
Automated Construction?
Manufacturing has become highly automated — so why not building
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construction?

T ake a look at the products
you use every day. Tele-

phones, personal computers, the soft
drink you had with lunch-each was
probably manufactured in a highly
automated facility Fixed automation
and, more recently, flexible automa-
tion and robotics, have greatly
reduced the cost of many manufac-
tured products by reducing labor
requirements, increasing the speed
of production, and, in many cases,
improving quality and safety.

Now look at the building in which
you live or work. While many of
the components that make up this
building may have been manufac-
tured in automated facilities, the
building itselfwas most likely assem-
bled (constructed) using a great deal
of manual labor. Could the construc-
tion industry reap some of the bene-
fits of automation that have been
seen in manufacturing? Many peo-
ple, both in the U.S. and abroad,
think the answer is yes.

Terminology

The last decade has seen increased
interest in exploring the potential
uses of automation in construction.
Before examining the reasons for and
results of this interest, it is appropri-
ate to review some terminology,

Automation has been defined in
general terms as the replacement of
human labor by machinery. A more
specific definition in manufacturing
would be “a system or method in
which many or all of the processes
of production movement and
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

inspection of pans and materials are hardware. Examples of program-
automatically performed or con- mable automation include numeri-
trolled by self-operating machinery, cally controlled (NC) and computer
electronic devices, etc.” (Webster’s Dic- numerically controlled (CNC)
tionary). The more general interpre- machine tools. The former were
tation of automation will be used developed in the early 1950s; the
here, as it encompasses both auto- latter in the 1970s as minicomputers
matically and remotely controlled became more common. Another
devices. example of programmable automa-

This article focuses on automa- tion—the robot—is discussed in
tion of the physical aspects of con- greater detail below. A program-
struction processes. However, the mable system designed so that mod-
term automation is also used with ifications can be made without halt-
reference to information processing. ing the production process is often
In construction, this type of auto- referred to as a flexible manufactur-
mation is evidenced in such activi- ing system. This ability to change
ties as computer-aided design and the process “on the fly” means that
drafting, and the use of computers automation need not be limited to
for estimating, scheduling, and the production of high-volume
accounting.1 items.

Automated systems are frequently Systems in which operations are
classified according to the ease with modified based on input from sen-
which they can be adapted to meet sors are referred to as intelligent or
changing demands. fixed auto- adaptive automation. Among current
mation, the sequence of operation is topics of research in manufacturing
determined by the configuration of are the improved real-time monitor-
the system. Fixed automation has ing of processes (particularly tool
been used for many years; a com- wear) and the use of artificial intel-
monly cited early example is Jac- ligence to interpret sensor output
quard’s early nineteenth-century and modify operations accordingly.
mechanical loom, which was con- The current research in construc-
trolled by punch cards. Today, much tion automation is frequently
of the production of high-volume described as construction robotics.
items is accomplished with the use In the U.S., an accepted definition
of at least some fixed automation. of a robot is a “reprogrammable

Systems that use programmable multi-functional manipulator de-
automation can be more easily mod- signed to move material, parts, tools,
ified to accommodate a range of uses; or specialized devices, through vari-
the sequence of operation can be able programmed motions for the
reprogrammed, and appropriate performance of a variety of tasks”2

changes (usually in the form of tool- In some systems, known as teach-
ing or end effectors) made to the playback robots, reprogramming is
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accomplished by moving the mani-
pulator once through the required
sequence of motion. The system
automatically generates the instruc-
tions necessary to repeat the se-
quence. In other robots, program-
ming from a keyboard is possible.
As with other types of automation,
robots for which operation can be
modified based on sensor input are
referred to as adaptive or intelligent.

In Japan, a broader interpretation
of a robot has been adopted. It
incorporates teleoperated devices—
devices that are controlled remotely
by an operator rather than through
a preprogrammed series of com-
mands. Much of the work that has
been referred to as construction
robotics has actually concerned
teleoperated machines. To avoid con-
fusion, the more general term con-
struction automation will be used
here.

Benefits of Automation

What are the potential benefits of
automation in the construction
industry? The benefits are likely to
be similar, though not identical, to
the benefits of automation in
manufacturing. These commonly
include reduced labor requirements,
increased speed of production,
improved quality, improved safety,
reduced inventory, stabilization of
work-force requirements, reduction
in scrap, and improvement of com-
pany image.

Labor remains a large component
of the overall cost of a construction
project Construction labor is expen-
sive; hourly wages are higher than
those in most industries. In spite of
this, there is some concern over
potential labor shortages,3 with the
difficulty in attracting new workers
attributed to a post-baby boom
reduction in the number of entry-level
employees, and to the physically
demanding nature of the work.

Reduced labor requirements in con-
struction could therefore be an

important benefit of automation.
Automation could improve the

use ofanother construction resource—
time. Time is critical in construc-
tion; the importance of finishing a
job quickly is reflected in the use of
bonuses for early and penalties for
late completion. Even if labor costs
remained constant an automated sys-
tem that resulted in increased speed
of construction could be beneficial.

Following the lead of successful
Japanese competitors, many manu-
facturing firms in the U.S. have
begun to view improved quality
throughout the manufacturing proc-
ess as a way to improve overall pro-
ductivity. While it has been noted
that in construction “quality is gen-
erally considered quite acceptable, if
skilled craftsmen are available and
conformance standards are defined,”4

a shortage of skilled craftsmen and
inspectors would make it difficult
to maintain construction quality.
Automation could help maintain
consistent output over long periods
of time. Furthermore, the automa-
tion of inspection could help reduce
delays caused by a shortage of inspec-
tors. The result would be improved
quality in construction.

Finally, a major benefit of auto-
mation could be improved safety in
construction. Construction remains
one of the most hazardous ways to
earn a living. It has been estimated
that over six percent of total project
costs are due to construction
accidents.5 Automated machines
could limit the need for people to
work in hazardous environments.
Increased use of machines for tasks
requiring repetitive motion could
help reduce the incidence of cumu-
lative trauma disorder—an increas-
ingly significant cause of workman’s
compensation claims and OSHA
fines. In addition to improving pro-
ductivity through a reduction in the
rate of injury, improved construc-
tion safety could make the industry
more appealing to a shrinking labor

supply.

Because construction is a project-
based industry subject to large fluc-
tuations in demand, such factors as
reduced inventory and stabilization
of work-force requirements are likely
to be of less importance than they
have been in manufacturing. Reduc-
tion in scrap is also likely to have a
relatively small effect. The use Of
automated equipment could affect
company image, but, at least in the
U.S., the impact is likely to be small
relative to items that directly affect
the cost of a project. Reducing labor
requirements, increasing speed,
improving quality, and increasing
safety thus appear to be the most
important ways in which automa-
tion could improve construction
productivity.

Obstacles to Automation

The most serious obstacle to auto-
mation in construction is the com-
plex and changing environment of
the construction site. The physical
characteristics of the site vary from
day to day. Even the cleanest and
neatest of sites appears quite disor-
derly when compared with a typical
automated manufacturing facility.
Tools, material, and debris clutter
the workplace; obstacles are found
at different locations each day. A
machine that could autonomously
navigate even one floor of a typical
building while mechanical systems
were being installed would require
sophisticated sensing and path plan-
ning abilities.6

There are two main approaches
to dealing with the construction site
environment. The first is avoidance:
move as many of the processes as
possible to an environment that
more closely resembles a factory, and
then apply the types of automation
that have been successful in the fac-
tory environment. Examples of this
approach are given in the section
on prefabrication. The second
approach is to focus on partial auto-
mation, where the construction
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worker remains a vital part of the
process. Most of the so-called con-
struction robots developed to date
rely upon human operators for both
initial positioning and for control
during operation. This can help over-
come a second major obstacle to
automation: resistance from labor.

Labor in many industries has
traditionally been wary of attempts
to increase productivity through
automation. A recent study by the
National Academy of Sciences’ Panel
on Technology and Employment
concluded that “reductions in labor
requirements per unit of output
resulting from new process tech-
nologies have been and will con-
tinue to be outweighed by the bene-
ficial employment effects of the
expansion in total output that gen-
erally occurs.”7 However, these bene-
fits accrue to society as a whole,
not necessarily to those displaced by
a new technology. Workers and their
unions continue to fear that auto-
mation will result in a decrease in
employment opportunities, a deskill-
ing of remaining jobs, and a decline
in wages.

Can construction reap the
benefits of automation?

Keeping the human “in the loop”
can help alleviate some of these fears.
Automation becomes a means of
providing a worker a better tool,
rather than a way to replace a man
with a machine. Machines can be
designed for strength, speed, and
repeatability. But man is unsurpassed
in intelligence, judgment, and the
ability to adapt to changing sur-
rounding. Interviews with construc-
tion foremen indicate that workers
find repetitive tasks boring and
unpleasant, and seem most appreci-
ative of equipment that reduces the
physical demands of construction
work.8 This is especially true of older

workers. Those aspects of construc-
tion work that craftsmen seem to like
least are often those best suited to
automation. In light of anticipated
labor shortages and the increase in
the average age of the construction

work force, opposition to automa-
tion may not be as strong as feared.

Two other factors sometimes
mentioned as obstacles to automa-
tion are the high anticipated cost of
automated equipment and the diffi-
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culty of servicing complex automated
systems in the field. A look at heavy
equipment currently used in con-
struction shows that these need not
be problems. Existing distribution
systems sell and service equipment
covering a wide range of cost and
technological sophistication. Short-
term use of expensive equipment by
firms with limited capital is handled
through rentals. Repairs, particularly
of expensive or complex systems, are
facilitated by the use of modular
components that can be quickly and
easily replaced.

Off-Site Automation

The use of automation in manu-
facturing has been critical in allowing
goods to be produced economically.
In spite of recent trends towards flex-
ible automation, most applications
of automation thus far have been to
repetitive tasks in well-controlled
environments. In the typical manu-
facturing facility, temperature,
humidity, and lighting are main-
tained at levels suitable to the type
of work being done. The layout of
the plant does not vary from day to
day. The work force, too, is rela-
tively stable over time. Workstations,
whether manual or automatic, are
usually stationary, with the product
moved from location to location as
necessary in the course of produc-
tion. Production machinery can gen-
erally be much larger than the prod-
uct, simplifying the design of an
accurate, repeatable system.

In contrast, construction is car-
ried out in an environment that is
anything but constant. The day-to-
day variation in the physical char-
acteristics of a construction site, the
changing composition of the work
force throughout a job and from
one job to the next, and the neces-
sity for workers and equipment to
move around a large stationery prod-
uct and from project to project pres-
ent obstacles to the use of equip-
ment and techniques that have been
successfully applied in manufactur-
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ing. One way to avoid these obsta-
cles is to carry out construction tasks
in an environment similar to that
found in manufacturing. Not sur-
prisingly, some of the most success-
ful examples of automation in con-
struction occur off-site, either in the
processing of construction materi-
als, or in the prefabrication of con-
struction components.

Material Processing. The produc-
tion of most construction materials
has been automated to a large extent
Steel mills and sawmills have
traditionally been highly automated.
Concrete batch processing plants and
many precast facilities have been at
least partially automated. The manu-
facture of products such as plywood
and gypsum wallboard is highly auto-
mated. A 16,000-square-foot, fully
automatic concrete block manufac-
turing plant in West Germany
requires only one man to oversee
production.9 In the manufacture of
these and older construction com-
ponents, large quantities of a prod-
uct are produced at a permanently
located plant. There is little resem-
blance to the type of work carried
out on a construction site.

Prefabrication. Prefabrication in
construction is an attempt to
improve productivity by carrying out
selected operations in a more con-
trolled environment. Assemblies can
be prefabricated either on the site
(but at a location removed from the
installation point) or off-site. In some
cases, work in a prefabrication facil-
ity proceeds much as it would on a
construction site. For example, in
the construction of commercial
buildings, plumbing trees are often
prefabricated manually in an on-site
workshop. The workshop provides
shelter from the elements, permits
assemblies with the same configura-
tion to be produced at the same time,
and reduces the need for welding at
diverse locations through-out the
project.

Often, however, the prefabrication
process is automated to some degree.

Robots have been used to automate
stud welding in the prefabrication
of reinforcing plates for heavy
facilities.10 An automated masonry
system allows block walls to be
prefabricated adjacent to a construc-
tion site, while a crane is used to
move the wall sections into place.11

Automation of a prefabrication proc-
ess off-site can be seen in the manu-
facture of wood trusses and floor
decks. In Japan, 45 percent of hous-
ing is prefabricated units produced
in highly automated factories.12

When the prefabrication of a con-
struction assembly has been auto-
mated, it has been through a system
in which the machinery of automa-
tion is larger than the part being
worked on; the situation is similar
to that in a manufacturing facility.

On-Site Automation

While prefabrication off-site has
been successful for some aspects of
construction, most work is still car-
ried out on-site by workers with the
aid of tools and equipment. During
the past 10 years, the on-site auto-
mation of construction processes has
received a great deal of attention.

Three factors appear to be
responsible for this interest. The
large Japanese construction compa-
nies felt a need to make construc-
tion work safer and less labor inten-
sive in light of feared labor shortages,
and began substantial R&D pro-
grams in the area of construction
automation. In the U.S., the 1979
accident at the Three Mile Island
nuclear plant created an immediate
need for inspection, sampling, and
demolition work in an extremely
hazardous environment. This led to
the development of a series of
machines at Carnegie Mellon Uni-
versity (CMU), which established
CMU as an early U.S. leader in con-
struction automation and kindled
interest at other universities as well.
Finally, worldwide concerns about
productivity in construction along
with perceived productivity improve-



ments due to the introduction of
robots in manufacturing, generated
interest in the use of robots on con-
struction sites.

For on-site automation of con-
struction processes to be successful,
technical feasibility is not enough; Production of building
automated equipment must be eco-
nomically feasible. In terms of eco-

materials is largely automated.

nomic feasibility, it is useful to dif-
ferentiate between hazardous envi-
ronments and typical environments.
In hazardous environments, the
value of increased safety is such that
even if the cost of an automated
system is much higher than the cost
of current practice, the automated
system may be economically feasible.

Automation in Hazardous Envi-
ronments. In hazardous environ-
ments, the risk to human life is so
great that virtually any expense can
be justified in pursuit of an alterna-
tive. Such a situation existed follow-
ing the accident at the Three Mile
Island Reactor where “the TMI-2
reactor flooded the containment
building basement with several feet
of radioactive-contaminated river
water. . . [and] radiation levels
[precluded] human entry.. .”13 The
Remote Reconnaissance Vehicle
(RRV), the Remote Core Sampler
(RCS), and the Remote Work Vehicle
(RWV) were developed at Carnegie
Mellon University in response to a
clear need to keep humans out of
contaminated areas during the reac-
tor clean up. These machines are
teleoperated, with feedback to the
operator provided through video
cameras and other sensors. Power is
supplied through an umbilical cable,
so that a compromise between fuel
weight and length of mission is not
required. Because of the harsh con-
ditions inside the reactor building,
the machines are ruggedly designed.
The RRV was used in the TMI-2
building in 1984; the building was
found to contain tons of sediment,
debris, and contaminated equipment
and material. This information was
used in planning the core sampling

program carried out with the RCS.
The RWV was designed to be the
workhorse of the series, carrying
out demolition and recovery work.14

Many other devices have been
developed for use in radioactive
environments. in most, the opera-
tor controls the device remotely
with visual feedback provided via
video cameras. However, with the
DSCR, a diamond sawing/coring
unit for reactor dismantling
developed by the Japan Atomic
Energy Research Institute (JAERI)
and Shimizu Corporation, gross
movements are controlled remotely,
while cutting speed and fine point-
to-point movements can be
preprogrammed.15

Demolition can be hazardous
even when radiation is not involved.
Following the collapse of Oakland’s
Cypress Street viaduct in the Octo-
ber 17 Loma Prieta earthquake, a
remotely controlled pavement
breaker was brought in to help cut
through the upper deck. The breaker
was originally developed for work
in a radioactive environment. It was
used at the freeway collapse because
it is remotely controllable and light-
weight; the freeway section had not
yet been shored.16 The device is one
of several remotely controlled dem-
olition tools that are commercially
available.

Armed combat is certainly a haz-
ardous environment. Even in train-
ing, there are situations in which
human life is at risk. A remotely
controlled excavator developed by
John Deere has been used in several
such applications. Based on the John
Deere 690 Excavator, it has been
used to excavate and recover
unexploded munitions for testing
and to provide soil samples for anal-
ysis of possible contamination. A
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modified version is currently being
tested for use in rapid runway repair.17

The ocean is another potentially
hazardous environment. Undersea
construction and inspection has
been facilitated by manipulators
controlled remotely from within
minisubs and by devices teleoperated
from the surface. Virginia Power
recently developed a teleoperated
unit called the Hydrover to inspect
6,000-foot-long tunnels at a power
station. The Hydrover is equipped
with cameras and a dye release sys-
tem to help identify leaks.18

The “final frontier” is perhaps the
final word in hazardous environ-
ments. Construction in space is a
prime target for automation; the
field has attracted several major con-
struction companies as well as tradi-
tional aerospace concerns. Space is
not only a dangerous site for con-
struction work, but a costly loca-
tion to which to send equipment as
well. A space construction machine

will almost surely have to be multi-
functional to justify its existence as
payload. Martin Marietta Space Sys-
tems is currently developing the
Flight Telerobotic Servicer (FTS), a
“one-legged, two-armed robot with
‘eyes’ on its wrists.” The FTS will
provide both visual and kinesthetic
feedback; through the control inter-
face, the operator will be able to
“feel” the forces exerted by the arms.
The FTS is a telerobot, a teleoperated
machine capable of limited autono-
mous function. An eventual goal is
to use artificial intelligence to increase
the extent of autonomous function.19

Automation in Typical Environ
ments. In typical construction envi-
ronments, automated equipment
must compete with current practice.
Only if the benefits of automation
exceed the purchase, operation, and
maintenance costs will automation
be successful.

The most significant commercial
successes thus far have been in the

partial automation of existing heavy
equipment. The best-known exam-
ple is undoubtedly the laser-based
system for grading. A sensor
mounted on the blade responds to
a rotating laser beacon and accu-
rately feeds back blade height to an
automatic blade control system and/
or a human operator. The use of these
systems has reduced grading costs
by as much as 75 percent, improved
tolerances, and allowed the use of
less-costly equipment and less-skilled
labor.20 Additional examples include
vibratory rollers that automatically
measure the load-bearing capacity of
soil during compaction and signal
the operator when a desired degree
of compaction is reached;21 excava-
tor control systems that maintain
constant bucket angle regardless of
boom and arm movements;22 and
hydraulic rock breakers that auto-
matically adjust energy per blow
and blow rate to accommodate var-
iations in soil type.23

A wide variety of new machines
that automate or partially automate
various construction tasks has been
developed in recent years. Some
have been used on a number of con-
struction sites; others are still in a
laboratory prototype phase. Several
of these devices are described in the
following paragraphs. While this
review is by no means complete, it
is representative of work to date.

Excavation. A modified excavator
developed by Tokyu Construction
Company reduces the number of
separate pieces of equipment
required. The addition of a detach-
able gripper below the bucket allows
the same machine to serve both
functions. A further modification—
the addition of a movable platform
on the front of the crawler unit—
allows transport of concrete blocks
from the delivery vehicle to the
point of installation. The excavator
and gripper can be operated from
the cab or via a remote control
console.24

Concrete placement. The Horizon-
tal Concrete Distributor (HCD) was
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developed by Takenaka Corporation
to reduce manpower requirements
and minimize rebar disturbance dur-
ing concrete pours in building con-
struction. The HCD, which weighs
approximately four tons, consists of
a four-link arm that clamps to one
of the building’s steel columns and
supports a concrete-placement hose.
The arm moves parallel to the floor
being poured, and can cover an area
of approximately 1000m². The orig-
inal version of the HCD was manually
controlled; the operator sat in a
cockpit mounted to the outer link
of the arm and “drove” the unit
through the work area. A more
recent version incorporates automa-
tic nozzle positioning and automatic
obstacle detection. The automatic
system was found effective in loca-
tions with limited work space and
numerous obstacles; the manual sys-
tem is still used in areas where
movement is less complicated.25

Concrete finishing. Several of the
large Japanese contractors have
developed teleoperated systems for
concrete finishing work. Shimizu
Corporation’s FLATKN, for exam-
ple, is powered by an onboard gen-
erator and operated by remote radio
control. FLATKN has been used on
several construction sites, and is said
to reduce labor by a factor of four
or five as compared with manual
trowelling.26 The Construction
Industry Institute is currently testing
and evaluating a FLATKN unit.

Rebar placement. Both Takenaka
Corporation and Kajima Corpora-
tion have developed automated
cranes for placement of heavy rebar.
The cranes can be teleoperated or
run in teach-playback mode. Both
units perform placing functions
only; the rebar is tied by hand.27, 28

Masonry. Masonry may at first
glance seem an ideal task to auto-
mate because it requires the repeti-
tive placement of parts and is a
potentially dangerous task for
worker (due to falls and the effects
of repetitive motion). However,
automation of the process as it is

currently carried out is extremely
difficult. Increased rates of produc-
tion are constrained by the setting
time of mortar. The metrology
problem is significant: if each block
is out of alignment just a bit, the
wall will be uneven and perhaps
unstable. Several systems have been
developed to automate masonry
work, though none has yet been
used effectively on a construction
site. Most rely upon changes in the
materials and method of masonry
to facilitate automation. For exam-
ple, the Blockbot, designed at the
Massachusetts Institute of Technol-
ogy, is designed to stack precision-
ground cement blocks without
mortar, and then apply a bonding
cement to the wall face. A partial
prototype of the Blockbot has been
developed; the most likely applica-
tion for this type of machine is in
the construction of long continu-
ous walls (for example, sound abate-
ment walls along freeways).29

Structural Steel. Shimizu’s Mighty
Jack is used for the temporary posi-
tioning of steel beams. While hold-
ing a beam, the unit is hoisted to
the top of the two columns to
which the beam is to be attached.
Mighty Jack’s grippers grab the col-
umns and position the beam between
them. The crane cable is then
detached via remote control. After
the beams have been fastened to the
columns, the crane retrieves Mighty
Jack.30 An ongoing topic of research
is the incorporation of fastening
capabilities into Mighty Jack. The
success of this will no doubt hinge
upon the extent to which the design
of the beam column joint can be
standardized.

Shear studs. The Studmaster,
developed at the Massachusetts
Institute of Technology, automates
the placing and welding of shear
studs in composite deck construc-
tion. The motivation for the machine
came from discussionis with welders
who complained the repeated bend-
ing required to use a standard weld
gun made for sore backs. The Stud-

master automatically positions a
shear stud and ferrule, and welds
the stud to the deck. The unit is
approximately the size of a lawn-
mower. In the current version, the
operator rolls the Studmaster to the
position where a stud is to be welded,
and initiates the welding sequence
by toggling a switch.31 The proto-
type version was tested on a building
site, and worked well enough to
generate an equipment manufactur-
er’s interest in further development.

Fireproofing. Shimizu’s SSR fire-
proofing unit was one of the first
construction robots developed. Cur-
rently in its third generation, the SSR
sprays rockwool on structural steel.
The motivation for its development
was the unpleasant working condi-
tions that accompany manual spray-
ing operations. Many improvements
have been made over the initial ver-
sion of the unit; the SSR-3 is a true
construction robot. It can be pre-
programmed with the layout of a
floor and the location of cutouts in
beams. During operation, the SSR-3
uses sensor feedback along with the
preprogrammed layout to adjust
spray position. The SSR-3 has been
used on several construction sites.32

Exterior finishing and inspection.
Several companies have produced
devices for finishing and inspecting
exterior surfaces of buildings. For
example, Taisei Corporation has
developed a two-unit system for
painting the exterior of high-rise
buildings. The power supply, con-
troller, and paint supply move along
tracks mounted on the buildings
roof The painting module is sus-
pended by cables from the main
unit, and is guided by vertical grooves
incorporated into the exterior of the
building. The module can recognize
windows and change the painting
pattern to avoid them.33 As with
other forms of building-mounted
scaffolding, the building must be
designed with the use of the paint-
ing system in mind.

Interior finishing. Both Taisei and
Shimizu have developed machines

Construction Dimensions/April 1990   85



to assist in the installation of wall-
board. Taisei’s Wall-board Manipu-
lator is essentially a power-assisted
lift, supporting a board so that the
operator can easily guide it into
position.34 Shimizu’s CRF-1 raises
and positions a ceiling panel. A step
mounted on the base of the machine
enables a worker to fasten the board
to the ceiling without scaffolding.35

Pipe installation. A remote-
controlled pipe manipulator devel-
oped by Grove Manufacturing
Company for Du Pont is currently
being modified at the University of
Texas at Austin. Previously, an oper-
ator controlled the device through
a series of control levers. Because
this control system proved difficult
to use, a more ergonomic interface
is being developed. The levers have
been replaced by the “ergostick” a

device that translates motions at the
operator’s hands, elbows, and wrists
into motion of the pipe manipula-
tor’s eight axes. Initial testing indi-
cates that the ergostick does increase
the ease with which the pipe manip-
ulator can be controlled.36

Automation in the Future

How will automation affect con-
struction work in the years to come?
Some envision a fully automated
“construction site of the future” at
which work is carried out by a fleet
of autonomous machines. However,
this does not seem to be a realistic
scenario. Even in hazardous envi-
ronments, where a more expensive
automated system could be justi-
fied, human intelligence will remain
a valuable commodity Teleoperated
equipment that enables a person to
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exercise judgment from a safer loca-
tion will continue to be used. While
more-advanced telerobotic systems
will autonomously control many of
the details of the machine’s func-
tion, overall control of the opera-
tion will likely remain the domain
of a human operator.

Changes in the construction work
force will affect the introduction of
automation. As the average age of
the work force increases, there will
be a greater demand for equipment
that frees the construction worker
from physically demanding tasks.
The projected shortage of skilled
construction labor will increase the
importance of equipment that auto-
matically monitors and inspect work
in progress. Partially automated
heavy equipment has already proved
useful in this respect. The applica-



tion of similar technology to smaller
equipment and power tools will
lead to “smart tools” that could
reduce the need for rework by auto-
matically performing inspection
functions at the time of installation.
The incorporation of information
storage capabilities will allow smart
tools to support project control and
documentation as well.

Some of the machines described
in this article may eventually become
commonplace. Others will come
into use after additional refinement
and redesign. For some construc-
tion tasks, automation may never
be an economically viable alterna-
tive. For many, automation will
make sense only on certain jobs.
As an analogy, consider the number
of ways a hole can be made in a piece
of material—with a hammer and
punch, a hand drill, a power drill, a
drill press, a milling machine, a
CNC milling machine, or a flexible
machine center. All of these are
currently used; the existence of more
highly automated systems has not
made simple hand tools obsolete.
The appropriate choice for a partic-
ular job depends on physical char-
acteristics and on economic factors.
In construction, automation will
have the greatest impact when
designers, material suppliers, equip-
ment suppliers, construction man-
agement, and construction labor
work together to ensure an appro-
priate choice of technology for a
particular job.

For More Information

Information on commercially avail-
able equipment can be obtained
from manufacturers. To find out
more about automated equipment
under development, see the pro-
ceedings of the annual International
Symposium on Automation and
Robotics in Construction (ISARC).
The fifth ISARC was held in Tokyo
in 1988; the sixth, sponsored by the
Construction Industry Institute, was
held in San Francisco in 1989. This



June, the seventh ISARC will be
held in Bristol, England.37
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