical. A diameter of 5
in. (125 mm) is the most common on truck mounts, and 4 in.
(100 mm) or smaller on lay-down pipelines due to handling
of heavy/filled pipe sections. Reducing near the end creates
a backpressure of concrete in line and, thus, a more even
flow that does not increase pressure too much. Transition
from 8 in./11 in. (200 mm/280 mm) material cylinder down
to 5 in. (125 mm) pipeline is completed immediately: 1)
close to the source of hydraulic power; and 2) with practical
ease of supporting component filled with concrete, as the
delivery pipeline uses components that reduce the diameter
of the concrete. Because the area of the pipe cross section
decreases rapidly with restriction in diameter, the material
is being forced to move faster to transport the same rate of
output. This increases the shear frictional forces and the
pressure-related friction caused by aggregate penetrating
through the boundary layer. The net result is a much higher
required pumping pressure, localized component wear, and
the greatest potential for a pipeline blockage.

Because the mortar fraction of a mixture in transit is
constant, the percentage of a pipe’s cross section that makes
up the boundary layer has to be constant. In the smaller-
diameter pipe, this means the thickness of the boundary
layer has to decrease relative to the larger-diameter pipes
preceding it.

3.2.1.3 Gaps, dents, and edges—If any feature exists
within the delivery system, such as a hopper transition valve,
it will interrupt the continuous inner wall, the flow of the
boundary layer will be disturbed, and destructive turbulence
will occur. Gaps at pipeline connections, dents in pipes, and
exposed edges due to mismatches in pipe diameter all create
turbulence that will increase resistance to flow, which in turn
increases pumping power requirements, which will eventu-
ally result in the rapid removal of line component material
at or near that point.

3.2.2 Breakdowns and blockages—Concrete pumping is
only possible if the pipeline remains blockage-free and the
mixture remains stable (nonsegregating). Take the following
actions, proactively, to avoid problems in pumping:

a) The mixture must be designed, created, and delivered
with the proper components and proportions.

b) The pipeline must be properly prepared (primed) prior
to pumping.

¢) The delivery pipeline should always be watertight (leak-
proof) to avoid a loss of water or paste. Leaking clamps

the ring can no longer be removed by normal cleaning proce-
dures and will prevent proper priming at the next job site,
where blockages are likely to occur.

d) The mixture cannot be subjected to significant sources
of vibration, especially the mounting of a vibrator to the
hopper body.

e) Extended-length idle times or old batches should be
avoided.

CHAPTER 4—PUMPING EQUIPMENT AND
COMPONENTS

4.1—Piston pumps

The most common concrete pumps consist of a receiving
hopper, two concrete pumping cylinders, and a valving
system (4.2) to alternately direct the flow of concrete into
the pumping cylinders and, from there, into the pipeline
(Fig. 4.1). One concrete cylinder receives concrete from the
receiving hopper while the other discharges into the pipeline
to provide a relatively constant flow of concrete through the
pipeline to the placing area. Pistons in the concrete cylinders
create a vacuum to draw in concrete on the intake stroke
and mechanically push it into the pipeline on the discharge
stroke. These pistons are driven by a hydraulic system
that alternately directs the primary hydraulic oil flow to
the actively-pumping cylinder. This can be achieved using
either closed- or open-loop designs, and hydraulic or elec-
tronic switching. A closed-loop electronic-switching system
is capable of improved fuel efficiency, minimized heating
of the hydraulic fluid, and faster switch actuation. Primary
power is provided by diesel, gasoline, or electric motors.
The cost of concrete pumps, their maximum pumping
capacity, and their pressure applied to the concrete can vary
greatly. Components are sized to provide the desired volume
output and concrete pressure into the pipeline. Receiving
hoppers vary in size to match the volume output capacity of
the pump, and are usually equipped with agitators that assist
in mixture uniformity, giving the mixture an initial push
toward the intake cylinders.

These units are rated for a maximum theoretical volume
output in yd*/h (m*/h) based on the diameter and length of
concrete cylinders multiplied by the maximum available
frequency of pumping strokes. They are also rated for a
maximum pipeline pressure capability that is dependent on
the hydraulic system and power source used.

4.2—Valve types

4.2.1 Hydraulically-powered directional valves (Fig. 4.1)—
Although valve configurations can vary, all of them are oper-
ated hydraulically and control the flow of material between
material cylinders and the pipeline. They can crush or
displace aggregate that becomes trapped in the valve area.
The maximum size aggregate (MSA) that can be pumped
by these units is controlled by the diameter of the concrete
passages within the pump and the diameter of the pipeline
into which the concrete is being pumped (5.2.1). In nearly all

applications, the pump outlet port is larger octiments
less restrictive than the smaller piveline<t thgpoint aEplaess 5 iy g Hub
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Fig. 4.1—Piston pump and powered valve.

ment. Piston pumps with hydraulic powered valves perform
nearly all concrete pumping operations worldwide, handling
the broadest possible range of concrete mixtures that can be
pumped.

4.2.2 Ball valve concrete pumps (Fig. 4.2.2)—This type
of pump uses steel balls and mating seats to control the flow
of concrete from the hopper into the pumping cylinder and
out of the pumping cylinder into the pipeline. The ball is
forced into its seat by the concrete being pumped and has
limited ability to displace or break aggregate that could
be trapped in the valve area. Failure of the ball to seat will
result in loss of pumping efficiency. These units are limited
to pumping concrete with smaller than 1/2 in. (12.5 mm)
MSA. Because they are limited to small aggregate and lower
volume outputs, they are frequently used for small-scale
grouting and can pump through pipeline or hose as small as
2 in. (50 mm) in diameter.

4.3—Trailer pumps

Trailer-mounted pumps (Fig. 4.3) are available with a
wide range of output and pressure capabilities to match the
wide range of applications in which they are used. Their use
spans from small sidewalks to nearly 2000 ft (610 m) tall
skyscrapers, or anywhere horizontal or vertical pipeline can
be fixed into place. Once located on the job site, they are
self-contained units that generate their own pumping power
and weigh up to 24,000 Ib (11,000 kg). They do, however,
require another support vehicle for transportation between
sites, cleanout water supply, and storage of delivery system
components such as hose, pipe, and clamp.

4.4—Truck-mounted concrete pumps

4.4.1 City pumps (Fig. 4.4.1)—Some applications are
best served with the concrete pump mounted on a truck. The
power source for pumping can be from the chassis engine or
a dedicated separate engine. The intent of this machine style
is to combine a trailer-mounted unit with its supporting truck
for efficiency and the ability to fit onto congested job sites
that cannot support two vehicles. This model also supplies
the most flexibility and is the most frequent user of both rod
side (high output) or piston side (high pressure) hydraulic
cylinder configurations.

4.4.2 Concrete boom pumps (Fig. 4.4.2)—Some appli-
cations are not effectively able to fix a delivery line to the

American Concrete Institute — Copyrighted © Material — www.concrete.org
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Fig. 4.4.1—Truck-mounted city pump.

ground or a building and rely on a multiple-arm articulating
boom to support the pipeline. These booms vary in size and
are typically rated by their vertical reach in feet (meters) of
up to approximately 230 ft (70 m). b i s
is best described as a nearly -¢olierical dome that extends in
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Fig. 4.4.2—Truck-mounted boom pump.

all directions from the truck to the maximum reach. These
booms are also capable of reaching below grade into an
excavation site for foundation work. Most boom pumps
receive their pumping power from the truck engine with a
special gearbox. A few of them use a tractor/trailer arrange-
ment where the trailer contains the pumping equipment, as
well as a dedicated engine.

4.5—Separate placing booms

Separate placing booms (Fig. 4.5) are designed to be
removed from the truck and mounted on a special pedestal
located within the placement area. This boom and pedestal
combination is then designed to be used in high-rise, remote,
or barge-mounted placement applications, where it is often
mounted on top of tower sections in either a free-standing,
wall-supported, or inside (building) of self-climbing
configuration.

4.6—Specialized equipment

Concrete pumps and placing booms have been developed to
mount on concrete trucks. These units are capable of placing
the concrete mixed and transported in the truck that carries
them, and can also receive concrete from other concrete
trucks to complete a placement. These units usually have
the pumping capacities of small trailer pumps (Fig. 4.6(a)).
Concrete pumps have also been mounted on volumetric-
measuring continuous-mixing (VMCM) units that are also
known as mobile mixers. Power to operate the pump is
usually derived from the chassis engine (Fig. 4.6(b)).

4.7—Pipeline and accessories

Most concrete placed by pumping methods is pumped
through rigid steel tubing or heavy-duty flexible hose
called pipelines. Connections between segments should

requirements are met, the ability to permit rapid assembly
and disassembly of components at any joint is beneficial.
Various special-use accessories are available to customize
delivery line setups to fulfill numerous concrete placing
requirements. Accessories include elbows of varying degree
and radius, valves (shutoff and diversion type), reducers,
brackets, fabric and wire-reinforced hose, and cleanout
elements (Fig. 4.7). Careful handling of the pipeline during
assembly, cleaning, and dismantling will aid in lowering line
resistance by preventing the formation of rough surfaces,
dents in pipeline sections, and crevices in couplings.

Pipeline surface irregularity or roughness, diameter varia-
tions, and directional changes disturb the smooth flow of
pumped concrete (American Concrete Pumping Associa-
tion 2008). This results in increased pressure requirements
to push concrete through the pipeline and an increased
wear rate at those locations. Exposing long lengths of pipe-
line to direct sunlight or extreme hot or cold temperatures
can adversely affect the temperature of the concrete being
pumped. The pipeline should be shielded from these condi-
tions as necessary.

Vertical lines require 10 to 15 percent of the vertical
height as the starting point for horizontal line length, which
helps provide a stable base for the direction changes and line
movements (von Ekardstein 1983). It is common to use 3
vertical lines to 1 horizontal.

4.7.1 System pressure capacity—Increases in concrete
pump volume and pressure have greatly increased the
importance of using a suitable pipeline system to achieve
satisfactory results. All components of the system must
be able to handle the maximum internal pressure that the
concrete pump being used is capable of producing with an
adequate safety factor. Pipeline components are generally
rated according to both working pressure and ultimate or

burst pressure. The ratio of the burst presleOC\uﬂmlents
pressure constitutes the safety faciom A H&B&Pﬁefﬁfgﬁaring Hub
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