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AUTHOR’S PREFACE.

THE art of composing calcareous cements was confined,
till within the last few years, to the knowledge of a small
number of facts, and to the observance of certain rules
long since admitted into use without examination, on the
authority of Vitruvius and the architects who followed him.
But the rules were almost always found to be at fault, and
the facts, for want of correlativeness, were of but little aid.
Could we, for instance, manufacture good mortar in France,
by mixing three parts in bulk of dry pit sand, or two of river
sand, with one part of slaked lime derived from a white mar-
ble of great hardness? Such, however, are the proportions of
admixture, and the characteristics of good limestone pointed
out by Vitruvius. It was of little importance besides to
those, to whom it was impossible to procure it, that the
pouzzolana of Italy and the Dutch tarras were possessed
of extraordinary binding qualities; that lime eminently
adapted for hydraulic works was to be found at Metz, Viviers,
Nismes, &c., in France, at Leea in Upland, at Aberthaw in
England, and elsewhere. With all this information, and
even adding to it the discoveries of the Swedish Baggé,
and Count Chaptal, regarding the transformation of some
schists, and certain ochreous clays into pouzzolanas by calci-
nation, it was not the less necessary to work by guess in most
instances, or to trust to obscure analogies for the success of
the most important works. One engineer vaunted the effi-
cacy of the powder of well-burnt tile, another looked upon
smithy slag and iron-dross as the finest ingredients. These
again, on the other hand, asserted, that such substances are
destitute of energy. Lastly, this difference of opinion extended
even to the manipulation of the compounds. Was the lime
to be slaked with much water, or to be allowed to fall to

A#
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1 PREFACE.

powder after having immersed it for a few seconds? Should
it be applied hot or cold? &e. Every plan had its partisans ;
and what doubtless appears paradoxical was, that each me-
thod too was supported by experiments and testimony, of
which it was hardly possible to dispute the authenticity.

We shall leave it to the reader to appreciate a state of things
like this, and to decide whether such a chaos of opinions and
opposing facts could or could not make up a science,—a doc-
trine of calcareous cements. Perhaps it may be replied, that
at the epoch of which we speak, builders had learnt to erect
bridges, locks, &c., without either tarras or pouzzolana, and
in countries where the lime possessed no extraordinary quality.
Without denying this truth, we must remark, that most of these
works have not endured, nor can continue to endure, but
by frequent and expensive repairs. That on many canals it
has been necessary to reconstruct a great many locks, whose
side walls were in a few years found to be quite stripped of
mortar. That a multitude of dikes, sluices, weirs, (* bar-
rages,”) and aqueducts, of recent construction, already exhibit
all the characteristics of age, without the possibility of attri-
buting these unexpected dilapidations to any other cause than
the bad quality of the mortars or cements made use of.

These facts, known to a number of engineers, have long
since attested the insufficiency of ‘the art; and this insuf-
ficiency exhibited itself more and more, owing to the mul-
tiplicity of marine works called for by a constantly increasing
commerce. It was to put an end to such a state of things,
that we, in 1812, commenced our experimental researches,
published in 1818. The subject, so to speak, is one of intrinsic
importance, and consequently to discuss it merely is sufficient
to attract public attention. We may, therefore, be allowed
to say, laying aside personal vanity, that the experimental
researches on lime and mortars have been the subject of se-
rious examination by chemists, architects, and engineers. Cer-
tain theoretical points, independent of general results, have
given rise to these discussions, which have themselves stimu-
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PRETACE.

il

lated us on our part to new labours. Experiments in contrast
with one another, undertaken in various parts of the kingdom
by order of Mr. Becquey, Director-General of Public Roads
and Mines, while they consolidated the necessary fundamental
points established by us, enlarged the domain of facts to such
an extent, that it became necessary to re-digest the whole,

in order to arrange and compare them together.

But by

this very operation, owing to the multiplication and mutual
support of the truths, they have added fresh confirmation to
those which we were already possessed of. They have also en-
abled us to contract the scale comprehending them, both by
leaving us at liberty to adopt a mode of classification before
impossible, as well as by affording us the power of casting into

notes a crowd of details and historic or scientific documents,
useful to consult, but not indispensable to the understanding

of the whole.

It is, moreover, in the nature of things to become more
simple, in proportion as they approach perfection; and this is
the more fortunate, as now-a-days, much more than formerly,

large volumes create alarm, and are no longer read.

These explanations having been given, we are anxious here

to make known the fresh obligations which we labour under
to the analytic and synthetic labours of Messrs. John and
Berthier, on calcareous compounds and hydraulic limes ; to the
researches of M. Bruyére, Inspector-General of Roads and
Bridges, on the manufacture of artificial pouzzolanas and
cements, resulting from the calcination of clays combined with
a small proportion of lime ; to the very remarkable experi-
ments of Messrs. Avril and Girard de Caudemberg, Engineers,
the first on the psammites of Finisterre—the second on the
arenes of Perigord ; to the examination of the limes of Russia
by Col. Raucourt, an examination which has led that Engineer
to enrich the science with numerous important observations ;
and lastly, to the interesting results obtained by M. Lacor-
daire, Engineer, in using the hydraulic limestones imper-

fectly burned, as natural cements.
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iv PREFACE.

There are services of another kind which require no less
acknowledgment —such is the generous and enlightened
manner in which M. Bruyére, Inspector-General, first, in
1818, obtained for my work the attention and support of the
Director-General and Council of Roads and Bridges; such
also is the succour afforded to this work by the honourable
mention of it which Messrs. Gay-Lussac and Thenard have
been pleased to make in their Lectures in the ¢ Ecole Poly-
technique ;” in the Syllabus of his Lectures on Building by
M. Sgauzin, Inspector-General; and lastly, in an able Re-
port to the Academy of Sciences, by M. Girard, Member of

the Academy.
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TRANSLATOR’S PREFACE.

THE merits of M. Vieat’s valuable researches into the
composition of mortars and cements are already too well
known, to render it necessary for me to apologise for an
endeavour to extend their usefulness, by submitting them
to the public in a more accessible form. But as the motives
which induced me to undertake this work, and have en-
couraged me to persevere in its fulfilment, may require
explanation, I ought not to refrain from making them
known, nor from claiming that indulgence for the result of
my labours, which the peculiar circumstances under which
they have been accomplished render necessary.

Having been occupied for many years in the construction
and repairs of numerous public buildings, the charge of
which devolved upon me in the performance of staff duties,
I was long embarrassed, in the endeavour to give durability
to works executed under my superintendence, by many dif-
ficulties arising from the defective quality of the cements
employed, the dampness of the situation, and other causes
at the time unknown.

Angzious to remedy these evils, I engaged in a series of
experiments, in which numerous modifications of the pro-
cesses previously employed, and every suggestion which could
be gleaned from the scattered hints contained in the writings
of the various English authors who have incidentally touched
on the subject, were put to trial, both with reference to the
durability of the compounds, as well as their economy on the
large scale. But although these endeavours were followed
by many promising results, it was not until I became pos-

a
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Vi TRANSLATOR’S PREFACE.

sessed of M. Vicat’s Work, that the theory of the composition
of mortars and cements was developed in a sufficiently satis-
factory and comprehensive manner, to enable me to take a
full view of the varied resources found within the limits of
almost every locality, for the fulfilment of the objects of
which I was in search. But, systematic and plain as M.
Vicat’s instructions and experiments are when well under-
stood; yet it was not without much labour, in repeating
many of the experiments, and the perusal of other French
authors on the same subject, that I was enabled to over—
come the difficulties occasioned by my imperfect acquaint-
ance with the exact meaning of the numerous technical terms
employed in it, and fully to appreciate the originality and

appropriateness of the experiments, and the depth and philo-

sophical accuracy of the reasoning founded on them.

Hav-

ing surmounted these obstacles, and felt the great value of
the copious information placed at my disposal, I could not-
look back upon the pains which it had cost me to effect my
object without being led to consider, that others similarly

situated with myself might have the same impediments to

contend with; and that I might assist future inquirers, by
placing the labours of M. Vicat within the reach of those, who

might not possess sufficient leisure to give that attention to

his work which I had found to be indispensabie.

Of the desirableness of such a work, indeed, it needed but
little consideration to satisfy me; for though intimately con-
nected as such researches are with the suecess and durability

of our most important constructions, and with the security and
domestic comforts of every class of civilized society; it is re-
markable, that since the publication of Dr. Higgins, now
rendered obsolete by the rapid strides which the art has
taken since his time, no English work on this subject has
yet appeared. Nor have the investigations connected with
it, hitherto, attracted the attention of any of the distin-
guished philosophers, to whom science and the arts are in

other respects so largely indebted.
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TRANSLATOR’S PREFACE. vii

At a time, therefore, when the rapidly extending demands
of a quickly 'progressive civilization, daily give birth to new
and stupendous undertakings, there could be no doubt as
to the benefits which must result from bringing before the
public, the labours of those who have devoted themselves
te the study of this very important and hitherto neglected
branch of Architecture, and of placing within their reach the
many valuable facts brought to light by them.

But of my own fitness for this undertaking, even with
the advantages of expected leisure under which it was com-
menced, I could not avoid feeling the greatest diffidence ; nor
should I have ever ventured to incur so great a responsi-
bility, had I not been encouraged by the consideration,
that much which could not fail to be of service, might
be effected by the mere exertion of persevering industry.
And that, although, as I felt conscious, numbers might
have been found infinitely better qualified than myself to
do justice to the task; yet, that the very circumstance of
superior fitness, joined to the increasing demands upon the
talented members of the profession to whose province it
would most properly belong, would be sufficient to pre-
vent the public from ever deriving the benefit of their
assistance.

Under the influence of these considerations, therefore, and
in the hope of thereby finding useful and instructive occupa-
tion, for the leisure which an absence from my duties on ac-
count of ill health would afford me, I made up my mind to
commence the task. But I had not proceeded far, when I was
unfortunately deprived of the advantage upon which I had
principally relied for success, by being called upon to apply
the time 1 had intended to devote to this object, to the
service of Government in a different pursuit; whereby I was
deprived of the ability to devote that attention and study to
it, which it was my earnest wish to have done.

These causes must, I fear, necessarily be pleaded as an ex-
euse, for those inaccuracies which I cannot hope to have escaped
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from; and which will, I trust, be treated with indulgence.
In the general design and execution of the work, however, I
have not failed to keep in view the convenience of the reader,
in so far as it lay in my power to add to it, or to the general
usefulness of the volume. I have therefore, throughout, en-
deavoured to communicate whatever information it was in my
power to collect, either from the published works of others, or
from my own experiments, in illustration or-support of the
opinions or statements contained in the text. The whole of
the measures made use of have, also, except when clearly unne-
cessary, been reduced to the corresponding English standard ;
a process which has- also been applied to the very valuable
results collected together in the Tables. Thus, these experi-
ments now admit of a ready comparison with similar ones
made in this country, and the reader will find no difficulty
in forming a clear apprehension as to the efficiency of the
processes to which they are applied as tests. It may be pro-
per to add, that these calculations have been made from tables
of the correspondence of English and French weights and
measures, given at the end of Ure’s Chemical Dictionary
(Edition of 1824).

In the first, or more practical part of the volume, ex-
planations have been given in the notes, of such scientifie
terms as may not be familiar to the general reader. This,
however, has not been done in respect to all the notes in the
Appendiz; as many of them, consisting of purely scientific
reasoning, could not, in the limited space of a note, have been
rendered perfectly intelligible to those by whom the terms
themselves were not understood.

These additions, with that of a copious Index, and a more
distinct separation of the various subjects severally treated,
will, I hope, materially assist the perusal; more particularly by
obvjating the confusion liable to be occasioned by the apparent
contradiction of the different directions given in the work, ap-
plicable to various circumstances. In the latter part of the
volume, I have ventured to take a liberty with respect to its
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ix

arrangement, to which I was prompted by a desire to attract
the attention of the scientific reader to a subject hitherto little
noticed. I have for this purpose converted the ¢ note on the
theory of calcareous mortars and cements” into a distinct
chapter-(the seventeenth); to which the appendix to that note,
together with the particulars of some-experiments by myself
in proseeution of the same subject, have formed an appro-
priate appendix. To this more prominent position in the
body of the work, the theoretical investigations above men-
tioned seemed to me to be entitled, both from their close
connexion with and essential influence over successful prac-
tices as well as from their intrinsic value and philosophical in-
terest. Its discussion is accompanied, moreover, by so many
hints calculated to awaken attention and stimulate inquiry,
whilst so little seems to be wanting to complete the evidence,
that we may soon hope to be possessed of a sufficient number
of facts, to form the basis of a correct theory of the hitherto ill-
understood causes of solidification, under all the various cir-

cumstanees in which it takes place.

In regard to the use of some new terms which I have
found it necessary to apply, it may be right to explain,
that after trying many substitutes taken from the tech-
nical language of the best authorities on this subjeet, I
found M. Vieat’s classification so different and so much
more methodical than any which has hitherto obtained in
this country, that I should have run the risk of sacrificing
the clearness of his arrangement, had I attempted to intro-
duce any synonymes taken from the English language to
express his meaning, in lieu of the simple translation to which
I have confined myself. Other words, used for the purpose
of defining substances hitherto classed by us under a more
general category, and consequently intended to mark distinc-
tions at present unknown, such as ¢ arenes,” ¢ psammites,”
&ec., I have thought it advisable to convert at once into Eng-
lish terms, taking care to explain their meaning on their first

application.
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X TRANSLATOR’S PREFACE.

Of the particular merits of the numerous practical instruc-
tions and varied processes contained in this volume, it would
perhaps be premature in me here to speak ; the most satisfae-
tory recommendation being the experience of those, who may
have occasion to put them to the test of actual trial. I ought
not, however, to omit to notice a circumstance which it would
be injustice to M. Vicat not to refer to. This is, that although
the processes he has laid down for the manufacture of artificial
hydraulic compounds are of a comprehensive nature, capable
of accommodating their results to the exact wants of the archi--
tect in every situation, thus including all the various kinds of
Roman Cements, &c.; yet, it will be observed, that his own
practice seems to have been chiefly confined to the adoption
of the hydraulic %mes, in lieu of the more energetic cements
more generally used in this Country. This preference
may expose him to the opposition of many firmly-established
usages and opinions, where the latter practice has so long and
successfully prevailed, with respect to the justice of which it
would not become me to hazard an opinion. M. Vicat has,
however, relieved me from that necessity, by expressing his
own very decidedly, in his declaration (in Chapter XV., Art.
263), that the superior adhesion of the hydraulic limes over
our (so called) Roman cements, must inevitably, in time, give-
them the preference, whenever the comparative merits of the
two are fairly known and appreciated. Now, without entering
upon the discussion of this question, I may remark, that it
appears to be one in which a contrariety of opinion may be oc-
casioned by a difference of situation and circumstances. Thus
it may perhaps be important, in considering the merits of the
two systems, to recollect, that in one the means of minute me-
chanical division are an essential element, in the other, that
it is unnecessary; and that this element which in one situation
may be obtained at a cheap rate, may in another be expensive
or unattainable. The hydraulic limes, therefore, which do not
require to be ground previous to use, are at all events, what-
ever may be their other merits, more especially suitable to
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those situations where the facilities of mechanical agency
cannot be resorted to. This circumstance would in itself
be sufficient to justify M. Vicat’s opinion; but I have now
referred to it principally to point out, that the use of ground
cements, valuable as they are in our constructions, are better
adapted to the vicinity of a large capital, where it is of little
importance that the builder becomes dependent upon others
for his supply, than for a remote situation or a new country,
in which the unground limes cannot fail to be preferred, from
the facility with which they may be prepared by the masori
himself. The difference, in fact, consists in this, that the
ground cements, of whatever kind, will ever be furnished by
manyufacturers, whereas the hydraulic limes may at all times be
prepared by the common workman, without machinery, and
at a cost not much exceeding that of common lime (vide note
to App. XVIII). And it will be in reference to this advantage,
in addition to those pointed out by M. Vicat, and in opposi-
tion to the inconveniences which may be occasioned by the
defect peculiar to them, their comparatively tardy solidification,
that the engineer will be guided in making the selection best
suited to his situation and exigencies.

Moreover, it is not merely in the accuracy of the details
of his valuable invention, that M. Vicat has done the most
service to the profession by the publication of his work; we
must not forget the variety of other processes which he has
illustrated and verified by numerous and exact experiments,
and by which he has increased the resources of the practical
engineer in every situation. And it is by the broad light
thrown upon the relations of the numerous but ill-known in-
gredients, that he has placed within his reach a clew for the
formation of compounds, hitherto guided by empirical rules,
seldom derived from and therefore not adapted to the cir-
cumstances under which they are to be applied.

It now only remains for me to express my acknowledg-
ments for the assistance of which I have availed myself, in
the execution of my small part of this volume. Of the pub-
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lished works to which I have had occasion to refer, I have
made a point of duly stating the authority to whom I have
been indebted; and to the distinguished authors to whem
these obligations are due, I have merely to add the names of
my friend Dr. Malcolmson, whose valuable services will be
recognised in various parts of the Work, and of Colonel Sim,
of the Madras Engineers, whose kindness in the ready com-
munication of the results of his extensive experience in the
processes for the manufacture of the celebrated mortars and
stuccoes of Madras, has added another favour to the many
debts of gratitude long due to him.
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