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SOUNDNESS OR CONSTANCY OF VOLUME 
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The term "soundness" is more comrnonly used in America and England 

than the expression "constancy of volume" suggested by the Committee 

of the American Society of Civil Engineers, or "deformation" as employed 

in France. The purpose of the test is to determine in advance whether a 

cement is in danger of disintegrating, that is, crumbling, or of expanding 
or contracting so as to cause distortion or cracking in the masonry. 

If a cement satisfactorily passes the tests for soundness, it will in áll 
probability withstand the effect of the elements without swelling or disin­

tegration, and will continue to harden for an indefinite period. Failure, 
on the other hand, to pass the tests for soundness,' especially the hot test, 
is not positive proof of inferiority, for a cement which fails to pass may 
possibly, through subsequent exposure to the air before being used, or 

because of mixing with sand or other aggregate, produce durable masonry. 
We may, however, with safety adopt the following conclusion: 

I f a P ortland cement pass es the Jwt test it may be used immediately 
with reasonable certainty of its ultimate soundness. Ij it jails to 
pass, it slwuld be regarded with suspicion and thoroughly tested. 

Causes of Unsoundness. Disintegration, or crumbling, of work in 
Portland cement properly mixed and laid, is usually due to an excess of 

lime in a form which can be attacked by the elements. This may come 
about in two entirely distinct ways, either (1) by the use of too high a 
proportion of lime in the raw materials from which the cement is made, 
(2) by under-burning the cernent, or (3) by too coarse grinding. 

The presence of magnesia in excess in a thoroughly burned cement may 
produce a gradual expansion which will disintegrate the mortar or con­
crete after severa! years. This action, brought to notice by tests of Mr. 
H. Le Chatelier, * is generally recognized, but opinions differ as to the 
limit to the percentage of magnesia which may occur in Portland 
cement without deleterious effect. Le Chatelier's experiments Ied him to 

consider s% as injurious. The Association of Gerrnan Cement Manu­
facturers first placed the limit at 3½% , and later raised it to 5% . Mr. 

· Spencer B. Newberry states (page 56) that recent experiments made by 
himself and by Van Blaese show that cements containing 8% or 9% of 
magnesia will pass the boiling test, while those with 15% magnesia will 

expand. The lirn.it of 4% recornmended by the Committee of the Amer­
ican Society for Testing Materials in 1904 (see p. 30) is undoubtedly 
conservative. Natural cement, which is burned at a lower temperature, 

*Cornmission des Méthodes d'Essai des Matériaux de Constructioo, 1895, Vol. IV, p. u9. 
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• · 'th t may contain a much larger quantity of free lime and of magnesia WJ ou 

~~ . 
The expansion caused by an excess of free lime is due to the hydratwn 

or slaking of the calcium oxide (CaO). This is readily under:tood from 

the expansion of common lime, which in slaking with water will produce 
a bulk of paste from 2 to 3 times greater than the volume of the loose 

powder. The presence of lime in a free or loosely combined state must 

not be confounded with other compounds of' calcium. A thoroughly 

slaked lime paste, or powder, that is, one which is completely ~y~ra~ed, 

may in fact be added to a Portland cement mortar without mJur~ous 

results, to lengthen its time of setting or to produce a more water-tight 

mixture. . 
The small amount of free lime which frequently occurs and sometimes 

produces unsoundness in first-class Portland cement, tested when fresh, 

may be hydrated and rendered harmless by air-slaking _after, s~y, two or 

three weeks' storage, or after spreading the cement out m the air. 
Adulteration with slag may cause a cement containing an excess of 

free lime to pass the boiling test. 
Tests for Soundness. The presenée of ingredients which will render a 

cement unsound, that is, which will cause it to expand or di:integrate'. is 
determined by the eye, or by measuring appliances in spec~ens wh1ch 
have been exposed under conditions which as nearly as poss1ble produce 
the same effect as the practica! effects of time and the elements. 

There is apparently no reliable method for determining ~~e pre:e~ce of 
free lime by chemical analysis. Mr. E. Candlot* says that there 1s m fact 
no method for fmding the percentage of free lime in the cement," and 

Dr. Schuman* concurs in this view in the following statement· 

I do not know a method for finding out the percentage of free lime in 
Portland cement. I do not think there exists such a method, and I. am 
myself of the opinion that chemists will never find out ?ne; the solut10~s 
capable of taking away the free lime from th_e cement ~111 always work m 
a more or less strong degree on the cement 1tself. 

This inability to detect free lime by chemical analysis necessitates a 

resort to physical tests. Specimens for testing soundnes: are generally 
circular pats tapering toward the edges, so that the expans1on of the mass 
will tend to enlarge the circumference and thus produce cracks at the edges. 

1 ~uoted by W. W. Maclay in Transactions American Society of Civil Engineers, Vol XXVII, 

P· 448. 
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Egg-shaped specimens and also briquettes are sometimes used. Both 
of these show deterioration by the appearance of the surface. · 

Appearance of Soundness Specimens. Cracks which appear on pats 
are not always caused by unsoundness. Expansion cracks, which revea! 

an unsound cement, are distinguished from shrinkage cracks, which usually 
appear during setting instead of after the cement is set, in Figs. 30 to 3 7. 
Hair cracks also sometimes appear upon specimens, and in practice upon 
neat cement or very rich mortar, where so large an excess of water has 
been employed in mixing that it <loes not dry off until the cement has set, 

and causes the deposition of a very thin coating of partially decomposed 
cement which had remained in suspension in the water. An unsound 
cement in air or in water at the ordinary temperature will generally show 
defect within 28 days, although in very exceptional cases severa! rnonths 
or even years have been known to elapse before signs of deterioration 
appear in specimens which have not been subjected to heat. 

Photographs of pats illustrating the appearance of defective specimens 
which have been subject to the boiling test are shown in Figs. 38 and 39, 
pages 108 and 109. Figs. 30 to 37, pages 104 and 105, are sketches* 
employed in the Philadelphia Municipal Laboratories for distinguishing 
harmless appearances in neat pats from evidences of unsoundness. Mr. 
Taylor describes the pats as follows: 

Fig. 30 represents a normal pat in good condition. 
Fig. 3 r represents shrinkage cracks. These cracks are ordinarily due to 

the use of a too wet mixture or to. too quick a drying out. If the pats are 
left exposed to dry air during setting these cracks are often developed. 
Shrinkage cracks ordinarily, therefore, indicate only a lack of care in 
manipulation, and not dangerous properties in the cement. 

Fig. 32 shows cracks caused by the expansion of the cement and tbe 
curling of the edges of the pat from the glass while the pat still adheres, 
which is often coincident with the expansion. In the air pats these cracks 
are developed in nine-tenths of the pats adhering to the glass, and unless 
very decidedly marked are not dangerous. They should not exist in the 
water pats. If they do exist, however, to an appreciable extent, it denotes 
the presence of a too great proportion of expansives, which ordinarily is 
sufficient to condemn the sample. 

Fig. 33 shows blotching, a pat which is usually indicative of either adul­
teration or under-burning. This condition in itself should not necessarily 
mean rejection, but should always induce an investigation of the causes 
producing it, which may or may not be suflicient to warrant rejection. 

Fig. 34 shows pats which have left the glass (A) by mere lack of ad­
hesion, (B) by contraction, and (C) by expansion. (A) is never dangerous 

*Presented to the authors by Mr. \V. Purves Taylor. 
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X 
Ftc. 31.-Hannless Shrinkage Cracks * 

~-===► ·<=== ==> ,_ _____________ , j J 
FtG. 32.-Expansion Cracks, Hannless in Air Pats.* 

B 

<e: _____ -=:::> e 

FIG. 33.-Blotches Requiring Ftc. 34.-Pats which bave left Glass.* 
In vestigation. * 

$$ce pp. 103 and 1o6. 
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F1c. 35· -Cracked Glass (pat removed.)* 

I 

Frc. 36.-lncipient Disintegration.* 

Ftc. 37.- Complete Disintegration.* 
$$ec pp. 103 and 1o6. 
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in either air or water. (B) and (C) are dangerous only when existing in 
a marked form. A curvature of about a quarter of an inch can be con­
sidered about the limit of safety in a 3-inch pat. Case (C) rarely, if ever, 

occurs in water. 
Fig. 35 shows a peculiar condition in which thepatis perfectly sound and 

hard, but the glass on which it is made is badly cracked.* This has often 
been laid to chemical action, but this conclusion is doubtless erroneous. 
It is probably due entirely to expansion of the pat, when the adhesive 
strength of the cement to the glass exceeds the strength of the glass itself. 
It is only found in the water pats, and is not usually indicative of dangerous 

qualities of the cement. 
Fig. 36 shows the radial cracks of incipient disintegration. These are 

the danger marks to be looked for in the normal pat tests, and are always 
;ufficient to warrant rejection. 

Fig. 37 shows cases of complete disintegration, which almost invariably 
begins merely by showing radial cracks, as in Fig. 36. 

Acc13lerated or Hot Tests. The object of all forms of hot tests is to 
produce in a few hours the results which at a normal temperature require 
several days or perhaps months. Engineers are by no meaos agreed as to 
the value of accelerated tests, the chief objection to their use being that 
sorne cements which fail in these tests prove satisfactory in construction. 

An argument for the hot test lies in the fact that Portland cement 
manufacturers are coming to recognize it as the very best test for 
them to use in determining whether their own cement will fulfil the 
requirements of permanent construction. In a recent letter to the authors 

the superintendent of one of the largest factories in the United States 
writes, "So far as we are concerned, we consider the hot test of the greatest 
importance. If this shows up well, we feel quite satisfied that all otlíer 
tests will show up properly." Those desiring to investigate the various 

opinions upon the subject are referred to References, Chapter XXXI. 
Mr. W. Purves Taylor, in a paper read before the Cement Section of thc 

American Society for Testing Materials, at the Sixth Annual Meeting, 

1903,t gives the results of a large number of accelcrated tests made 
at the Philadelphia Testing Laboratory by boiling balls or pats (after 
24 hours in moist air) for three or four hours, and the results of sorne 

of the conclusions there given are quoted as follows: 

"The condition in a cement most afiecting the result of an accelerated 
test is its age or the amount of seasoning it has undergone. Every cement, 

*Similar causes may produce one or two cracks in the glass. 
tProceedings American Socicty for Tcsting Materials, 1903, Vol. III, p. 174, also printed in 

Enginwing News, July z3, 1903, P· 81. 
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h h d much experience with the boiling test 
laboratory. No one who_ ~s b ª eans infallible the results obtained 
questions that, although \IS recr~ meither the tensile tests or the normal 
from it are generally corro o~~ ha% recently compiled sorne data in re­
tests for so~ndn~ss. Th~ wn er thousand tests on many varieties of 
gard to th1s pomt, cov~nng over. a 
cement, with the followmg results. . . 01 of them developed 

"Of ali samples failing to pass the b01ling test, 341fco th . less than 
• th l pats - or a loss o streng m 

checking or curvature m e normal th t failed in the boiling test but re­
twenty-eight days. Of those samp es a 

Five Weeks Old. 
Three Weeks Old. 

FIG. 8.-Specimens showing the Effcct of the Agc of thc Cement upon its Soundness. 
3 (See p. 107.) 
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nor_mal pat tests, and but 1310 

showed a falling off in strength m a year s time. 
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"This certainly makes a very strong showing in favor of the boiling test, 
at least considered from a laboratory standpoint. 

"In order to show the great valuc sometimcs obtained from the results 
of the boiling test, severa! examples are given in the table on page no of 
tests of cements occurring in the regular routine work of the laboratory." 

The air and water pats of sample 2 of this table are shown in Fig. 39 
at the age of four months. These pats were sound at twenty-eight days. 

In cqnclusion ~fr. Taylor lays special emphasis upon the fact that many 
cements which do not pass the· boiling test will give excellent results in 

FIG. 39.-Examples of Unsound Pats at 4 months which were sound at 28 days. 
(See p. 109.) 

practice. He gives as the probable reason for this that the test for sound­
ness is generally made immediately upon the receipt of a shipment, while 
the cement used in construction has opportunity to season, and upon the 
fact "that the disintegrating action of a cement is always far greater when 
mixed neat than when mixed with an aggregate, and the greater the amount 
of the aggregate the less the tendency to unsoundness." It is often good 
policy before rejecting a cement which fails to pass the hot test to hold it 

for a week or two so that it may further season and then retest it. 
Methods of Making Accelerated Tests. The methods of conducting 

accelerated tests are numerous, the object of all of them being to hasten 
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the hardening of the cement so as to produce in a few hours results which 
under ordinary conditions require weeks or months. Boiling the speci­
mens, i~stead of steaming them as recommended by the Committee of the 
American ·society of Civil Engineers, while more common, is more severe. 
Other methods are employed in Europe. 

The Steam Test, recommended by the Committee of the American So­
ciety of Civil Engineers, requires, as already described (p. 77), that the 
pat after twenty-four hours in moist air shall be placed in an atmosphere 
of steam above boiling water. 

The Boiling Test was originated by Prof. Tetmajer in Germany, After 
twenty-four hours in moist air, or until it is thoroughly set, the specimen 
is placed in cold water, which is raised to and then maintained at the 
boiling point for several hours. Three or four hours is the time specified 
by Mr. W. P~rves Taylor, and often used in the United States, although 
sorne cement factories boíl for twenty-four hours. Dr. Michaelis ad­
vocates six hours' boiling, and this period is specified by the French 
Commission. 

Combined Boiling and Tensile Test. A regular test at many Portland 
cement factories consists in testing the tensile strength of briquettes which 
have been subjected to the hot test. A briquette of neat cement after 
twenty-four hours under a damp cloth is placed in an atmosphere of 
steam over boiling water for an hour or two, and then immersed in water 
at about the boiling point and boiled for about twenty-four hours, when 
it must show a certain tensile strength. 

The Hot Water Test, as adopted by Mr. Henry Faija in England, and 
;i,dvocated there by Mr. David B. Butler, consists in subjecting a newly 
mixed pat to a moist heat of 100º to 105º Fahr. (38º to 40° Cent.) for six 
or seven hours, or until thoroughly set, and then placing it in warm water 
at a temperature of n5º to 120º Fahr. (46º to 49º Cent.) for the re­
mainder of the twenty-four hours. Mr. Deval in France employed a 
temperature of 176º Fahr. (80º Cent.) for a period of six days. 

Other Accelerated Tests which have been employed in Europe are oven 
tests, where the specimen is heated in an oven; glow tests, where a hall is 
heated over a gas flame, and Prussing disc tests, where clises are formed 
under heavy pressure and then exposed to hot water. 

.Measurement of Expansion. Appliances have been devised for testing 
the soundness of cement by measuring the amount of expansion or def­
ormation which it undergoes in different periods of time. The principal 
of these are the long bar apparatus, devised by Messrs. Durand-Claye and 
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d b th F ch Commission Bauschin-Debray which was recommende y e ren ' 
' hli't * r's cali r apparatus and Le C ate er s ongs. 

ge The crmney Expa~sion Test, in which a small quantit_y of neat cement 
. ch. ·th the idea that an un-ís solidly pressed into a stra1ght lamp imney w1 ts 

sound cement will break the glass, is worthless, as ali fi.rst-cJaSS cernen 

expand to a greater or less degree. 
*Dcscribed in Spalding's Hydraulic Ccmcnt, 1903, P· i66. 
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CHAPTER VIII 

SPECIAL TESTS OF CEME NT AN D MORTAR 

The most important tests for comparing the qualities of different ccments 
and for determining their practica! value hare been described in the pre• 
ceding chapter. Certain other tests are often made to investigate special 
qualities of a cement or mortar, or for scientific research. 

Such special tests may be enumerated as follows: 
Color. 
\Veight. 
Microscopical. 
Com pressi ve. 
Transverse. 
Adhesive. 
Shearing. 
Abrasive. 
Porosity. 
Permeability. 
Yield of mortar. 
Rise in temperature. 

COLOR 
The color of a cement bears but slight relation to its quality, but a vari­

ation of color in the same brand is sometimes an indication of inferiority. 
Natural cements made in different localities may often be distinguished 
from each other and from Portland cements by their color. 

Portland Cement. The chemical composition of Portland cements 
made by different processes is so uniform that the color of different brands 
varíes less than that of Natural cem~nts. 

The color of Portland cement is described as a cold blue gray. In 
England the term "foxy" is applied to a Portland cement of a brownish 
color. According to Mr. David B. Butler* this denotes "insufficient cal­
cination or the use of unsuitable clay or possibly excess of clay." He 
further states that if a Portland cement contains a large quantity of under­
·bumed particles, on account of their lower specific gravity they tend to 
rise to the surface on troweling, thus forming a yellowish brown film which 
is noticeable in the section of the briquette after fracture. 

*Butlcr's Portland Cemcnt, 1899, p. 255. 


