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PREFACE

The performance of residentilal chimneys 1is
of continuing interest to the Bullding Services
Section of the Dlvision of Bullding Research. For
the past few years thls section has been concerned
with the fire hazard aspect of masonry chimneys and
tests are being conducted on chimneys constructed
of unit clay bricks and precast concrete blocks.
Because of the varlety of precast concrete blocks
avallable and of thelr increasing use in chimney
construction, this paper on the factors which affect
the performance of these chimmneys 1s a timely and
valuable addition to the scant literature in this
field.

The Division is indebted to Mr. D.A. Sinclailir
of the Translation Section of the National Research
Council for preparing this translation.

Ottawa, N.B. Hutcheon,
September 1961 Asslstant Director.
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PRECAST CONCRETE 3LOCK CHIMWNEY UNITS*
Develooment of RBules for Approval
Research Carried out at C.S.T.B. Experimental Statlion

Sunmary

After tests were carried out on flues and chimneys
at the Champs-sur-Marne Experimental Station, certain
principles were established for improving the manufac-
ture of lightwelght concrete flue units.

At the same time, simple apparatus was developed
for carrying out rapid heat-resistance tests on flue
units.

The article includes a description of the research
and the conclusions which can be drawn from 1it, and
deals with the permeabllity to air, exvansion and heat
resistance of flue and chimney units, and the way in
which the simplified heat resistance testing apparatus
is used.

This article also includes detalls of some of the
first results of tests which were carried out at the
C.3.7T.3. Experimental Station in order to establlsh
the effect of the various parametzars involved in the
manufacture of concrete on 1lts behaviour when subjec-
ted to heat.

Introduction

Not so lonz azo chlmeys for venting combustion gases, generally
made of clay and in most cases incorporated in the masonry of walls,
had large cross-sections permitting effectlive cooling of the fumes,
which conserved the flue while at the same time limiting the danzers
due to the accumulation of soot.

On the other hand, such flues provided only mediorcre draft,
although 1t was generally sufficlent to ensure the functioning of

relatively simple eculpment with larze flue gas outputs.

* Tests carried out by M. Delahaye, engineer in charge of the

"Chimneys S5ection" of the Champs-sur-¥arne Experimental Station.



Gradually however, because of progress made in the deslgn of
heating equipment, 1t was necessary to reduce the flue cross-sec-
tion in order to ensure the minlmum required draught. This tendency,
which was strengthened by space-saving conslderations, especially
in comnection with tall apartment builldings, has been still further
stimulated by the development of contlnuous burning, high-efficlency
heating equipment and the increasing use of liquild and gaseous fuels.

On the constructive plane thls develovment has led to the intro-
duction and spread of the use of light chimney elements, 1.e. chim-
ney blocks.

At first these chimney blocks were made almost exclusively of
clay, the classic material for flues; however, because of the last
world war and the material shortages which followed, we have witnes-
sed a parallel development in the manufacture of such units from
concrete. Today, althouzh a tendency appesars to be arising towards
the adoption of systems employing units of larger dimensions, or
even totally different materials and technigues, these chimmey
blocks, whether of clay or concrete, still constitute the great
majority of completed constructions.

On the official plane this same development has led to the
issuance of a serles of texts defining the condlitions of design
and construction of chimneys, of which we have kept our readers
regularly informed.

Recently, all these texts have been assembled in the form of
a resolution for appllcation of Article 22 of Decree 55-1394 of
22 October 1955 laying down the general rules for the counstruction
of dwellings; this resolution, entitl=sd "Permanent heating and
flue installatlons", supplemented by a circular establishiag the
particular specifications apnlicable to "Flues designed to handle
several furnaces", was publlished under the joint signature of the
Ministries of Constructlon and Public Health in the Journal officiel
of 14 November 1975.

These latter documnents, which lay down the conditions for the
construction of chlmieys and also express certaln requlrements

relative to the nature of the materials entering into their construc-



tion, or thelr preparation for use, were lssued with a view to en-
suring the indispensable guarantees of safety to the purchasers.

However, they do not coustltute a very effective obstacle to
possible defects of quality and counstruction, and 1t 1s undenlable
that at the present time the chimney 1s one item of a structure of
which one cannot be very certain of the behaviour. One of the
reasons for trouble, which incidentally does not spare the "tradi-
tional" materials, may perhans arise from the fact that most of
the chimneys are never used, which may have promoted a certain
carelessness in the a»nplication of the rules of good construction.
However, it 1s certalinly not the only one.

Actually, chimneys which are structural units to which the
known rules of strength apply, are also subject in use to certain
conditions associated with thelir speclal function, conditions which
are often neglected and which in any case have but rarely been the
subject of serious study.

The resulting dlsorders, defects of draughts or tightness,
degradation due to the appearance of stains or cracks, are for the
most part the result of such negligence or ignorance.

The rules, based on the laws governing draught and on the ex-
perlence of speclalists, generally enable us to determine the causes
of the first of these dilsorders and t0 remedy them: improper con-
struction, defective seatling or insulation of the chimney, improper
connection or operation of the heating equipment itself, etec.

The mechanism of degradation due to staining 1s also compara-
tively well Kknown, and whlle 1t 1s exovensive to repair these dis-
orders, 1t 1is nevertheless possible to foresee them and thus for
the most part to avoid them by choosing a fuel sulted to the charac-
teristics of the chimney or of the material of which it 1is built.

Leaks, except where they result from deterioration of the chim-
ney after long service, are the result of poor workmanship, or of
poor or inadequately prepared materlals and may be avoided by scru-
pulous observation of all the rules of good construction.

Cracking, which 1s an Indication of progressive deterioration
of the flue, 1s doubtless more serious and may endanger the health



of the inhabitants. The problems posed by cracKing are also much
more complex.

It 1s known that cracking results for the most part from tem-
perature stresses developing in the chimney, stresses which may vary
greatly according to the propertles of the materials employed and
the manner in which they have been processed, or depending on the
operating conditions of the flue.

Now, while the physical properties of bullding materlals are
well known at room temperature, they are much less well known at
the temperatures prevalling in chimneys under operating conditlons.

At a later date 1t 1s 1n any case always 4difficult to deter-
mine the exact quallity of the units employed in a gliven construction
or the methods that have been used in assembling them, so that the
experience to be galned under these conditions from existing struc-
tures is rather limited.

However, the C.S.T.8., charged with defining the minimum accept-
able standard of quallity for non-traditional chimney units, has
drawn up rules for approval on the basls of a functional thermal
test, the text of which was made avallable to our readers in a pre-
ceding pamphlet.

Since that time we have had the opportunity of examining a num-
ber of examples on the basis of these rules and this has resulted
In certain modifications of detail.

At the same time, in the light of hints derived from these stu-
dles we have pursued investigations with a view to eliminating as
far as possible those causes of deterioration which can be attributed
to the poor quality of the chimney-bullding materials.

The quality of the structural elements of course constitutes
only one aspect of the problems involved in chimneys and could not,
by itself, solve all of them.

The work undertaken in this connection is not yet finished.

We thought 1t would be useful, however, to inform our readers of the
preliminary results without further delay.



Development of the Rules “or Approval

Reiteration of the approval conditions

In Cahier No. 238 we published the Interim Bules on the author-
ity of the commission responsible for the approval of non-traditional
chimney units.

In the absence of preclse data on the behaviour of materials
under the operating conditions of chimneys, these rules had been
based on tests of an arbltrary nature and more particularly in the
light of a study of concrete blocks, which represented non-tradition-
al units in current use.

The thermal conductivity of these units could be considered
known in sufficiently close approximation so that no special test
would be needed to measure this. Furthermore, although 1ittle is
known concernling the condlitions of resistance of concrete to the
chemical agents in flue gas, experlence would appear to show that
the concretes currently being used in the manufacture of chimney
blocks were sufficlently stable from this point of view so that
serious deterioration need be feared only in very exceptional cases.

The tests finally retained in the rules for apvorovasl to deter-
mine the suitability for employment of the units in question were
thus limited to a test of thermal strength and a test of air per-
meabllity.

Furthermore, in order to take into account the fact that the
exact part played 1n the behaviour of the unit by various factors
Involved in thelr mzsnufacture was unknown, these same rules pointed
out that each t ype of unit and each particular method of manufacture
would have to be the subject of separate examination as far as ap-
proval was concerned.

A certaln arbltrariness doubtless prevalled in choosing the
above criteria of judgment. Doubtless the fact that a product sat-
isfied them did not mean that 1t was the best zvailable nor that
the user would necessarlly be protected from all fallure.

However, it could be accepted that such as they were they con-

stituted a first effective selection to the extent that the samples
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tested could be declared to reflect accurately the aquality of monu-
facture in question, and that this guality would be guaranteed over

a certain length of time.

Lessons drawn frowm the apvlication of the rules for approval

Since the time that these rules were first adopted, during the
year 1958, a conslderable number of products have been brought to
our attention. The first tests quickly showed that these products
were of widely differing quality and that some of them by no means
showed the homogenelty necessary for any test to be of real practi-
cal value.

Because of the methods of executlon adopted for the thermal
test, methods which 1nvolved conslderable delays for processing or
drying, and in view of the unfortunately limited capacity of the
testing equipment, the chimney-testing laboratory of our experimen-
tal station soon found 1tself flooded with products many of which
were not worth testing because of theilr poorly-defined character.

It thus seemed essential to complement the rules for approval
in force by specifications which could take the place of a preselec-
tion and enable us to eliminate from the start products which were
obviously inadequate from the point of view of homogeneity.

Preliminary identification tests

With this in mind manufacturers wishing to have thelr products
subjected to the long and costly thermal test were asked to apply
beforehand certaln simple tests which could be executed in any con-
ventional materials testing laboratory so as to Turnish proof that
these products were already of suffilciently definite and constant
character.

The tests reaulred are compressive strength tests and the deter-
mination of the apparent density of the concrete. The scatter of
the results from these tests, carried out on at least seven whole
chimney blocks selected arhitrasrily from current productilon, permits
an estimate to be made of the constancy of the concrete used in the
products and to define its average characteristics.
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Identical tests are agaln carried out at the experimental
station, this time on chimney blocks selected from those obtzined
at the factory under our supervision for the approval tests them-
selves. From the results of these we were able to confirm by com-
parison the homogeneity data from the preliminary tests and to veri-
fy the constancy in time of the products in question.

These measures permlt the deslred preselection but are still
of no use as far as products not coming up to standard are concerned,
since they do not provide the manufacturer with any means of track-
ing down the reasons for the 1lnadetuacy nor with the dats he needs
in order to remazdy the situatilon.

The causes of the trouble may vary greatly. Thls is because
the manufacture of concrete products 1s the result of a series of
operations on products whose quality 1ltself cannot be sbsolutely
constant.

Many factors may interveme, unless one takes care, to upset a
quality which 1s assumed to be assured by adoptling an apparently
constant working routine, for example, variztion in the raw material,
accldental departures from exact proportions, the effect of very
varlable cllimatic condlitions, etc. Lven careful supervision and
long experlence are not always sufficient to reveal such irregulari-
ties soon enough so that the required corrections can be applied
to the production in time to be effective.

The only way in which this goal can be obtalned is by constant
control testing soas to assure at all times the normal observance

of the rules laid down at the beginning.

Manufacturing checks

The rules for approval, from the time that they were put into
force, drew the attention of manufacturers to the value of such
checks, establishing them in principle, but leaving to the individual
a choice in defining thelr precise nature.

However, the experience gained from the first studies made under
these rules has shown that the effectively executed checks which
applied substantially to theAfinished product (permeablility), were
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st1ll inadequate-

We have thus been induced to deflne preclsely a certain number
of supplementary checks and to make the manufacturers responsible
for carrying them out i1f they wish to obtain approval for their pro-
ducts.

In all, the checking of a given production must satisfy the
following conditions:

The tests involved must be simple and few in number, while at
the same time covering all possible sources of error having regard
to the method of manufacture being employed. The results must, more-
over, be capable of permitting ilmprovements in the conditions of
this manufacturing method in the sense of a greater assurance and
stlll better gquality.

On the other hand, to be effective the check should be freauent
without placing too great a burden on the person who 1s responsible
for 1t. It must therefore be simple and ocuick, especlally as any
delay in checking means also a delay in applylng any corrections
that may be recuired and will thus affect the desired regularity.

Finally, to be significant the results of the check must give
a good definition of the mean quality of the product at the exact
instant of checking. In order to be certain that thils condition 1is
fulfilled, therefore, the choice of samples taken from the production
line and the conditions of execution of the tests as such must them-
selves be subject to vrecise and well-defined precautions from the
outset.

In the case of chimney blocks the checks finally settled upon

relate to the following three mazin stazes in the production chain:

(1) the raw materials (azzregates); (2) the manvuTacturing process
1tself (preparation and casting of the concrete); (3) the finished
products.

These should be sufficient to reveal the source or cause of any
accildental irregularity and to determine who 1s resvonsible for 1it.
The freauency of the checks depends on the number and nature

of the factors involved in the various stazes of manufacture.
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Raw material checks

Where the raw materials are concerned every suppnly situation
represents a particular case. The sugpested frequency of checking
is dally, but in practice longer intervals can be adopted after tests
not long after starting up have enabled the manufacturer to estimate
the uniformity of shipments from hls suppliler.

This check is limited to a sieve analysis and measurement of

the apparent density of the constituents.

Manufacturling checks

The checkling of the manufacture as such (mixing of the concrete
and casting) is the most important, because this 1s the check which
will give rise to the application of the all-important corrections
and 1t must therefore be the most frequent. A dally check 1s manda-
tory.

A further justification of this frequency 1s the fact that this
is the point where the human factor is most fully involved.

The processing check is the simplest one possible, merely welgh-
ing. This weighing of the products at a particular moment in their
manufacture where the strength and ultlmate quallty are already in
fact inherent in the still zgreen concrete, provide an immediate in-
dication of the uniformlty of manufacture.

It 1s supplemented by a sleve analysls and verificatlon of the
proportioning of water of mixture. This check 1s necessary if one
wishes to pin down the cause of any irregularity revealed by weizhing,
or to determine whether the corrections avplied on the basis of data
furmished by previous checks have been proverly concelved and carried
out.

Check of the finished »product

The test on the finilshed product ready for shipment adds a
final sanction, as it were, to the result of the other checks.

It is logical for this test to be based on the values that best
characterize the sultability for use of the manufactured units, tak-

Ing Into account the specific purposes for which it is Intended.
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In the present case, however, these characteristic values,
namely permeability and especially thermal strength, ~re not of a
classical order. A check of them has simply been recomnended, but
not demanded, since as yet no one has been 2ble to design a simple
standard measuring apparatus.

Obviously, 2ll the checks described above, which constitute a
certain burden on whomever 1ls responsible for them, are of no value
unless the indicatlons given by them are studied and exvloited sub-
sequently with a view to improving the quality and the yleld of the
plant. The simple fact of having applisd them, without seeking to
draw any information from them 1s a sheer waste of time and money
both for the manufacturer and for the person cnarged with carrying
them out.

Conclusious

We may hope that the rules for approval, supplemented by all
the above conditions, preliminary tests and manufacturing checks,
are a means oOf selecting products having the desired qualities of
definition at constancy.

Purthermore, the approval tests themselves constitute a second
test of selection, this time in relation to the sultability of the
particular materlal examlaned for use.

However, this procedure still has the dlsadvantage that its
appllication alone ena»les us to define a minimum quality standard,
but does not yet oroduce the data required in order to ralise this
standard.

This 1s due mailnly to the nature of the thermal test involved
In the zeneral appreciation. Thls test, indeed, 1s difficult to
explolt In any practlical manner.

Primarily, the methods of execution and the criteria of judg-
ment applied (test chlimneys provided with a coating, and examlnation
of cracks at the end of the test) make 1t in practice an "all or
nothing" test admitting of no zradations.

Moreover, some of the parameters involved, such as the conditions
of assembly of the chimney being tested, are difficult to define



rizgorously. Then again, the state of the chimney at the eund of

the test, 1.e. at the time of judgment, 1s the result of the effect
of many factors (composition of concrete, shape of hlock, ~tc.)
between which the test 1s unable to discriminate and the resvective
contributions of which cannot afterwards be defined.

Another diffilculty encountercd in explolting the results of
the tests made for approval purposes derives from the fact that the
identiflcation tay applled to the tested products 1s based only onm
data furnished by the manufacturer. These data define the mean
characteristics of the tested products closely enough but they do
not always give the information requlred with respect to their "his-
tory" up to the time of casting, and doubtless thls history 1s never
strlictly the same from one product to another.

Finally, in view of 1ts complexity, or because of the ilnadeauacy
of knowledge of the products which are subjected to 1t, the test
permits of only two results, acceptance or rejection. In the event
of failure, in particular 1t does not enable us to inform the manu-
facturer of the reasons for the fallure, as he may legltimately ex-
pect, nor of ways for overcoming the difficulty.

Therefore while continuilng to study the products presented for
approval according to the above rules, we are also seeking means by
which we will be able to remedy thls deficlency.

With this in mind we have undertaken to conduct research on
products made in our own »lants with the following two main purposes:

The development of a thermal test which will be rapid, repro-
duclible and at the same time informative, and which will permit ef-
fective classification of the products with respect to quality and
will be simple enouzh to be Installed by every msnufacturer in his
plant as a means of checking, and of final quality verification;

A baslc research programme with a view to determinlng the be-
haviour of concretes in relation to the conditions prevalling in
flues, especlally from the standpoint of temperature, and to discover
the effect on this benaviour of the various parameters involved in
the make-up of the concrete, 1.e. type and proportion of binder, ag-

=

gregate and water, pro»ortioning of mixbture, pressure conditions, etc.
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Although it 1s still too early to be 2able to draw deflnltive
conclusions fron these studles, or more important, to gilve exact
provortioning of incredlients, 1t seecmed to us that the preliminary
information would be of interest to our readers and we are there-

fore publishing 1t with this in view.

Research Carried out at the Experimental Station

The functional test, provided a good cholce of the conditlons
deteramining the "function" 1s made, 1is the form of test which has
the best chance 1n the long run of reproducing the actual behaviour.

The simplified test, on the other hand, by definltion abstracts
certain parameters that play a definite part, the extent of which
must be determnined.

In the present case, the desired simple and rapid test could
scarcely involve anything but a test om a single unlt, block or
specilmen. Before thé procedures could even be considered it was
necessary to see whether 1t was indeed possible to consider the
test as other than arvitrary.

The alm of such a test i1s the selection of material that can
be used to bulld chimneys that will meet the conditions of permeabil-
lity, strength with respect to heat, corrosion resistance and thermal
Iinsulation.

It 1s probable that the last two characteristics are specifics
of the material and are affected but 1little by the conditions of as-
semnly. Thls is by no means the case, however, for the first two
characteristlcs.

The most fraquent form of deterioration of chimneys consists
in cracking elther of the elements themselves or of the joints be-
tween them. It seemed necessary, before beginning development of a
simplified test which would take into account the conditiouns of as-
sembly, to carry out preliminary tests which would throw light on
the magniltude or mechanisms of these deteriorating influences, in
particular:

The mechanism underlying the appearance of horizontal cracks

in the Jjoints and the 1importance to be attached to them, especially
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from the standpoint of permeabllity;

A study of the effects of the assembling condlitions, especially
the manner of incorporating the chimneys in the bullding, on the
stability of the elements themselves.

Finally, in view of the dlversity of information which we had
collected on the characterlstics of flue gas, especlally from the
point of view of thelr temperature, we thought it would be useful
to carry out some preliminary tests on the functionling of chlimmeys
under actual condltlions in order to verify the significance of the

procedures hitherto adopted in tests of thermal strength.

Preliminary tests

Tests of actual operation

For the purposes of these tests we attempted to get combinations
of furmaces and chimneys which would as far as posslble represent
the characteristics of an average Aomestic heating installation.

The tests were carried out In the experimental bullding of the
station on a flue of pozzolana concrete block with 5 cm (1.96 in.)

solid walls and a 2 cm (.785 'm.) plaster coating, the thermal insula-

2
tion of which could be assumed to correspoad more or less to that
of chimneys in current use.

The total height of the chimney measured from 1ts base at the
furnace connectini level was nshout 6 m (19.7 ft).

After the coatings had dried sufficlently we successively con-
nected thils chlmney to various heating equlpment of widely differing
design, including a continuous-burning direct-draurht stove, a con-
tinuous-bhurning indirecct-drauzht stove and finally an o0il stove.

In the first two cases the tesnting was carried out at first
with a2 semibitumninous coal and then, in a second test, with dry wood.

A1l these tests were carried out with natural draught, the
coantrols of the stoves being locked at the maximum; however, at the
end of a perilod of several hours' operation under these conditions,
wvhen the temperature condltions in the chimney reached steady state,
we artificially increassd the rate of combustlon by keewninz the ash

pit Aoors open (in the case of the direct-drauzht stove fired with

wood the "ash pit door-o.en test" was terminnsted after only 80 minutes)
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Thermocouples installed in the flue at the level of the first

chimmey block enabled us to keep a record of the flue gas tempera-

tures and those of the internal and external walls of the chimney

throughout the entire tests. The flow rate of the flue gas was

also estimated for each test by means of a pitot

tube.

The results of these tests are assembled in Table I.

They confirm that continuously-burning stoves of this type,

widely used at the present time, emit flue gas of

relatively very

low temperature, not exceeding in our tests, even under conditions
of accidentally accelerated draught, 400°C (752°F).
As might be exopected, the highest flue gas temperatures were

obtained from the burning of dry wood, but even in thils case the

observed wall temperatures are still quite low -

320°C (602°F) for

normal maximum drzught, and 390°C (734°F) for the accidental opera-

ting conditions with the draught door open.
This combustion of wood, giving rise to the

ditions for the greatest outpute of flue gas, is

given drauzht con-

also what produces

the fastest rise in temperature. As an indilcation, the severest

conditions obtalned in the case of the dlrect-draught stove with

open ash plt door are gilven in Flg. 9, showing the increase of tem-

perature of the internal wall of the first chimney block as a func-

tion of time.

Most of the information contained in the existing literature

on the temperatures prevalling in flues relates only to the maximum

temperatures attalned by the flue gas, depending
nace or the nature of the fuel. Without precise
the conditions of thermal exchange between walls
conclusions can be drawn about the corresponding
walls.

on the type of fur-
lundications defining
and flue gas no

temperatures of the

We have nevertheless found that the flue gas temperatures given
substantially confirm our own results, at least as far as the fuels

giving the hottest emisslons are concerned, namely wood or fuel oil.

The temperature =ttained by the wall of a flue in the presence

of flue gas of a glven tempersture cm:n indeed vary within wide limits
depending on the rate of flow of the flue sas, the state of the in-



ternal surface of the chinnmey zand the thermal resistence of the walls.
Moreover certain accldental conditions such as chimney firegs, cer-
talnly glve rise to temperatures that are much higher than those
occurring under normal conditlons.

However, except for accldentzl cases of artificially acceleratead
draught due to improper operation of the hesating equipment, or to
service accldents properly speaking, we have assumed that the temver-
ature of 320°C (608°F) could be considered as representing an upper,
nccentable meon of the Internal wall surface tempersture of a chim-
ney 1in service.

The observations made in the course of numerous thermal tests
conducted according to the procedures defined by the rules for ap-
proval, show that this temperature of 320°C (608°F) 1s also substan-
tially that attnined by chimneys in the course of the 500°C (932°F)
test at approximately 1.50 m (4.9 ft) from the base course. e did
not think 1t necessary at present to change 1ts value.

Study of the Effect of Assembly Conditions on the 3ehaviour of
the Concrete 3locks

Description of chimneys tested

Cholce of concrete block characteristics

Useful comparative information cannot be derived from a seriles
of tests unless we Know in sufficient approximation what are the
various factors that may enter into the final results. For the pur-
poses of the present study 1t was particularly necessary, if we were
to be able to interoret the results obtained with every certainty,
to know the conditioﬁs that had orevalled in the manufacture of the
chimney blocks beinz tected, thelr ase at the time of the tests,
the condlitions under which they had heen s tored between the time of
manufacture and the time of testing, etc.

Some of this information, as we have already stated, cannot be
Obtained with adernuate precision from the present commercial manufac-
turers. In order to verify or pin down the conclusions which alre=dy

appear to vresent themselves from the results obtained on the widely



varied products examined for purposes of approval, we therefore maru-

factured concrete blocks ourselves, secking to reproduce as far as

possible the conditions of an averase commerclal manufsacturine pro-

cess.

Because we wished to obtain inltial usable reosults as quickly

as possible and Adld not wish to go on multiplying the number of tests

indefinitely, we disregarded some of the important factors at the

beginning such as the character of the concrete constituents or the

form of the casting.

For thesec first
pozzolana concretes,
and one of which the
at room temperature,

These concretes
(1.96 in.) thickness

tests we restricted ourselves to the use of

an aggregate which is currently used in practice
physical and mechanical characteristics at least
are well known.

were cast in the form having solid walls of 5 cm
and a cross-section of 20 x 20 cm (7.85 x 7.85 1in.)

(Fiz. 2), standard products in themselves 2né known from exXperience

to be among those which are most affected, other things being equal,

by the temperature.

The binding material used in all cases is a Portland CPB cement,

class 250/315, the addition of fine agsregates, when necessary, being

made with fly ash.

The compositions of the various mlixtures prepared are those in-

dicated at the tor »f Table I; the sleve analysis curves of these

mixtures are given in TFig. 3.

All these mixtures were prepared from a pozzolana of the same

origin and accordlng to the same procedures, in a vertical mixer of

the same type used currently in factories.

They were then cast in a mechanical, lever-operated machine

equipped with a high frequency vibrator apvlied to one of the mould

faces. The principle of this machine corresponds to that of the

"vibromouleuses"* used in the factories.

* Vibrator moulds (trens.)
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Machine used at the Station for
the manufacture of test blocks

Test of chimney permeablillity.
General view of the installation

Test of permeability of indivi-
dual blocks. General view of

installation

Test of permeability: Detail of
conrection to metal coupling
sleeve leading into chimney
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The results of the approval tests appeared to show 1In a general
way that products permeable to alr have better thermal strength than
lmpermeable products; as we wish to determine the basis of this
Impression and also because we wish to pin down the relatlonship
that might exist between the alr permeabllity of the separate unit
and that of the chimney in service after 1t has been plaster coated,
we tried to obtaln as wide a variety as possible of products from
this point of view.

Three methods have been develeoped to achleve this purpose.

They are, cholce of the aggregate composition of the mixture, the
conditions under which pressure 1ls applied to the concrete, and final-
ly a subsequent correction by apilication of a coating of mortar on
the interior or exterior faces of the chimney blocks after they have
been produced.

The main characterlistics of the chimney blocks thus produced
have also been listed at the top of Table I. The characteristics
of a number of addlitlional chilimney blocks which were tested for ap-
proval and which also figure in our study are indicaeted at the top
of Table II.

Conditions of assembly

After storing under shelter in conditions kept as constant as
possible for a period of not less than three months, the chimney
blocks manufactured by ourselves were taken to the chimney testing
bullding which we have 2lready described to our readers in a pre-
vious brochure.

The counstruction procedure 1s as follows:

Fach chimmey stznds on 2 metal plate which rests in turn on
two horizontal iron T-bars embedded in a masonry wall. The ends of
these T-bars are jolned to the ceiling of the storsy by metal tie-
beams whilch make the assembly rigid.

For easy dilsasscmbly and observation after testing the concrete
blocks are assembled with plaster joints.

The flue 1s bullt vertical with no deviation over 1its entire
height. It consists of chimbey blocks only over a height of 3.30 m
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(10.8 ft ), beyond which 1t is completecd up to a2 helght of 6.50 m
(21.3 ft ) by a ploe of asbcestos cement.

These chimneys, depending on the particular case, either stand
completely free or are joined to the floors by a plaster caulking at
floor level. In some cases the same chlmney was subjected to several
successive tests, some before caulking and others after (sece Table II).

The chimneys assembled from concrete blocks being tested for ap-
proval were employed in the same experimental apparatus. In this
case, hoviever, the assembling procedures differ slichtly from the
foregoing.

The chimneys in this case are again assembled vertically with-
out bends, but now they extend over the entire 6.50 m (21.3 ft).

They are again joined with onlaster, but as they are always backed

by the masonry they are clad with a coating of plaster of 2 cm (.785
in.) mean thickness and are caulked at the respective floor levels
(see Table I11I).

Character of tests and executlion procedures

After sufficlent time had been allowed for drying the assembled
chimneys were subjected in succession to a measurement of permneabili-
ty to the surrounding air, to tests of thermal strength and finally
to two new permeablility measuremnents carried out on a chimney while
hot and after cooling. 1In the course of the thermal test an attempt
was also made to estimate the extent of chlmney movements due to
temperature variations.

At the same time the concrste blocks used in the construction
of these chimneys are subjected to identiflcation tests Dbearing on
the following characterlstics:

apparent denslity of concrete, and homogenelity;

air-permeability of uncoated block;

air-permesability of block after coating with plaster 1 or 2 cm

(.392 in. or .785 in.) in thickness.

The procedures adopted for the various tests will now be describ-
ed.
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Alr-permeability

To measure the permeabillity we employed fans and flowmeters,

the characteristics of which were chosen as a function of the sur-

face areas of the units being tested. In our tests,

the maximum

Z
outputs of the flowmeters employed were 10 m“/hr (5.9 ctm) and

50 m3/hr (29.4 ctm), respectively, for the test on the single con-

crete block and for that on the chimney, at a pressure of 10 mm

(.394 in.) water. The minimum permeablillity coefficlent discernible

by these apparatuses were of the order of 1 and 5, respectively.

The apparatus 1s shown schematically in Fig. 4.

The alr compressed by the fan 1s introduced into the unit to

be tested (block or chimmey) through an alrtight duct and sealing

device, the other end of the unit 1s also rendered airtight.

The flowmeter in the input alr line between the fan and the

specilmen permits calculatlion of the quantity of air passing in a

given time through the walls of the specimen.

A water manometer contlnuously records the pressure prevailing

within the volume bounded by the chimney block and the top and bot-

tom airtizht covers. During the tests thls pressure 1s kept in the

vicinity of 10 mm (.394 in.) water.

In the specilal case of the chlmney test the bottom joining

these 1s the same as that used as a flue gas collector in the ther-

mal test. It has been built so as to permit very rapid connection

of the alr input duct reauired in order to carry out a permeability

measurement on the stil)l hot chimney directly after
The results of these tests are put down in the
permeability coefficient:

K = =€
P.S.t
where % = flow of alr in cms/min;
S = mean slde area of unlt tested in cmz;
P = alr pressure in g/cm® or cm water column;
e = total thickness of material making up the

unit in cm.

the thermal test.

form of an alr-

walls of the



The coefficlent K thus defined represents the volume of air
passing through a wall thickness of 1 cm under a pressure of 1 cm
water, measured over a unit surface of the wall in aquestlion; thils
is, in fact, a specific magnitude of the materials constituting the
unit being tested.

Thermal test

The thermal tests were carried out with a flue gas generator of
the type described in principle in our Cahler No. 238. This appara-
tus was employed according to the procedures 1laid down in the rules
for approval. We shall relterate the essentlials of these here.

The gases produced by an oll burner are introduced into the
chimney through a metal sleeve which has already been mentioned
briefly in connection with the permeabllity test. The purpose of
the sleeve in this case 1s to avold direct contact of the flames
with the block and to ensure adequate mixing of the flue gas. The
burning rate 1s controlled in such a way as to 6bta1n the following
conditions at a point situated 0.10 m (3.937 ft) below the course of
the first concrete block in the axis of the chimney.

First of all the temperature of the gases 1s brought within 5
minutes from the room temperature to 400°C £ 10° (752F & 18°); +this
temperature of 400°C (752°F) 1is maintained for 1% hours. The flue
gas generator is then turned off for about 2 hours.

After this time the test 1s resumed, the temperature of the
gases now being brought up to 500°C I 10° (g932°F % 18°), again with-
in 5 minutes; this 500°C (932°F) temperature 1s malntained for 1}
hours.

At the end of thlis second heating period the generator is agaln
turned off and the flue 1s allowed to cool naturally.

For all the tests the flow of gases into the flue was maintained
at a value as close as possible to 140 0 /hr (82.3 ctm).

The temperatures of the gases and walls were checked Auring the
tests by means of thermocouples distributed at various polnts over
the height of the flues.

Fiz. 5 1s a schematlc dlagram of the installation, showing the
placement of the thermocouples.
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Thermal test on a chimney.
View of a flue gas generator

Thermal test: Detall of connec-
tion to the metal sleeve at the
bottom of the chimney

Check of dimensional variations.
Detall showing mounting of re-
cording deflection gauges
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In order to estimate the behaviour of the chimney during the
test the appearance of cracks or other anomalies is noted as they
occur; at the end of the test, after complete cooling and, where
applicable, execution of a last permeablility test, the chlmney 1is
dismantled in order to permit detailed examination of the internal
walls of the blocks.

Dimensional vesriatlions

With a view to getting the maximum amount of information from
observations of the behaviour of chimneys we al so measured in the
course of the thermal test, the amplitudes of the movements of some
of the chimeys as a function of the variations of temperature.

These checks were made wlth the ald of deflection gauges set
agalinst asbestos cement plates whlich were sealed into the plaster
on the external walls of the flues. These apparatuses were mounted
on pedestals, themselves supported on the floors of the experimental
building which in first approximation were sufficiently rigid and
non-deformable.

Three points of measurement werc selected situated at 0.40
(L.312), 1.70 (5.58) and 3.00 m (9.84 ft), resvectively, above the
base course of the chimney. A similar control apparatus was also
applied beneath the metal mounting plate in order to verify 1its sta-
bility.

The locations of these apparatuses are indicated in Fig. 5.

Such a check, which is somewhat crude, could not of course take
the place of a measurement of the coefficient of expansion of the
chimney. It apnpeared adeguate to us, however, to furnish approximate,
comparative indlications of the app=zrent total expansions of the vari-

ous units tested.

Besults and conclusions of tests

The results obtained have been assembled in Tables II, III and
IvV.

Table IV gives the results of tests carried out on single con-
crete blocks showing high permeability, with a view to determining
the air-tightness conferred by the plaster coatings, devending on
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thelr thickuness.
Tables II and IIL, respectively, glve all the results obtained
on chimneys assembled from concrete blocks manufactured at the Experi-

mental Station and concrete blocks examined for approval.

Permeability

(a) Permeability of matcrials themselves, concretes and coatings

The results in Table IV show the effectliveness of vnlaster coat-
ing from the point of view of permeabillity.

The results at the tottom of thls table relate to concrete blocks
showing a very open structure similar to that of the cellular expand-
ed concretes, and the figures obtalned on these coated concrete blocks
in fact characterize the permeability of the plaster coatings them-
selves.

Comparison of the permeabllity results obtained on certaln con-
crete blocks of the same composition uncoatzsd and coated with plaster
(Table II) confirm the fact that even a very defective perm=2ability
can easily be corrected by thlis means.

From all these results together it can be stated that in the
absence of any local disorder the alr-permeability of a chimmey in
operation 1s not attributable to the permeability of the apparent
coated faces, and that for chimneys carefully coated on 211 their
faces the permeablllity of the supporting concrete block material 1t-
self 1s only of minor importance.

Bules of good constructlon further require that the spaces be-
tween two flues placed side by side or between flues and backing walls
should be filled with mortar.

However, 1t must be recognized that in reality this precaution
1s hardly ever observed, and the coupled backing surfaces or surfaces
of contact between flues are 1=2ft bare.

Under these conditions, which are also those of our tests, it
1s obvious that the permeabllity of the concrete block material does
indeed play an important part in the permeability of the chimney.

(o) Permezbility of the chimney before the thermal test

The results of the measurements permit the followilng conclusions
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to be drawn.

In the first place, because of incomplete fllling of the =pace
between the backing surface and the wall none of the chimneys made
from concrete blocks of high permeability 1is itself airtight. This
chimney surface, lmperfectly protected, allows a certain amount of
alr to pass through, which always Tinds a means of escapinz elther
through the supporting masonry which canmnot be considered alr tight,
or along thls masonry.

It may be noted on the other hand that the coefficient K charac-
terizing the mean total permeabllity of the materials msaking up the
chimney 1s always greater than the coefficlent characterizing the
concrete blocks taken seaparately, when this concrete 1s itself com-
paratively alrtight, and that the inverse situatlion exists when this
concrete 1s very permeable to the air.

For the particular conditons of assembly adopted in our tests
there seems to be a threshold, difficult to determine exactly, below
which the permeabillity of the chimney 1is zreater than that of the
concrete block, while above it the reverse situation holds.

This 13 because the joints between the concrete blocks, although
executed in our tests with exce»ntional care, are not themselves alr-
tight, and the permeability of the chimney even when built with air-
tight concrete blocks and coated on three surfaces, is still influenc-

ed by the permeabllity of the joints on the backing surface.

(c) Permeability of chimneys after the thermsl test

After the thermal test the chimneys most often, in varying de-
grees, show loczal cracks elther In the joints or in the concrete
blocks themselves.

When the chimney 1= hot the majority of visible cracks are
those involving the concrete blocks. Generally speaking they are
few in numher and always close more or less as the chimmney cools.

After cooling, however, the most numsrous cracks are those
localized in the jclnts. They may be of varying size, d=pending on
the condlitions under which the chimuey 1is joined to the building,
rancsing from capillary cracks to creacks up to 1 mm (.04 in.) in thick-

ness.
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These cracks do not appenr to have any substantial effect on
the overall permeablility of the chimney.

The permeabllity measurcd on the chimney while it is still hot
even seems very slishtly lower than that obtained on the same chim-
ney before the thermal test. This might be due to an improvement
in the tightness of the joints, il.e. as a result of the compression
stresses produced by the high temperature.

After the thermal test, on the other hand, the permeabllity
agaln appears $o increase slightly as the chimney cools and to re-
turn to 2 value very close to the initial one measured on the chim-
ney before the thermal test.

Measurements carried out for verification purposes on separate,
uncoated concrete blocks with and without cracks, confirmed that the
cracks, except in cases of real breakage, had no appreciable effect
on the total permeabllity of the product.

The results of these permeability measurements are summed up in
the following remarks.

Althoush the coatings applied to the concrete clocks are, by
themselves, alrtight for all practical purposes, the masonry chimneys
as realized 1n practice have no chance of attaining a satisfactory
lmpermeability to alr unless they are constructed to begin with from
chimney blocks which are equally alrtight.

Assuming that this conditlion hmas heen satisfied, the required
impermeability still cannot be obtained unless very great care 1is
also aoplied in assembling the units, especially in the execution of
the joints and indeed all of the joints. It should he remarked here

that our measurements indicate only a mean total permeability of the
chimney, and that actually where a localized malfunctioning occurs at
one or more jolnts, the auantity of gas that can diffuse into the
space wnere this malfunctioning occurs may be much greater than the
measured permeability would appear to indicate.

As long as cracks remain sufficlently fine, and fortunately the
ma jority of those observed 1n practice fall within this category,

they 80 not appear to have any serious effect on the impermeability.
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The only ones that constitute a serious danger are lerger ones, say
of the order of 1 mm (.04 in.) width at the outside surface, indica-
ting either a break 1n a concreste block or the total separation of
a joint.

Finally, the permeablility of a chimney is basically a function
of the care with which 1t is installed, a factor which can scarcely
be estimated in any precise manner by tests.

The permeability test of the chimney, which does involve this
parameter incidentally, 1s doubtless of value as a check, but can-
not be considered as a basls for the selection of the concrete
block.

From the standpoint of the dquality of building materials the
only characteristic which has a bearing on the permeability of the
chimney 1s the permezhllity of the concrete itself of which the con-
crete blocks are made. It 1is more accurate and more correct to

determine this value from the separate concrete blocks.

Expansion and thermal strengoh

(a) Effect of the concrete block composition on the behaviour of
the flues

Let us reczll first of all that in our tests the chimneys are
subjected to the action of a flue gas flow, and temperature which
are reproduced 1dantically at each instant from one test to the next.

Under the effect of thesc ideuntlcal heating condltions the tem-
peratures of the flue walls, which are already variable with height,
can of course attaln different values depending on the characteristics
of the materials constituting them. Moreover, the concretes or mor-
tars subjected to heat always undergo some shrinkage ovwing to the
expulsion of some of the water contained in them.

It is important to note, therefore, that the dlmenslonal varia-
tions 1indlcated by us actually represent only a total apparent elongzs-
tion of flues resulting from these particular conditions and are not
necessarily directly proportional to the coefficient of expansion
pertaining to the materlals constituting them.

Having said this, we find by comparing 211 the results obtained
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on the free standing chlmneys (Table II), that the total elong~tion
of the flue increases with increasing density of the concrete bhlocks,
or, what amounts to the same thing, 1lncreasing compactness. The

dif ferences are considerable since they cover a ronge of ratlos from
1 to 4 when the Adenslty of the concrete increases from 1.23% to 1.77
(chimneys 1 to 6, not fixed in the floors).

In these same chlmneys the cracks found at the end of the test
are larger and more numerous for the denser concrete blocks. Only
the lightest concrete blocks, those of a density of less th=n 1.52,
show practically no crackage (uncoated blocks).

In addition, these Increases 1n the dimensional variations and
the development of cracks appear to be of the same order when the
increased density of the concrete results from a supplementary addi-
tion of fine azzregates and also when 1t 1s a consequence o0f a great-
er compression applied in the casting.

On the other hand, the results obtained on .the chimneys of
seriles l; 2 and 3, show that the application of a rich interior or
exterior mortar of hizh mechanical properties to a light concrete
block also increases conslderably the sensitlvity of the material
to heat; all these chimneys, in fact, showed a considerable apparent
expansion and serious crackaze.

In this respect the least objectionshle solution still appears
to be that of an exterusl coating, doubtless because 1t corresponds,
other things belilng equal, to relatively uniform distributions of
temperatures over the thickness of the wall, and also because to
some extent 1t exerts a hoop effect on the vroduct.

We may note, finally, that the observed apparent elongzation of
chimneys fixed 1n the floors 1s always very slight rezardless of the

concrete composition of the concrete blocks employed.

(b) Effect of the manner of installation

As Tables II and III show, most of the chimneys are cracked by
the end of the thermal test. The sliie of the cracks, the time of
thelir appearance and thelr location differ depending on whether the
chimney 1in cuestion 1s jolned or not to the bullding as a whole by
caulking at the floor level.
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Furthermore, these caulklng conditions have different effects
on the cracks localized at the joint level and those affecting the
chimney blocks.

Cracks at the joints

Only chimmeys 1 a2nd 2, free-standlng and assembled from the
lightest concrete block and left uncoated, showed no cracks at the
Joint levels either in the course of the test or after cooling. All
the other frees-standing chlimmeys had capillary cracks at practically
every joint. After the chimney had cooled these cracks closed up
again.

The Joints of the chimmeys flxed by caulking at the floors also
showed some caplllary cracks during the course of the tests, but in
this case they were less systematlically 4distributed over the heilght
of the chimney. In all cases, however, exXcept chlmney 2, at least
one of thesc cracks in each space between floors, most often situated
about half way between the floors, showed up on éooling and attalned
a width of the order of a millimetre or more.

The caplllary cracks observed in the first case result from the
shearing stresses produced at the interface between the concrete of
the chimney blocks and that ©of the joints by reason of the intrinsi-
cally different characteristics of these materlials both as a function
of the cxpansions and of the shrinkages.,

They have the same origin as the cracks sometimes observed in
the masonry joints of walls or partitions, but are more systematic
because of the greater amplitude of the temperature varlations.

They can also apprear, and sometlmes do appear in practice, even be-
fore the chimney bezins to operate, for example, if the concrete
blocks employed are too green vhen assembled 2and are coated under
poor conditions or prematurely.

When the chimneys are fixed in the floors these cracks resnult-
ing from horizontal shearlng stresses no dcubt do occur but are not
apparent when the chimney 1s hot because of the vertlcal stresses
developed in the chimney by the temperature.

These vertical stresses, due to the resistance to expansion pro-
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vided by the floors are certalnly of conslderable magnitude in re-
latior to the amplitude of the movements displayed, other things
being eaqual, by the equivzlent free-standing chlimeys. They are
sufficlient to result in the crushing of the weskest, or the most
severely stressed joint and to be followed, on cooling, by a2 com-
blete horizontal fracture of the chimney. The effect of the sup-
plementary shriankage of the concrete due to the ralsing of the tem-
perature contributes, of course, to 2 still further acceleration of

thils process of cracking.

Cracks affecting the concrete blocks

The results of the tests seem to indlicate that the procedures
for incorporating chimmeys into bulldings generally do not have,
other things being edqual, any great influence on the benaviour of
the concrete blocks; concrete blocks of the same composition assem-
bled into free-standing chimneys and fixed ones, respectively, show
practically the same cracks as a result of the thermal tests, as
Tanle II will indicate.

It should be noted, however, that thié result may be due partly
to the nature of the joints, which, here executed in pl=aster and
therefore constitutinz weak polnts in the chimney masonry, have con-
tributed, by being first to yleld, to the restricting of the stresses
developed in the chimney blocks due to the vertical expansion.

The effectiveness of the caulkings 1n the floors, also executed
in plaster for the purpose of our tests, and which could also have
some effect on the behaviour of the chimney blocks, on the other hand
anpears to have been total, according to the results of the elonga-

tion measurements.

All of these observations taken together sugrest the following
points:
For a given agsregate and glven shape it wonld appear, as gener-

ally supposed, that the thermal resistaonce to cracking of a concrete
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block varles inversely as 1ts lmpermeabllity to air.

Satisfactory impermeabllity can be attalned in a2 simple manner,
elther by compressing very highly in the casting of a concrete of
sultable proportion, or by the addition of an excess of filne agore-
gates to the mixture composition, or finally by applicatlion at the
time of manufacture of an internal or external coating to the slde
faces of the chimney blocks.

The tests show that the latter solution, which in sny case 1is
hardly oractical, leads to disappointing results from the stand-
point of thermal strength. It should not be encouraczed.

Of the other two solutlons, it 1s undeniable that increasing
the proportion of fine aggresates in the mixture results in the
concretes showing greater shrinkage.

A compromise must be sousht in the application of manufactur-
ing techuniques wnich will provide the reculred impermenbility call-
inz for the minimum proportion of fine augresates for effective ond
strong homozeneous compact mixture.

Where the desired lmpermeabllity 1s attalvned by the use of ex-
cesslively rich fine sgzresates, or by the applicztion of mortar coat-
ings of the same type as the walls lead, for equlvalent permeablility
values, to results that are inferior from the standpoint of thermal
strength, either because of greater shrinkage, or the irresular dis-
tributlion of stresses. Such solutlions should therefore be avoided.

The use of concrete blocks showing the required thermal strength
characteristics does not eliminate all risk of chimmey cracking. In
particular 1t seems difficult to avold completely the development of
horizontal joint cracks, which are the conseauence of physlcal pheno-
mena agalnst which the only remedy 1s to foresee them.

When the chimmeys are free to expand in the construction these
cracks remain capillary and will remaln the ‘iner, the smaller the
dimensional vari~tions of the concrete block. Provided the necessary
time and pnrecautlons are observed at the time of assembly 2nd appli-
cation of finishes the craciks should not reach the surface of the
coatings.

However, when the chimneys are attached rizidly to the floors



of the constructlion 1t appears that only such artifices as the tech-
nlcues based on the principle of double independent walls malke it
possible to avoid in this manner the appearance of more or 1less lo-

calized disorders.

In summing up, these odreliminary tests indicate that the behav-
iour in time of a chimney bullt of concrete blocks depends more on
the intrinsic cuality of the units used in 1ts construction and the
care taken 1in thelr installation.

This intrinsic quality of the units which might have depended
on the principle of installation, however, has of course nothing to
do with the quality of installation, which 1s completely forelasn to
it.

Under these condltlions it would appear thaf the problem of de-
terminingz the sulitabllity of a concrete block for use in a chimney
could be concelved in a muczh simpler form than a test on complete

chimneys.

The search for a simplified test

The mann=r of installation, since i1t involves primarily the
vertical compression stresses, has but little influence on the ther-
mal resistence of the concrete hlocks, the concrete of which general-
ly has adequate compression streungth.

However, the behaviour of the blocks with resvect to heat is
associated with all the factors which may haove a direct or indirect
bearing on the magnitude of the teusile stresses that develop simul-
taneously in the chimneys. It unauestionably devnends on the inherent
cxpanslion or elastic properties of the concrete and on the shape of
the blocks.

Now, the data which we possess on the particular properties of
the concretes or the way in which they vary with temperature are
rather meagre 2t the present time, and mere calculastion does not

enable us to nredict with sufficlient certainty, on the basis of data



that are already incxact, the precise Alstribution of the stresses
at various points 1n a casting cven of simple form. A =uitable se-
lection would scarcely be nossible, therefore, just now, beyond a
test of the entire product.

One of the main purvoses of our research, moreover, wWas to fur-
nish manufacturers with an effective means of checklng their produc-
tion, and this check, becling Inftended primarily to reveal such faults
as lnhomogenelty in the castlng, could harcly be concelved otherwlse
than in this form. ’

Our study was therefore oriented towards a test of thils nature.
We wlshed to make it as simple as possible and at the same time
meaningful.

In reality the temperatures zttained by the concrete hlocks de-
pend on the thermal evchanges betvieen the walls of the flues and the
flue gas, on the veloclty, tempersture =2nd variable chemical composi-
tions. As the approval tests have already shown, 1t 1s difficult to
realize these condltions of exchange in a test which must be above
all strictly reproducible, and must not involve large, costly appa-
ratus.

In any case the chemlcal effect of flue gas could scarcely be
comprehended in a test of necessarily short Auration, and in view
of this we preferred to abzndon sources of energy by combustion which
are Aifflcult to control, in favour of electrlicity which is much more
flexlible and precise.

We therefore produced a rudlmentary apvparatus comprising an
electrical resistznce wound on a refractory cylindrical core which
could ve introduced into the axls of the units to be tested. The
first results obtained with thils apparatus were euvcours=:zing and we
trerefore vroceeded to deslgn a more robust and practical version
and ultimately produced the apparatus 1llustrated schematically in

Figz. 6.

Technical descrintlon of the apparatns

The avsparztus consists essentially of a series of 1500 watt

electrical resistance elenents connected 1n varallel and arranged



vertically one above the other on a horizountal metal pedestal of
dlmensions sultable for the concrete blocks to be checked. The length
of each resistance corresponds to the length of three superimposed
blocks.

The blocks to be tested are stacked one above the other on the
pedestal centred about the elements. Asbestos packlings between each
pair of blocks and at the top and bottom replace the usual plaster
or mortar jJolnts. These restrict the heat losses and at the same
time permit easler dismantling of the blocks.

In order to avoild too severe a direct radlation of the resis-
tances against the walls of the hlocks, in the course of the tests
a perforated metal sheath 1s introduced into the space between the
electric elements and the blocks. Thls sheath is composed of two
parallel surfaces conslsting of sheet metal plates protected with
asbestos and staggered in such a way as to ensure a suitable mixing
of the alr and an even distribution of temperatures within the space
enclosed by the blocks.

This sheath 1s pzrallel to that of the blocks and the space be-
tween the planes defining the outsilde envelope of the sheath and the
wall of the blocks 1s approximately 1.5 cm. After the blocks and
sheath have been set up the upper horizontal edge of the last tile 1s
surmounted by 2 metal plate lnsulated with asbestos which thus closes
of f the whole volume.

Two of these apparatuses were bullt, one for testlng blocks of
14 x 20 cm cross-section and the other for blocks of 20 x 20 cm cross-
section. The total electrical consumptlions of these apparatuses are
& and 12 kw/h, respsctively.

Maintenance of the desired temperature iuncrease .curve, regulated
according to the readings glven by an iron-constantan thermocouple
eonnected to a recording galvanomoter, is at present achleved by cut-
ting off the feed current at an ordlnary switch. It is obvious, how-
ever, that this arrangzment, which requires the constant presence of
an operator at the apparatus, could be replaced by an automatic con-
trol device.
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Apparatus for thermal test on separate blocks

Assembly of the radla- Mounting of first block
tion protectlion slceve

Detall of assembly of the
electric heater elements
on the pedestal
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Analysis of utilization procedures

The magnitude of the stresses developed at any glven time in
a given block 1s directly proportional to the temperature differences
existing at this time at various points in the block.

The behaviour of the concrete with respect to these stresses is
itself linked to the absolute value of these temperatures, which to
a certain extent determine the mechanical properties.

The test conditions are thus defined both by the value of a
mean test temperature and by the rate of heating, which determines

the above-mentioned differences.

Preliminary tests

A few preliminary tests were carried out at the outset in order
to gauge the possibilities of the apparatus and to determine exactly
the temperature gradients established in the course of opreration with-
in the test space enclosed by the blocks.

These tests showed that the temperatures prevalling at a glven
time at corresponding points on each fan at the szame horlzontal sec-
tion remained sensibly the same, within a few degrees, in the immedi-
ate vicinity of the walls.

In the vertical directlon, however, the temperatures decreased
at a constant rate from top to bottom of the three assembled blocks,
the mean temperature difference being about 60°C (108°F) for the end
blocks. _

However, over the height of the median block this difference
does not exceed 10°C (18°F), which, for the contemplated working tem-
peratures of the order of several hundreds of dezrees, 1s still quite
admissible.

Thus the test appeared sufficilently well defined, provided one
takes the precaution of checking the test temperatures at a point
situated at the level of the median section of the second block.

This block thus forms the object of the temperature check, properly
speaking, the other two merely playing the part of a guard ring.

However, the vertical temperature gradient remains substantially



the same, and a study of the relative behaviour of the three blocks

can if necessary provide additional information on the quality level
of the test specimens.

Choice of test temperatures

The results of some fleld tests which we undertook, reinforced
by information obtalned from the exlisting literature, seem to indi-
cate that a temperature of 320°C (608°F) (internal wall surface tem-
perature) would reproduce fairly well the average conditions prevall-
ing in residential chimneys under normal service conditions.

Temperature measurements made in the course of tests according
to the aporoval procedures show that this temperature of 320°C (608°F)
is approximately that observed on the internal walls of chimneys
built of blocks with the contemporary characteristics, during the
500°C (932°F) test, at approximately 1.50 m (5 ft) from the base.

Apparatus for thermal test on individual blocks.
Apparatus set up for operation



The criterion by which the thermal test for approval purposes
1s judged is precilsely the appearance presented by the units of the
chimney beyond this height of 1.50 m (5 ft). In the absence of
serious indications to the contrary we declded to retain this wall
temperature of 320°C (608°F) in attempting to define the procedures
for the utilization of our simplified apparatus. This has the ad-
vantage of permitting a more direct comparison of the two tests.

However, the internal wall surface temperature of a chimney
unlt for a given number of heat 1Input devends on the actual or wall
thermal conductivity to heat flow of thls unit as well as the condil-
tions of thermal exchange with the external =znd especlally the in-
ternal environments.

Basing the test on a constant wall surface temperature of the
block would have been tantamount to subjecting the tested products
to "different heat loads", and would have favoured certain products
over others.

We have thus defined the temperature that it was necessary to
maintain in the air of the test chamber in order to obtain the de-
sired wall surface temperature from results obtained on 5 cm solid
wall blocks, which were consldered to have average thermal Insulation
properties. Thils alr temperature was itself defined at a sufficient
distance from the surface of the blocks so as not to be Influenced
by them.

Cholce of the manner of ralsing the temperature

If we disregard the stresses due to migrations of molsture in the
concrete and to the corresponding supplementary shrinkages, the hori-
zontal stresses developed iIn the concrete walls at any ziven time
are a reflection of the temperature gradients existing at this mo-
ment in the successlve coaxial sections of these walls.

Before the heating apparatus 1s turmed on, all these wall sec-
tions are at room temperature. When heating begins the temperature
of the internal sections rises rapidly, while that of the outer ones
increases more gradually. The temperatures throughout the walls thus
evolve progressively until a steady state 1ls reached.
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When the heat source 1s turned on the hot Internal sections ex-
pand and find themselves In a state of compression from the colder
external sectlons, which exert a restralning effect on them. These
external sections, on the other hand, show horizontal tenslle stres-
ses of an equal resultant value.

The absolute value of these stresses, of course, does not remain
constant, but evolves continuously until the steady state 1s estab-
lished.

A theoretical sutdy of COSTIC, published under the signature of
M. Tirel in the issue of June 1957 of "Industries Thermiques" con-
cludes that in the ideal case of a materlal assumed to be unshrink-
able, the maximum compressive stresses developed in the walls of
chimneys always occur, in the steady state, in the immediate vicinity
of the internal walls and the maximum tensile stresses in the immedi-
ate vicinity of the external walls. This would hold regardless of
whether the chimney was free to expand or was restrained in some way.

A theoretical, graphical representation of the stresses 1n the
walls is shown in Fig. 7, taken from the cited paper.

The same study further concludes that the maximum compressive
stress, in absolute wvalu=, occurs at the time when the gas tempera-
ture in the flue reaches its maximum, whereas the maximum tensile
stress is reached only when the temperatures at all points in the
wall have become stabilized.

When testing pozzolana concrete blocks with 5 cm solid walls
we recorded the temperature variatlons at six points through the
thickness of one of the walls. The results obtalned are glven by
the curves of Fig. 8.

The similar shape of the time-temperature curves seems to con-
firm well the above concluslons, since the temperature variations
and the stresses vary in the same sense. Moreover, th 'r general
course shows that the time required to attain an effective stable
regime is very long.

On the basis of thils information we systematically tested some
blocks of the same origin or composition and under different heat
input, including: (1) a slow temperature increase up to 400°C
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(752°F) by 50°C (122°F) stages each maintailned for about 10 minutes,
followed by heating for one hour at 400°C (752°F); (2) a more rapid
temperature increase up to 300°C (572°F) in 10 minutes followed by

a rise from 300°C (572°F) to 400°C (752°F) in 5 minutes and then
maintalning the temperature at this latter value for one hour;

{(3) increasing the temperature as rapldly as possible up to 400°C
{752°F) and mailntaining the temperature at this value for 5 hours.

The results of these tests are glven in Table V.

The rates observed, whlich were delliberately restricted with a
view to the later practical use of the apparatus, were not sufficient
£o bring out substantial differences from one manner of heating to
another. The rapid "thermal shocks" actually influence, for zall
practical purposes, only the compression stresses developlng near
the internal surfaces of the tested unlts, stresses which the con-
crete withstands fairly well. Substantial differences in the values
of the tensile stresses localized in the zones of the walls which
are the last to be heated could scarcely be obtalned except in tests
of longer duration.

Finally, we prefer to adopt the last of the above heatling rates,
which 1s 2also the one enabling us to obtaln in the shortest time the
external temperatures of the walls which, other things belng ecual,
are closest to the operating temperature.

The test procedure also has the advantage of reproducing on the
intermal surfaces of the blocks, for a control temperature of the
apparatus of 475°C (888°F), temperature condltions close to those
determined in the course of the field tests on chimneys, the results
of which have been given elsewhere (Fig. 9).

Procedures adopnted

As a result of the above  onslderations and the preliminary

tests we adopted the following procedures for our seriles:

Position of temperature check point

Poilnts situated in the median section of the 2nd block in the
plane of the iInternal annular protecting sleeve, between a sheet
metal unit and 1ts asbestos protector.



Maximum test temperature

475°C (888°F) at the ahove-mentioned check point; this tem-
perature corresponds, for a block of average properties not insulated
externally, to an internal wall surface temperature of aporoximately
320°C (608°F), after 4 to 5 hours operation.

Curve of tempzrature rise

In our tests we try to reach this temperature of 475°C (888°F)
in as short time as possible, 1.2. in about 10 minutes. The tem-

perature is then kept constant for at least 4 hours.

First data obtalned with the apparatus

Blocks of different types, some of our manufacture and sone
products heing examined for anproval, were subjected slde by side
to a thermal test with the ald of the flue gas generator and with
the aid of the above-described, simplifled apparatus. The results
of these tests are summarized in Table V.

On the whole, when slicht differences observed in the curve of
temperature increase are taken into accounf, the behaviour of similar
blocks in the two tests is quite comparable.

Furthermore, certzain information which could not be determined
with certainty from the generator test because of the presence of the
exterior plaster coating on the blocks or because of the time requir-
ed for dismantling, could be verified by the electrical heater test,
especlially with respect to the conditions under which cracks appear
and evolve 1in the course of the test, and with respect to the influ-
ence of the block shape.

Conditions under wnich cracks appear

External cracks

External cracks due to tensile stresses always appear, of course,
during the heating up period. Generally they do not involve the
whole thickness of the block, but are of wvariable depth from a few
millimetres to 1 or 2 cm. These are the cracks which close in the
course of cooling until, 1n.the cooled block, they are scarcely dis-

cernible.
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In certaln rather rare cases the crack, a capillary one at
the beginning, propazates in the course of the test until 1t involves
the whole thickness of the wall. In thls case 1t then closes only
partinlly in the course of cooling.

Tests have been carrlied out on certaliln special blocks wilth a
view to discovering whether as a result of successive heating and
cooling cycles the caplllary cracks noted during the first period
do not become aggravated to a sligniflcant degree.

We have not discovered any great differences after these cycles
elther in the number or the size of these external cracks, nor, as
far as we could judge, 4l1d they progress vislibly within the mass of

the walls from ons test to the next.

Internal cracks

We were successful in establishing that the internal cracks
frequently found after flue gas generator tests in the disassembled
blocks all appeared durinz the coolling phase.

Under the effect of the rising temperature the concrete under-
goes an expansion that 1s psrtlally compensated by an accompanyilng
shrinkage due to drying; one of the effects of the high temverature,
moreover, 1s a substantial alteratlon of the mechanical characterls-
tics of the concretes, particularly their tenslle strength.

These shrinkages and losses of strength are at least in part
irreversible phenomena and theilr comblned action, aggravated still
further by the thermal shock due to cooling supported by the internal
zones of the walls brought suddenly from an environment of 300°C
(572°F) to one of a few tens of dejrees only, 1s enough to explain
the appearance of these cracks.

The heating and cooling cycles applled to certaln blocks have
shown that unlike the damazge on the extzernal surfaces, the internal

cracking 1s more or less aggravated from one test to the next.

Effect of the block shape on the development of cracks

The results obtalned with the above-described simplified anpara-

tus, which are parallel, as we have sald, to thoses obtained from flue
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gas generator tests, confirm that the shape of the block or the
design of their walls, other things belng eaual, plays an lmportant

part in the behaviour of the products with respect to heat.

S0l1id wall blocks

The test confirms that as a general rule the thlcker the wall,
the greater the risk of cracking. [t should be noted, however, that
this result obtalned from blocks of wall thlcknesses between 2.5 and
5 cm would not perhaps be obtained with walls that were much thicker
and the external zones of which, being little affected by the heat,
could retain thelr properties sufficiently in order to exert an ef-
fective hooping influence without damage.

The observations made further show that the cracks are approxi-
mately vertical and occur most often at the centres of two opposite

block surfaces.

Special case of chlmney bhlocks for dual flues

The test behaviour of these particular unlts 1s substantially
the same as that of the solid wall units for individual chimneys.
However, in our tests, here only one of the chimneys is brouzht to
the test temperature, and thls produces an uneven distribution of
the stresses and displaces the cracke most fregquently owvserved in

the direction of the partition separating the two chimmeys.

Cell wall blocks

The blocks that we tested consisted of two concrete walls 2 to
3 cm thick joined together Dy transverse partitions at the axis of
the faces, thus =nclosing four cells 1.5 to 2 cm in thickness.

The cracks observed involved the internal face of the inslde
wall and sometlimes the whols thickness of this wall, but never the
outside wall. However, these cracks were vary frequent on the in-
ternal wall.

This 1is due no doubt tc the additional thermal insulation pro-
duced in the walls by the presence of the zir gaps. 3Because of these

zaps the internal surface, fbr the given test conditiors, 1s raised
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Some types of blocks submlitted for testing

Single block with Single block with Single block with
5 cm solld walls 3 cm s0lid walls cell walls

Single block with 2 Compartmented Compartmented double
Independent envelopes double chimney block with cell walls
block with 3 cm
solld walls

Example of the type of

rupture occurring in a

single block with cell
walls
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substantially, while the mean temperabture of the out slde walls 1s
lowered. Furthermore, each of tnese walls 1s subjscted to tempera-
ture differences lower than those which would occur under the same
conditions in comtemporary solid blocks.

Thus, the frecuency of Internal cracks found appears to be due
mailnly to shrinkages of the concrete of the internal =Zones, aggrava-
ted by higher wall temperatures for =z given thermal load.

Finaslly, these cracks almost always apnear in the vicinity of
the transverse Joining partitions, polnts which obviously constitute

zones of maximum stress concentration.

Special case of chimney blocks For dual flues

Cell wall blocks for dual flues bullt on the same principle as
the above blocks are also very frenuently subject to cracking in the
internal walls.

Furthermore, manufacturlng considerations make 1t necessary to
increase the numbhaer of jolning partitions in these particular units.
These partitions constitute so many fixed points which prevent defor-
mations of the block under the effect of the exvansions and thus
transmit considerable str es locally which can iIn turn faclilitate
the appearance of external cracks,

It i1s very difficult, under these conditlions, to obtain blocks
of thils type that will behave in a completely sztbtlisfactory manner.

In examining the behaviour of blocks of ithis type and of the
same composition, differins only with respect to the position of the
Joining partitions, it was also noted that the displacement of the
partitious merely resulted in the systematic displacement of the
crac£s. The same composlition of concrete applied to the manufacture
of units for indivicdual chimneys, however, gave completely satisfac-

tory results in these cases.

Possibilities of aoplication for the aovplsaratus

A test 1s signiflcant and leads to a2 valid classification 1if
the comnditions which 1t reproduces make the same demands on all the

materinls or units to be clzassified and if these demands nre compara-

hle to those of actual practice.
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In order to meet this definition we tried to select thermal
load conditions which would correspond to the loads actually bomrme
by blocks under averaze contemoorary conditions of utilization.

The procedures adopted doubtless make greater demands on the blocks
than those which they would have to meet under many practical clrcum-
stances. On the other hand, they are certainly less severe than
other working conditions which, althouzh acclidental, are nonetheless
frequent, for example ignition, open ash vit door, etc.

In any case, these thermal load condltions certainly mneet the
other requiremznt of the test, 1.e. that of belnz easlly reproducible
from one test to the next.

However, in the presence of these well-deflined thermal conditions
the bchaviour of a chimaney unit still depends on the method of assem-
bly applied to 1t.

e have given the reasons which led us to disregard, amoaz the
factors defining this method of assembly, those.associated with the
principle by which the chimney is jolned to the structure. These
reasons are vallid, of course, only for curreant practice under which
concrete block chimneys are installed. Thus no conclusion could be
drawn without an additional study concerning the testing of products
differing from these blocks, nor indeed the testing of blocks which
were put into operation by methods differing from contemporary tech-
niaues.

Another factor characterizing the conditions of block assembly
is the value of the thermal insuleztion conferred on the chimney or
by walls finished with a lining.

This additional insulztion, as we have said, rcubstentially modi-
fies the distribution of temperatures throughout the material of the
chimney by improving 1ts homogcnelty, which is a favourable condition
from the point of view of the tensile stresses at high temperature
and therefore from the standpoint of external cracking, and in the
sense Of hizher mesn temperatures which is an wnfavourahnle clrcum-
stance from the voint of view of 1internal cracking.

Actually, the fact that we neglect thls external thermal insula-

tion which 1s always applied In practice makes the test more severe

and, which is a more serious criticism for a classification test,
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may slve some products an unfalr advantage.

With a view to determining exactly the source of the error intro-
duced by the absence of this insulation we intend to carry out a
serles of supplemnentary, parallel tests on bare hlocks and bhlocks
protected by external movable sleeves having thermal insulstion pro-
perties equivalent to the coatings actually applied to blocks in
practice.

The presence of these sleeves, even if they are designed inde-
pendently of the blocks and are movable, cannot help but make more
difficult the observation of the products during the test, and we do
not think that 1t will be necessary to have recourse to i1t where the
test is anplied to the checking of a glven production series, which
can be regarded in principle as belng put into operation under always

comparable conditions.

Finally, the results hitherto obtaired with the thermal testing
apparztus on blocks have been found, broadly spe=king, and under the
conditions of utilization adopted, entirely parallel to those furnish-
ed by the thermal test on chimneys as defined in the rules for approv-
al.

The material golng into the construction of this apparatus is
sufficiently simple and strong to find a place in the manufacturing
plant itself. Moreover, the conduct of the test iltself does not re-
gulre any speclzl technical skill or knowledge on the part of the
user and can even be rendered practically automzatic without compli-
cating 1t unduly. Finally, the test i1tself 1s rapid and the small
guantity of production needed in each operatlion facilitates the
multiplication of tests at minimum expense.

For all these reasons, thils simplified thermal test already
apocars to us to be a sure mesans of checking which 1s particulsrly
adapted to factory snd plant requirements. If well used it should

constitute an effective supplementary means for the careful manufac-



turer to verify the uniformity of his products snd thelr average
quality. '

Furthermore, thanks to its flexlbllity and ease of observation
it could also, possibly with certzin modifications in the test pro-
cedures such 2s the above-mentlioned condition of insulating sleeves,

be used as a rapld means of classifying blocks.

Besearch of a More Fundamental Nature

Supplementary tests

The walls of the block hested on one face only will crack when
the stresses at a glven point resulting from the temperatures, or
more exactly from the consequent deformations, exceed the ultimate
strength of the material.

The danger of cracking thus depends, for glven test conditions,
both on the mechanical properties of the material and on those charac-—
teristics of 1t which determine the magnitude of the stresses; ob-
viously this risk decreéses with an increase of the former and a de-
crease of the latter.

The manufacturer of concrete products wishing to go into the
manufacture of chimney blocks must certazinly make a cholce among the
materials and techniques avallable which will best meet these re-
quirements, but for that he must of course possess adequate knowledge.

Particularly in the case of concretes, this knowledge is still
very lncomplete.

We Kknow, for example, that heat causes the expulsion of combined
molsture and thus influences the mechanical strength values of the
concretes, and this leads to supplementary shrinkages which in tumrm
produce stresses, but the precise behaviour of various binders in
connection with this phenomenon or the differences in strength that
may result from it are not known.

On the other hand, certain lutrinsic properties which play a
declsive role in the development of the stresses, for example the co-
efficlent of expansion or that of elasticity, are not precisely de-
fined, especially for the tempesratures under consideration, and the

effect which the various parameters defining the concrete may have
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on these 1s complestely unknown.

Side by silde with our studles of chimwney blocks, therefore,
with A view to attempting to fill in these gaps in our informntion,
we have undertaken a whole series of tests to determine the main
intrinsic properties which we belileve must play an important part
in the behaviour of the chimmey.

In order to eliminate the effect of the shape of the blocks we
decided to carry out these measurements on small speclmens. A large
number of such speclmens were thus prepared, differing one from
another 1in the kind of binder or aggregate employed, in the grain
composgition of this aggregate, the proportion of water present, and
by the conditions of stress applied on thelr installation. First of
all, of course, we determine the usual identifylng properties of the
concretes used in these specimens: shriunkage, apparent density and
mechanical strength, especially tenslile strength, but also propertles,
a knowledge of which 1s less often required, anc which therefore are
less frequently measured, such as alr permeabllity, linear coefficlent
of expansion and elasticity-

Parallel tests were carried out on speclimens at room temperature
and identical speclimens after exposure to heat under various condil-
tions differing by age of the specimen at the time the temperature
was Increased, the value of thls temperature, or the time during
which 1t was applied.

The tests were also carried out, for purposes of comparison, on
materials other than the councretes, materials which are also used in
chimneys such as clay and asbestos cement.

These tests, which were delzyed by certain difficulties in the
development of the necessary test appartus, are now under way, but
1t 1is too soon to report on them here. We hope to be able to do so
very shortly.

However, prior to the final development of the mentioned appara-
tus, we had already made some basle tests with improvised apparatus
with a view to supplementing the 1dentificztion tests on precast
blocks which had been =ubjected elsewhere to full-scale tests, and
to enable us to explain more fully the results obtained on these

precast blocks.
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Nature of tests and test procedures

These tests were carrled out on specimens sawed out from the
faces of blocks that had been studied elsewhere for thelr behaviour.
The tests relate to the following properties:

Mechanical strength values at room temperature

(a) Compression strength and elasticity, measured on cubic
specimens of 5 cm side taken from the faces of blocks;

(b) Tensile strength, determined from specimens cut vertically
from the walls of tiles; these specimens were subjected to a pure
tensile test on a Michaells type machlne;

(c) Bending strength: we also wished to attempt to determine
the preclse lmportaznce to be accorded certain caplillary cracks fre-
quently observed but of which 1t 1s always difficult in the time
allotted for testing to estimate the depth and seriousness (Fig. 10).

For this purpose we carried out a number of comparative bhending
strength tests on specimens cut from varlous faces of the blocks,
some of which, during the test in the strength apparatus, showed in-
ternal or external caplllary cracks.

Supplementary shrinkage and dimensional_ varistions

The dimensional variations of the concrete block were determined
from bars 16 cm lonz cut from the faces of the blocks in the vertical
direction. After cutting, the ends of these specimens were fitted
with steel tips and thelr dimensional variatlons were determined with
the ald of a deflection zaucze.

To beglin with the concrete of these specimens was aged sufficlent-
1y so that they could be considered to have completed thelr normal
manufacturing shrinkase. After belns measured at room temperature,
which was the zero noint of the measurements, the samples were placed
in a space heated by electric hester elements gencerally to 300°C
(872°F), sometimes to 450°C (842Z°F) or 500°C (932°F).

The length of the speclimens was agzain determined 5 hours after
having been placed in the heated space, and then zgain after complete
~oo0ling.



It should be mentioned here that the preclsion of such mezsure-
ments, always carried out with the zid of the deflection gause in
the ambient air, is rather uncertalin, both by reason of the errors
introduced due to the heating of the measuring apparatus and because
of the cooling of the speclimen between the time it 1s taken from the
furnace until 1t 1is measured.

Thus the figures given csnnot clalim to represent any coefficlient
of expansion, but simply provide approximate comparative indications
with respect to the various concretes.

Comparison of the initlal readings with those taken after com-
plete cooling enabled us to determine the supplementary shrinksge ex-

perienced by the specimens in the course of heating.

Besults and conclusions of tests

The results ovtalned are glven in Tables VI to X.

Tables VII to X rel=zte to the tests executed on blocks manulac-
tured at the Experimental Station (the references adoptcd are those
indicated at the top of Table II in order to characterize the compo-
sition of the concretes employed 1In the manufacture of these blocks;
the results of Table VI relate to tests carried out on blocks being
examined for approval.

On the whole these tests confirm and reproduce the results ob-
talned on the block anc chimney tests. The following remarks are in

order.

Dimensional variations

The results of Table VI, which relate to blocks all examlned
according to the aporoval procedures, conflrm the close relatiomship
which appears to exlist, as 1t was loglcal to assume, between the in-
trinsic apparent shrinkage or expansion properties of the concrete
and the thermal strength of chimneys.

It may be stated that only those chimneys bullt of concrete
showing sm=1ll variations behaved satisfactorlly, and that all con-
cretes showing large subpplementary shrinkage were subject to internal
cracking, while those having large expansions cracked both internally
and externslly.
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The concretes which were subject to large dimensional variations
as a function of the temperature c=2n scarcely be satisfactory unless
at the same time they have rather high mechanical strength values,
particularly with resvect to tension, and if these properties are
retained at high temperatures.

As far as possible, unstable concretes should be avoided. The
results of Tables VII, VIIIa, VIIIb and IX enable us to make certaln
preliminary statements concerning the effect of compression, and of
binder and water proportions on this instablility.

(a) Effect of water content

The figures in the first part of Table VII, relating to precast
blocks manufactured from concretes of the same aggregate content and
assembled under identical conditions of compression (identical work
applied), but differing with respect to water content, seem to indi-
cate that there 1s an optimum water content from 216 to 270 11tres/m3
in the case of our tests, below and above which the supplementary
shrinkage increases substantially.

It may be noted that these optimum water contents also corres-
pond to those of the concrete showing the most favourable mechanical
properties, l.e. smaller elasticity and greater strength values.

It should be added, however, that in our tests a content of 160
litres/m3 corresponded to a concrete that was too dry, having regard
to the work required to set it up, and 1ts final denslty was not com-
parable to that of other concretes of similar composition.

Finally, 1t is probable that for normal water content the sup-
plementary shrinkage, like the normal manufacturing shrinkage, varies
in the same sense as the proportlon of water mixture. The same ap-
plies, on the baslis of the results obtalned, to the apparent expansion
on exposure to heat and to the absolute dimensional variations -
shrinkage plus expanslon.

(b) Effect of compression during casting

The results of the second part of this same Table VII relate to
blocks, again all of the same aggregate content, but this time for

different compression values.
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These results lead to the conclusion, other thinss being equal,
that the supplementary shrinkage decrecasces with the compacting of the
concrete, i1.e. with its density. However, the difference 1is rela-
tively less than that which results simultaneously in the mechanical
properties as a result of the same variable.

The fisures of Table IX confirm this impression (comparison of
concretes 4 and 4' and 5 and 5', of same composition but different
casting compression). It is further noted from these results that
the effect of an increased casting compression 1s to increase the
apparent expansion, and the totzl dimensional variation of a gilven

concrete increases wlth increasing density.

(c) Effect of binder content

The supplementary shrinkage of the concrete varies as a function
of the blnder content in the same sense as the standard manufacturing
shrinkage. It increases with the latter.

On the other hand, this binder content appears to have an inver-
se effect on the apparent expanslion, and fynally the total dimenslion-
al variations do not appear to be greatly affected by this parameter
(Table VIIIa and VIIIb).

These concluslious appear somewhat in contradiction with the
results obtalned from the chimney tests, which indicated regularly
increasing elongations with increasing density, whether the latter
resulted from an increase in the compactlon pressure or in the pro-
portion of fine aggregates.

Hlowever, in these initial measurements the concretes cowmpared
differed more in the proportion of inert fine agzgregates than in the
fine aggregates furnished by the binder. These lnert fine aggregates,
already coarser, undoubtedly affect the shrinkage less than the binder
1tself, and the measured apparent expansion, depending partly on the
shrinkage in the course of heating, may be influenced accordiagly.

The results obtained from specimens cut from precast blocks
identical with those used for the chimmey tests (Table IX) do fall
neatly within the same classification as the elongations of the cor-
responding elongations (Table I).
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A1l the results conflrm the lmportance of choosing concretes
that zlve mininum shrinkage or expansion with temparature for the
manu ‘acture of blocks.

It would seem that shrinkaze has a zreater =ffect than expan-
sion. Whlle there has been no exact conflrmation of this point it
appeared to us as though, other things being erual, a shrinkage of
glven amplitude could result in a crack, whereas an expansion of
the same masgnltude was borne without damase.

This could be very easlily explalned, moreover, by the fact that
the deterioration of mechanical propertles of the concrete is clenrly
the greater, the higher the temperature to which it has been raised.
This 1s precisely what occurs in the vicinity of the internal faces.

Although we still have no exact data on the relationship which
must exist between the mechanlcal strength of the concrete and its
dimensional characteristlics, 1t c¢an nevertheless be stated that the
1denl composition to be adopted in all cases wlll be that which will
lead to the smallest shrinkages while at the same time guaranteeling
adenuate permeabllity and high mechanical strength values, =2ven at
the cost of a slight increase 1ln exvansion.

Such a composition, for a gilven aggregate and binder, is that
which, with 2 percentage of fine aggregates, and particularly the
smallast possible proportion of cement, enables us to obtain just the
risht degree of permeabllity. Thils requlires a careful initial study
of the proportions of water and the castinz conditions.

With respect to thls absolutely essential care to be applied to
the casting operation, the results gilven in the above-mentioned table
are particularly sizniflcant. They show, in fact, that even a slizht
defect in the adjustment of the casting machine 1is enough to result
In heterogzenelty of the concrete, which is re=flected in differences
of the properties of the different precast blocks of the same order

of magnltude as that resultling from the parameters being studied.

Effect of cracks on the machanical strensth of the walls

The results of the measurements carrled out with =2 view to de-
fining the effect of cracks on the mechsanical strength of the walls
have been assembled in Table X.



For each precast block the specimens consisted of the four com-
plete faces cut out by sawing in the vicinlity of the angles defining
the contour of the internal section; these samvles were arrangzed
on two horizontal supports 15 cm apart parallel to their major axis
an? were loaded mld way =long thls major axls; the surface involved
by the load was the same as that corresponding to the interior of
the hlock.

These tests, although rudimentary, show that the “inest internal
capilllary crack, scarcely visltle during the observation of the block
and which might be thought to involve only the surface cement zrout-
Ing originating from the castinz, actually so0es to a considerable
depth in the wall and reduces its cohesion by at least 50%.

When it 1is remembered that in reallity concrete blocks undergo
heating and cooling cycles, which, as we have seen, can =grravate
dlisorders already more serious than might be supposed after the first
heating, these innocuous appearling caplllary cracks c:nnot be left

out of account in determnining the quality of the product.

General Conclusion

It is still too scon, as we have sald, to draw up general rules
from these studles or particular, exact mixtures. Even now, however,
it can he stated that in any case such rules or mixtures can have no
real practical consequence unless thelr apuvlication is accompanied
by countinuous 1inspection.

The tests certainly confirm that 1t 1s possible to desisn and
manufacture concrete blocks affording the required guarantees of
strength and permarience. Comparison tests carried out in the course
of our studles on various clay blocks chosen at random from commercial
sources, indicate that a high-guality concrete block has every chance,
1f correctly assembled, of behaving in service at least as well as
the best traditional ovlocks.

However, the same tests indilcate that this hiih-cuallity concrete
block cannot simply be a product of line manufacture comparable to

that of other structural unlts such as umwasonry units or slabs.
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The manufacture of concrete blocks demands from the start a
careful cholce of concrete constituents, and then careful pouring
and exact observation of proportioning, casting and storing condi-
tions. Such requlrements, of course, could just as well be enunciat-
ed for any sort of manufacture, but in this case they demand even
more rigorous observation on the part of the manufacturer, and thils
1s unattainable, in our opinion, except at the cost of conmtinuous,
severe checking.

In this regard the test apparatus descridbed here, supplemented
by classlcal concrete checking technilques, ought to put a valuable
ald in the hands of the manufacturer by enabling him to verify the
homogeneity of hils product and glving him a means of lmproving 1its
properties still further, and in addition we hope that the research
now belng conducted at the Experimental Statlon on the intrinsic pro-
perties of these materlials wlll furnlsh the data necessary for choos-
ing the most appropriate constituents.

However, these manufacturing imperatives and the quality which
must result from them are not the only necessary condltlons for the
good behaviour of the chimney, for thls behaviour still depends at
least to an equal extent on the care applled to the assembling of
the units.

The assembly condltions were not the principal subject of our
study, but 1t appeared essentlal here to emphaslze thelr importance,
especlally the absolute necesslty of applylng extreme care to the
execution of jolnts and coatlings.

This 1s all the more essential in the particular case of con-
crete blocks 1n view of the fact that these products are subject to
relative dimensional lnstabllity as a functlon of the molsture con-
tent, which can produce certaln disorders even before the chimney
has been put into service. These disorders are less frequent with
the traditional clay materlals.

In reallty, the installation of chimneys, which is sometimes
subcontracted by the bullder, 1s too often carrizsd out without any
control or inspection in deflance of the most elementary rules of
good construction.
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There would be no point, of course, in putting high-quality pro-
ducts on the market 1f this other aspect of the problem were not also
taken 1nto consilderation.

In the course of thls paper we have tried to draw such conclu-
sions as appear on the plane of practice to flow loglcally from the
results of the tests, whether 1t 1s a question of design, manufacture
or assembly.

In fact, these conclusions are almost all directly or indirectly
the consequence of a need to combine condlitlions that can guarantee
satisfactory behaviour of joints and critical polnts in the structure.

From thls point of view one may well ask whether 1t would not
already be preferable to bulld fewer of these chimneys, most of whilch
wWill never be of any use, and then to demand on the other hand that
they shall be better constructed. Following up this 1dea, 1t would
appear loglcal to attempt to restrict the number of jolnts in these
chimneys and then the execution of the joints could more easlly be-
come the object of the necessary particular attention.

There 1s certainly room in this fleld for solutions requiring
units of large dlmension, which would correspond, moreover, to a gen-
eral tendency in the evolution of the bullding industry, and of which

even now certain manufacturers are making studles.
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The flgures 1indicated 1n the column under the hreading "Apparent vertical expansion of chlmneys" correspond from
bottom to tor respectlvely to measurements made at 0,40, 1.70 and %.00 m from the base of the chimney.

Testing up to 700°C.
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Three successive tests on the same chimney.

4.

TwO successlve tests on the same chimney.

I
N
W
!



Test carried out on chlimneys assembled from concrete blocks submitted
(permeability and thermal tests)

DiSCRIPTION OF ClIMNBLYS

e e —

RIFTION O

)

ror approval

RuOULTS

or 5

By~ X . o
oo 5 At Iflmﬁi})vu“y Cracks observed before and
[ ~4 0 . 2 & 5
] Type of | S0 2 et (coefficient K) after thermal test
IS Kind of L o0 G e i R — —
£ | concrete block & ge
Q Om =
< () bogsl 2| e, ther‘Ami;tlerte“t Jelints
o B g be 8 B » - > Precast blocks
+ *
L9 El8E°! ot After | Pefore | After (after test)
ho BN chimney | cooling test test
1
Chamotte u.g.a. 0.3 5.3 5.5 6.6 cracked | cracked No crack
Joint Joint
$a 1
Chamotte | 1.p.p.5 1.1 | 8w/ 21 20 21 cracked | cracked et raoks on
bl Joints Joint )
Fa)
58 13
Chamotte U.PaFed 2 - o 25 18 24.5 cracked | cracked No crack
[T Joint Joints
[
R
Pozzolana g a 1
and clay | u.peF.3 4.3 n 27 24 28 cracked | cracked | Int. cracks on 1lst block
screenings o ™ Joint joint
> 5 ——
© O
Chamot te 1.g.8 8.5 EN 10 7.5 10.5 cracked cr-aNcc;ced Int. cracks on
& Joints joint 1st and 2nd blocks
|-
] No Int. and ext. cracks on the
Chamotte U.P+Fe3 12 11.5 11 11 cracked | cracked 1st and 2nd blocks.
Joint Joint Int. cracks on 3rd block
Chamotte | u.g.s 20 27 27 23 crucked cr'aNcoked Int. cracks on
joint joint 1st and 2Znd blocks
5 6 Int racks on 1lst, 2nd
Chamotte l.g.2. 21.5 Sw 11 11 12 cracled | cracked 5rc(1: :nd ath blo(’;ks ’
o5 Joint joints ”‘ :
L
58 3 a
. Int. and ext. cracks
Pozzolana| 1.p.p.5 24 Q 28 25 30 cracked | cracked
wéh joints joints on 1lst and 2nd blocks
53
28 a Int. and ext. cracks
Pozzolana| 1.p.p.5 110 m'a 14 16 13 crecled | cracled on 1st block, int. cracks
[ joints Joints on 2nd, drd, 4th and
»E . 5th blocks
. ISt
Foamed 27 No Int. and ext. cracks
- l.g.2a, 270 5 100 120 108 crzcked | cracked : : :
slag joints joint on 1lst to 24th block
No Int. cracks on 1st
Pozzolana| 1.p.p.5 400 120 5 cracked | cracked ax:ld 254 blocks
Joint Joint
u.g.2. = single block with cell walls
l.z.2. = slngle block with z2ir sleeve
u.p.p.3= single block with 3 cm solid walls
1.p.p.3= single block with & or 5 cm s0lid walls
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Table IV

Comparative permeabllity filgures of uncoated
and plaster coated blocks
(permeability coefficient K)

Uncoated | Blocks with 1 cm |Blocks with 2 cm
blocks plaster coat plaster coat
24 1.0
30 2.0
37 0.5
38 1.0
65 3.0
120 1.5
125 1.0
290 1.5
310 1.0
350 1.0
400 1.0
1,320 4.0 <1.0
1,360 5.0 < 1.0
1,800 1.0
1,920 3.5 < 1.
2,000 4.5 <1.0
2,440 1.5 < 1.0
2,460 2.5 < 1.0
2,620 5.0 <1.0
3,300 3.0 <1.0
3,800 3.5 <1.0
3,800 2.5 <1.0
5,000 4.0 < 1.0
10,000 3.0 < 1.0




Table Va -~ Comparison of thermal test results
on chimneys and individual blocks

!

Thermal tests

L
L On individual
o On chimneys (2) blocks (rapid
E Block Kind of (approval test heating up
> type comere be procedures) cycles to 300
o (1) : and then 400°C)
©
S Cracks observed on Cracks observed
m blocks after on the 2nd unit
disassembling of chimney after cooling
A UeZeBe Chamotte None None
B 1.p.P.5 Chamotte Int. cracks 1lst and 2nd None
C U.DsDeD Chamotte None None
—t— ,
Pozzolana
D U.PeDed and clay Int. cracks None
screenings
E 1.2.3. Chamotte Int. cracks 1lst and 2nd None
Int. and ext. cracks,
F UePePeD Chamotte 15t and 2nd. None
Int. cracks 3rd
—_ I ———
Int. and ext. cracks
G UsZe2e Chamotte 1st and 2nd None
) Int. cracks 1st,
H legea. Chamotte 2nd, rd, 4th None
. Int. and ext. cracks
I i.p.p.5 | Pozzolana 15t and 2nd None
\' l.g.2. Pozzolana Int. cracks 2nd and 3rd None
Int. and ext. cracks 1lst.
W UePaPeD Pozzolana Int. cracks 2nd, 5rd, Internal cracks
4th, 7th, 10th, 1llth

(1) and (2):

See footnotes after Table Vbe.
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Table Vb ~ Comparison of thermal tests on individual blocks

depending on the curve of temperature rise adopted

“ Thermal tests (on individual blocks)
o)
e Blook Cracks observed on the 2nd unit
Lo tvpe Kind of after complete cooling
» 8%3 concrete
O Rapid cycle of temp. Temp. rise cycle by
ot increase to 300° stapes to 150°-200°-
m and 400°C 250°=300°~ and 400°C
H| 1.g.a. Chamotte None None
Al u.gea. Chamotte None None
Ul uegea. Chamotte 1 int. crack 1 int. and ext. crack
Pozzolana
M| uegesa. and clay 1l int. crack 1 int. and ext. crack
screenings
Pozzolana
N| u.g.a. and clay 1 int. crack 1l int. crack
screenings
C | UeDePeD Chamotte None None
O] uepep.3 | Pozzolana 1l int. crack 1l int. crack
Pl u.p.p.3 Pozzolana None None
Q{ i.p.p.5 | Pozzolana 1l int. crack 1 int. and ext. crack
R| L.p.p.5 nggzd 1 int. and ext. crack| 1 int. and ext. crack
S] lepep.5 | POozzolana 1l int. crack 1l int. crack
T | UeDPePed | POzzoOlana None None
(1) u.p.p.3 = single block with 3 cm solild walls
u.g.a. = Single block with cell walls
l.g.2. = single block with alr sleeve
1.p.p.3 Or 5 = single block with 3 or 5 cm s0lid walls

(2)

In the approval test only cracks above 1.50 cm from the base of
the chimney, i.e. from the 6th (blocks of 33 cm) or 8th block
(blocks of 25 cm) were considered.
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Table VII

Effect of quantity of wnter enployed and casting compression on the dimensional varlations and
mechnanical characteristlcs of the concrete (tests at 300°C)

— . - -
Mechanical characteristics of
Description of concrete concrete (before test)
Block Appar. Supplementary Total i o e
Quantity Quantity Duration symbole expansion shrinkape dimeneional Settloment Compress. ’T:n‘,lle
of of wat:er of {300°¢C 300°C for 5 change under strwhgtzh sirength
nggromtes si/Een vi‘ff’;;m" for 5 hrs) hrs (expansion gompresclon kz/om kg /cm 2
da - ¢ mm /m mm /m + shrinkage) 80 kg/cm
own mm/m mm/m
a 1.22 0,69 1.91
160 50 sec. © 1.34 0.66 | g.67 2:001 g7 2.2 114
a 1.34 0.66 2.00
- =
- a 1.44 0,59 2,03
a
f{,’ 216 50 sec. c 1.58 0.47 0.53 2.03]2.05 l.a8 149
. i
o 4 1.56 0.53 2.09 2
» _ w
o of
= a 1.89 0.53 2.41 o
Q — »
® 270 50 sec. c 1.72 0.53 |0.53 2,25 | 2.32 1.7 168 el
9
g a 1.78 0.52 2.30
a
K a 1.82 0.59 2.41
-
340 50 Bec. c 1.79 0.66 0.62 2.45 | 2.40 2.2 128
e
4 1.72 0.62 2.34
a 0.78 4.8 38 2,9
b 0.75 3.6 a1
25 sec. [——— 0.77 4 67.5
c 0.78 3.2 73 5.2
d 0.78 4.4 78
a 0.59 4.4 24 3.4
160 b 0.81 2.4 69
50 sec. 0.70 3.3 89
] 0.72 2.8 108 8.0
d 0.69 3.6 85
a 0.56 3.2 110 7.2
L2
o b 0.62 3.0 90
P 75 sec. 0.66 2.5 117
7] c 0.72 2.0 158 7.6
S T 3 3
d & 0.75 £ 2.0 LlOB
It = =
« 0 7] .
el o o T
» a g 0.78 %’ 2.4 144 J 8.7
o
o pr) Pl
“ b 2 0.72 S 3.4 92
4 25 sec. 0.72 3 100
§ c 0.62 3.2 95 14.5
= d 0.78 3.2 63
a 0,59 2.4 185 14.8
216 b 0.59 2.0 119
50 sec. 0.62 2.1 145
c 0.59 1.8 114 14.1
d 0.69 2.0 182
—_
a 0.59 2.4 174 l4.8
b 0.659 2.2 150
75 sec. 0.61 2.2 156
c 0.56 1.4 165 19,3
4 0.59 2.6 142
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Table VIIie

Effect of quantity of cement employed on the dimensional varistions and propertles of the concretes

(tests at 3000C and 500°C)

Mechanical properties of concrete
Description of concrete (be%org test? K
Block Appar. Supplementary Total
Constituents Cement Duration symbols expansion shglnkege dimensional Settlement Compress. | Tensille
(aggregate + shaken of (300°C 300°C for 5 change under strength strengcth
““water) down vibration for 5 hrs) hrs and (expansion compression kg/cm? ke /em?
kg/m3 in sec. mm/m cooling + shrinkage) 80 kg/cm?
mm/m mn/m mm/m
a 1.78 0.50 2.28
0 190 50 ssc. c 2.04 0.53 0.49 2.57 2.49 3.0 80
w
LA
z a 2.18 0.44 2.62
@
L 7
[ a 2,02 0.50 2.52 ;
o @
2 )
g 270 50 sec. e 1.97 0.53 0.52 2.50 2.51 1.8 155 E
42 42
2 a 1.99 0.52 2,51 2
-
3 a 1.60 0.62 z.22
-
L
§ 340 50 sec. o 1.63 0.62 0.62 2.25 2.23 1.2 265
H -
da 1.61 0.62 2.23
Table VIIIb
‘Mechanica t
Description of concrete sehan °‘%b§?§§§rté§§)°f conerete
Block Appar. Supplementary Total I
Constituents Cement Duration symbols expangion shrinkage dimensional Settlement Compress. | Tensile
(aggrepgate + shaken of (300°C 300°C for 5 change under strength strength
water) down vibration for 5 hrs) hrs and (expansion compression kg/cm?2 kg/cm2
kg/m? in sec. mm/m cooling + shrinktage) 80 ke/cm?
mm/m mm/m mm/m
b 3.25 0.47 3.71
190 50 sec. 0.48 3.77 J.4 6.5
- d 3,34 0.50 3.8¢
Fsi o
EENT+) Q
gn e 3,12 0.72 5.82 5
:'§ 270 50 sec. 0.66 3.75 1.7 © 12.5
©
g ) 4 3.06 0.60 3.66 &
- b
P G O
50 b 2,66 1.00 3.66 =
g 340 50 sec. 1.02 3.64 1.3 17
d 2.58 1.04 3.62
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Table X

Effect of cracks on the mechanical properties of walls of blocks

Breaking load in simple bending
Designation ; . =
Block State of Apparent }plstance between supports: 15 cm)
type Block Face face depth‘of Cracked faces Uncracked faces
tested crack
symbol no. (1) cm kg kg
—d
1 I.5. - 45 -
7 2 N.F. 0 - 350
3 I.E. - 50 -
4 N.F. 0 - 270
1 I. 4 | 145 -
2 N.I. 0 - 490
3 I. 4 170 -
4 N.F. 0 - 470
1 N.F. 0 - 430
a 2 I.B. - 50 -
3 N.F. [o] - 515
4 I.E. - 110 -
1 N.F. ¢} - 450
2 I. 4 130 -
3 N.F. 0 - 415
4 I. 4 100 -
A 1 I. 3 55 -
g 9 2 N.F. 0 - 180
58 3 I. 3 75 -
o 4 N.F. 0 - 240
£ &
o g 1 I. 2 180 -
w0 8 2 . 0 - 460
L 3 I. 2.5 170 -
— a
E ﬁ 10 4 N.S: 0 - 420
2 1 1.8, - 20 -
o 9 2 NLE, 0 - 385
hal 3 T.E. - 20 -
8 ol 4 N.F. 0 - 490
55 2 o R | 20 190
it e -
¥R 3 I. 2 30 -
%; 11 4 N.F. 0 ; 17¢
o 1 I. 2 40 -
i 2 NLF. 0 - 180
-8 3 I. 2 50 Z
8 4 N.F. 0 - 160
29 1 1. 1 50 z
rn 2 N.F. 0 - 210
? 3 T. 1 60 -
) 4 N.F 0 - 175
1 I.E. - 45 -
2 N.F. 0 - 1R5
12 3 I.E. - 55 -
4 N.F. 0 - 210
1 T, T T g5 -
2 N.ZF. 0 - 255
3 N.F. 0 - 210
4 N.F. 0 - 225
1 I.5. - T 30 -
2 N.F. [¢) - 455
3 I.. - 30 -
13 4 WL, o] - 4€0
) WL 0 T T
2 I. 3 110 -
3 N.. 0 - 570
4 I. 3 245 -

-

I. =

T.E. = cracks visible on internsl fasce
crack visible on internal fnce of

wa

11. N.r.

= no visible crack.
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( sateLE TABLE For REGISTER wo. H )

T PATE: 3-3 bo MrxeER NO. 2
' AMOUNT 0F WATER IN MixTURE ¢ 16£
) ] WT. OF GREEN ELEMENTS |
o — (14 x 20em)
= :MRLHINE o, INDIVIDUAL VALUE S IN'A
g g B LOCK: |19, 300| 19.204 1, Jve| /5. 300 7.274
g O —] MACKINE NO|
i 8 BLOCK !
nw O -
— w wT. OF HARDENED ELEMENTS |
P - NGE OF rPRECAST BLock: . W 4 6O
z g . VH&CHINE NO. INDIVIDUAL VALUEDS AV.
o P 1 BrocK: [17.70017. 500 47.500|1 7. 700 767
4; a i pMAvNEN
g 8 gLOCK.
~ _
G O - -
o % —
e B R EE=
h% 2 APPARENT DENSITY 0F AGGREGNIE M{XTURE
FARE e s ke
o .
= = B i o B - ]
| e S e e
oL — B
ScREENS : (07) {02) 04)e5) 08 1 16 2 3/5 5 638 1025 /6 20 25 31640 50 63 80 100
MEs# SIZE: 0,08 0,16 0345 063 125 2.5 5 .
tMopuLl ! 20 23 26 27 2930 3233 '35 37 38 39 40 47 42 43 44 45 46 47 48 49 50
DIAMETER D 0F SCREEN HOLES W M/M { SCALE PROPORTIONAL TO /09 D)
Fig. 1
Model of a manufacturing check chart
QM)
] n
I —3
- ‘1' — O
, N
|
' N
W
— ¢ el ¢ — 3 — —— —— — — - c— Q Q— —— s —
——
(& =
|
i
5 | o |
1 ” 25 2 }
1T 30
Y
Fig. 2

Shape and dimensions of blocks produced at the Experimental Station
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2o - h ., £
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@ g %0 F —p—7
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4 —— 7 7
30 Vel .
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-
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v T R
Screens : (01) 02) {04)(05) 08 1 16 2 375 5 63 8 10125 /6 20 25 3,640 50 63 80 100
Mesh size: 0,08 a,/6 035 063 125 2.5 5
Modull : 20 23 26 27 2930 3233 35 37 38 39 40 4/ 42 43 44 45 46 47 48 49 50

Diameter ) of screen noles in m/m (Seale proportional to 1og D)

FPig. 3

Sieve analysis of concretes used in producing
the precast blocks at the Experimental Station
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airtizht joint between
this plate and the block
i1s ensured by a flsxible
joint of sponge rubber or
glazlsr's putty

Coloured alcohol manometer
graduated in mm of water

Flue gas
counter

Fig. 4

Diagram of alr permeability measuring equipment

ry -1(
Terrace :

b‘:::---w%:::-:ﬂ

Aluninum plpe 8

¢ 20 B ~
\ o
-
2nd storey L @
hﬁ;;""“ — |
‘Il Concrete |~
?oint of measurement block ps
of ext. temp. of walls chimney g
=
o
Ny e, —
Points of meas. g
apparent expansion o =
of chimney o jul

Metallic sleeve
Hot gas input (termal by
or test) -~
Air input at room tenmp.

(permeablilit L

Ground floor

Teap. control
damper

Fig. &

Diagram of chimney assembly. - Research tests
(For approval tests the assembly is the same
except that the chimney 1s bullt of blocks over

its entire height and is coated with plaster)
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Temperature in the wall

e
5 " Temperature in the wall
S| @
ey [1}]
- fS' o | , ______l_ _____
g v @l wi | N/ !
e} o o ! ! i I i
w3 | [ | .
~ + o ! I '
N Wy o ! ! : | !
X o1 I ! | ! '
- & 6 P o ! i |
'Q'do @6 'u-:: } ot ! : i
| |&? < @ | g})l ' : i
=) o | o! I ) J
Q. X, S & | i i !
t/ % g" . Od‘ l
wdlagta, S| nt f— T JL S S
Stre (114 b 'd
ss | i e/
} 7: I N A I’ (7 |
K___/ w e e L ] e w \
[1))] /3]
o s !
£ £
4+ 42
0 0 !
o | o I
T Unattached chimuey = Attached chimney
o o
o o
=~ £

Fig. 7

Theoretical stress dlstribution in the walls of a cylin-
drical chimney unit assumed to be made of a homogeneous
material which does not shrink and to be at uniform tem-
rerature over 1ts entire height, under continuous burn-
ing (taken from "Industries Thermiques", June 1957)
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Teanerature in °C

300

250

200

150
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/ N | JF““—T S ——— 1_

60 120 180 20 300 360 420 480

Time in minutes

Fig. 8

Distribution of temperatures through the thick-

ness of a wall (pozzolana councrete block with

s0lid 5 em walls, individual test, control tem-
perature 475°C)
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COURBE OBTENUE AVEC APPARENL SIMPLIFIE
DONT 1£ POINT DIRECTEUR DE REGLAGE £ST
EST FAINTENU CONSTRAT A 4758 C
1 type gane oo + fom de plitre
COURBE OBTENUE AVEC POELE A FEU CONTING e J— J— —
L { TIRAGE DIRECT, fonctionnant av ois de chéne.
O f eaux lype de Scm + 2em de plgtre
o] / poinl de mesure pris o ISGmdeTa bas» N T 1
y —
e S R N A o I—
- " — [ —
w0 T =
[} -
5 s \ [ U SR, N
s COURBE OBTENUE AVEC LE GENERATEUR
+ 3 LORS DE L £554 4 5009 C
g JREE OBTENUE AVEC APPAREIL SIMPLIFIE o ‘:' FUM, i,h,” 2em endult plitre ————- ,,
g 00 —'*,J"" “ v _DONT LE POINT DIRECTEUR DE REGULAGE EST T~ f—— W”Wt ARG A 4 11b ‘
A MAINTENU CONSTANT A 425°C
o | “boisseavx 3 perovs plenes Sem v 2om sndurt pl tre ;l (
2 L - SN A, (R
= i 47 COURBE_DRTENUE AVEC APPAREIL SIMPLIFIE
o , ¢ boissesux ds 3cm+ € cm de platre
B w H o ,7 7 ,
ifl P —— COUR £ OBTENUE AVEC POELE \MEME £5541 QUE PRELEDEMMENT \
& - A FEU CONTINU A rIRA £ INDIRECT, mars ppriede foyer ouderte
e Fonclonnantauchorbon Ve gros . . (tiragpaccidealel) .| .. - U I
o ‘boisdecu de Schn's 2cm ep/élre
Ve . poin}de mesure pri&a150mde la ‘
*‘ bose {1rage max:mumj | _
{80
0 ] 120 160 w0 00 b L]

Time in minutes

Fig. 9

Internal wall temperature as a
type of hlock and test apvaratus

1

Curve obtained with conti-
nuous burning, direct
draught stove burning oak
Blocks 5 cm + 2 cm plaster
Measured at 1.50 m from base

2

Curve obtalned with simpli-
fied apparatus, the overall
control point being kept
constant at 475°C
Block type: air sleeve + 1
cm plaster

3

Curve obhtalned with simpli-

fled avparatus with overall

control point kept constant
at 475°C

301lid wall blocks 5

cm plaster coat

cm + 2

function of the

4

Curve obtained with the

smoke generator during the
500°C test

5 cm block + 2 cm plaster coat

Measured at 1.50 m from base

5

Curve obtained with simpli-
fled apparatus
3 cm block + 4 cm plaster

(S

Curve ootzined with continu-
ously bhurnling, indirect
draught stove burning seml-
bituminous coal

5 cm block + 2 cm plaster
Point of measurement 1.50 m
from base (maximum drauzht)

7

Same test as before but with-
ash plt door open (accidentzal
draught)
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Application of load

Internal face of wall

External face of wall

Point of support

Fig. 10

Diagram of bending test of a block wall



