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ABSTRACT
The peper deals with the problem of developing an
automatical?g controlled complex of equipment to mechanize
brick wall laying - one ol the most difficult operations in

construction, A research tnto economic and social agpects of
thig type of job enabled us to say that the system cen be
quite effTective. An analysis of well-known efforts to adegt
existing industrial robots for the purpose and a feesibility
study led to conclusion that the most successful combination
will be a synthesizs of a special~?urpose robot and en
autemat{o maohine with rigid logic.In thig ¢B8gs, the
automate will serve ag a working member to lay individua
bricks while moved to a specified brick-laying point by a
robot. Data are given about possible composition of a
robotic complex which can perform all operations, auxiliary
jobs tncluded.

Key words: construction, brick laying, masonry, brick,
robot, extruder, accuracy, navigation, complex, aqunation.
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1. Introduction

Despite tmpressive advencements made in precast and
cast-in-plece .concrete construction, erection of buildings
(restdential housss, public factlities or offices) from
gingle ceramic bricks still remains one of the most common
and laboriouys processes inh oivil ongxnoorxng. The oaaramic
briok is & unique meterial y 1ls tusulation and
environmental properties. It is indespensable for solving
many architectural and constructional Rroblens. particularly
in  refurbishing old eiffes Wit an ertablichnd
infragtructure. In the USSR, for example, according to
statistics, brick butldings make 30% in totel housing
construction vwhile (n off'ices thetr share is 80Y. These
ratios sre forecusled to remain for many vears to comm. The
traditionally non-tndustrial methods of brick laying are
well-known. In effect, the procedures commnonly adopted oday
have reswmined unchangsd for hundreds of veors and the modern
engineer cennot help noticing the striking discrepancy
between the extisting highly automated brick fabrication



technoloqg at building materisls factories -~ suffice (t to

oint out to those of UNIMORANDO in Italy and CERIC tn

rance - and the archaic manual brick laying methods at any

congtruction sgite, The 3job of a brick ?ayer ig hard asnd

dangerous, it beconws increasingly legs attractive

everywhereéi the average sge of the lavers increages while
i

Uiw pavdustiviey pomoing otoaedily 8t a At b r
oveny decreases. According to Erof. Yukg1¥aéggawéeygédu?,

this Ercoess 1g the same (n different countries,

‘ongidering that hundreds of thousands of builders do
manual work {n masonry (at least 300 thousand in the Soviet
Unton alone), the above can be regarded as quite sufficient
proof* for the need and urgency of sgerioug research and
developient effort to cerry out the task of creating
appropriate new technologies.

2. Capebilities of an Industrial Robot

Brick é&ving has always been done by hand, Therefore,
the first thing that occurs to an snginver who trizs to molo
it automabtio (s to usge the versatile cepabilities of
@xtst;ng end commercially available ‘dndustrial robots, e
would attempt to solve the problem on paper by compiling en
appropriate control progrem Thig ves gractically the path
takon by A. Slocum snd B, Schena (1088) whoge experimnts
roduced sonw ?ood results. The same ideas were developed by
4 A. Muepratt (1688) who congidered & whole scenario cof
uging & get of industrial robots in construction. A criticel
analyveig of thege and other regortg the results of our own
tentative experiients using a KILAM robot make it possihle
to fornulate at leest 4 additional technical probleng that
miet hoe resolved for the robotic technology to lbe
introdugsd: :

- The problem of ths movemant of & robot (robots) along
a wall of an ectual building being erected.

- The problem of negessarily precise reference of known
relative axes of a robot’s work envelope to the absolule
axes of a butlding (of walls and bricks tn tt...).

- The problem of economically acceptable time of layin
A Sinﬁlﬂ brick (2 or 3 sec are desirable ingtead of 7 to
gec that can be achieved by our sxperiments and 10 to 12 sen
as reported by H. Lehtinen et al. in 1880).

- The problem of creating and programming conplex
interecticonsg within the work envelope of the robo dus to
the fact that every single brick must not just be moved to a
gg; b with specifted cocrdinateg but all the jJoints should

{11led with morter with essthelically accepteble results.

Without going into detatls and not trytng to estimale
the commlexity of each of the above-listed problems, we cen
just gry that a refleclion over techntcal means required to
golva them lesd to a "discovery" that a menhual brick layer
eotively uses in eddition to his handg also eyes, =enges,
end hig head to do his ssemingly simple work, Any attemnt to
introduce equivalent sensing, technical vistion, etc. into. a



robotic complex would surely make the whole tesk
eoonomically and technically unfeasible. Obvious , the way
out of the dead end can be found not in Erving §O imitate
human actions by some devices but 1in developing en
alternative procedure for brick laying itself to be adapted
from the start to the work being done by machines only.

3. Machine-Oriented Procedurss

Clearly, the brick layving process should be divided
into tvo indepsndent elemsnts.

First, laying of bricks into & wall by some working
member. and

second, delivery of this working member to a gpecified
wWork Eoint with required accuragy.

ongtderation of the first element leads to formulat {on
of an alternative hrick-leying procedurs.

The tdea of the new process is illustrated rm Pl .

Fig. 1. Schematic diagram of brick laying bg a machine,
1 - extruder, 2 - feeder: 3 - accelsrator: 4 - bricks ready
for laying: § - workinY momber (rotor): & - tnjection
nozzles; 7 - finished wall,

The diegram gshows that the brick-laying process is
divided into two steges. The first stage I) performd
outgide the wall tncludes spreading a thin layer of nprtar
over the broad surface of a brick by an extruder. Thig will
becoms en underlayer labter on, It can ke sesn that the
mortar-brick layer coming out of the extruder will be presst
to a specified thickness regardless of actual accuracy of

abrication of ths brick. The second stege (lI) s the
brick-laving propsr which can be carrted out by many types
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of machanisms that can ygrip = botek, turn 31t abeut the
Y-axis, then about the g-axis {f necessary and set it along
the ZQaXés' y

ervical jJoints can be filled with proportioned
injection of mortar into the slot formed when the brick is
laid in &)lace° The productivity of thig mechanism ts 1limited
gractica ly only by the forces of adhesion of mortar to the
rick surface sgince all the manipulations with the brick ere
naturally done while the mortar is still fresh. The
experiments hrve ghown that due to some ochemioal troatmont
of mortar with plagsticizers and well gelected extruzion
conditions the normal mortar bond strength is limited to a
value at least 3g. So 1t bscomes possible to design a
machanism that can lay one brick in 1.5 to 3 sec, which 18
quite satisleactory.

The tentative exgerin@nts simulating the above
procedure have schown that the masonry made by  this
mechanical method has 10 to 15% higher strength than the ons
made by hand (which {s quite npatural) and {g satisfectory in
terme of appearance although 1t does not eaxctly neet
specificaltios of traditional standards. The overall accurazy
of brick laying depends naturally on the achtievable sccureny
of moving and holding the working membsr in the absolule
gystem of axes of the structurs being erected.

4. The Layer, a Machine for Brick Laying Operations

Tha following questicns must be answered first to form
the structure of the machine: :

- Should the machine be self-propelled and be able to
move by (ts own accord at the construction level or should
it be moved by exterior msans?

- Yhere 1s the supply of expsendable malserials (bricks
and mortar) be stored? On the machine f{tsell or nearby
somewhere end how should the materials be Lransferred in the
latter case?

- What will the navigation system be to refer the axes
of the machine Lo the structure bsing built?

- What absolute dimsnstons should the machine have and
what»part of & structure could it erect at one setting of
axe8"

Accoptable answers to these questions bscome even nore
difftcult to get constdering that the machine should sLay
(work) on n fgoor of & residsntial house above all, {.e. a
building structurs whese safe loading is rigidly restricted.
Besides, the specifications for erection of a wall require
that (t sheould rise evenlg ancugh over the whole work area.

An analygig  of he sot of the above-1listed
contradictory requirements end many design [fessibility
studies reguiarly verified by psrfornance calculations mode
it possible to formulale specifications for the gensral
outline of the Layver machine. It appears that the mechine
gshould ke mode as & [fully revolving portable centilaver
robot that can serve an erea with & radius of at least 5.4 m



(with necessary overlappznf) at one settlng in the centre of
8 oommnon construction module of 8 bgee m The height of the
wall thus handled naturallg should equal to one storeg.
The qenegal appearance of the Layer is shown schematically

th Fig.
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Fig. 2. General schematic of a theoretical building
robot Layer. 1 - working member, 2 - feeder: 2 - sextruder, 4
- suggly of" bricks, 5 - laser source of navigation system, 6
- refllector.

The extruder and all feeders should be placed on Lhe
working surface of the Laysr. The position of the supply of
bricks will be a question that cannot be answered unttl
gpecial calculations are conmpleted.

If the suppl{ of bricks ts mounted on the Lazer. the
loaded machine will be too heavg (at the limit of the load
bearing capactty of the floor) but the needsd organtzational
gelf-sufficiency end reltability will be achieved., If bricks
are pleaced on a separate device - a Loader - all weight
restrictions will be removed but 1t will be difficult in
terms of organizalion and control to ensure relipble
operation of two complex machines at once. The navigation
system which {s a must for the opsration of the Lager also
degerves close attentton. A review of technical detsails of
its functiening 1= Cer bevond the =copas of this
Yresentﬂtion. Ye will fust poinl eut that this sYstem uses a

aser source and reflectors referred eodetically to the

absolute gygtem of ages, It should enable the control system
of the Layer to register tts coordinates at any momsnt of
time with required accuracy.

Understendably, the development and design of the
building robot Laver described here only theoretically 1ig
quite 8 job but as for tts philogophy the tnplementation of
this task ts within the usual scope of robotics.
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5. Robotic Complex

Obviously, the Layer by itself cannot ensure automatic

gerformance of all operations required to erect a wall. Fig.

ghows a schematic diagram of a minimum set of machines
needed for the job.

The diegram of' the complex is given for the case when
the robot Layer carries the supply of bricks.

The general idea of saving manual labour as much eg
possible dictates the configuration of a crane loader to be
uged ag & crane manipulator that does not need a slinger.
Also i1mportant 1s the natural requirement that bricke should
be delivered to the site i1n specially arranged blocks
without any conbatners by aposial briols corrior truokc to Le
moved by Lhe mnitpulalor using only a special gilppwl,

4
]l S ad e L 2
Fig. 3. Robotic conplex 1-roebet Lsver, 2 - ¢rene
loader; 3 - mortar gensrator, 4 - - brick carrier truck, 5 -

intermsdiate supply of bricks.

An analysis hes shown that only then it will b9
osgible to =solve the problemn of dismantling & block of
ricks on the robot Layer. It (s of no small fmportance too

that the transportation without containers eliminates
snvironmental and mansgement problems of opsning packs end
disposal of the packing matertal. Mortar of a compoesition
whose accuracy is strictly maintained should be provided b

a nearby mortar generator from dry mix. It goes without
gaying that the whole complex should be controlled and
maneged by an  on-board computer installed on the 1robot
Laysr., A sufficisntly conservative estimate has shown that .
the conplex would need 2 operators and 1 or 2 auxiliarg

gorkars and so lhcrease Lhig labour preductivity 7 Le 1o

imes.



The contrel software of the complex can (and must) be
interfaced with an architect’s CAD and so opens up the
grospect of paperless process of design and erection of

utldings of any desired architecture. d remembering that
the modern house, alag, does not consist of brick walls
alone, we may suppose that this complex tn future can gerve
as a bridge for gensrating & new construction culturs.

To conclude we wil say that the development and
experinmsntal debugging of the complex will need a lot of
research and thus arge investments. Bubt considering 1its
importance for humanity and great promise i1t holds, it
&Dgears that agpro§riate funds should be searched at the
international levsel.
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