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I. INTRODUCTION

Unsoundness of a Portland cement, which is evidenced with

age by a lack of cohesion and strength, may not be apparent

for weeks or months after the cement is hydrated. This fact

has created a demand for an accelerated test of soundness, in

answer to which a large number of such tests have been proposed.

All accelerated tests are designed to hasten the action of any

expansive constituents of the cement, producing thereby evidence

of unsoundness in a few hours or days.

High-pressure steam as a means of determining soundness

apparently was first advocated in 1880 by Dr. Michaelas, who
procured a German patent * on what he termed a boiling test

1 Tonindustrie Zeitung, 1893, p. 8.
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at higher temperatures in which the cement soundness test pieces

were subjected in a steam-tight vessel to steam at 140 C to

180 C.

Dr. Erdmenger also advocated this test, and in 1881 2 pub-

lished a description of his method of testing soundness of cement

by means of high-pressure steam. He believed originally that it

was the magnesia which caused unsoundness, and that this test

detected the presence of magnesia in dangerous quantities.

Later, however, he modified this opinion, as he found some
cements which contained very little magnesia were unsound

when exposed to high-pressure steam, while some cements con-

taining a relatively large percentage of magnesia were found to

be sound. For several years thereafter Dr. Erdmenger advo-

cated the use of his high-pressure steam test in which he em-

ployed saturated steam at from 3 to 40 atmospheres pressure,

and used pats, briquettes, and expansion bars for test pieces at

various times.

It is the general opinion that the primary cause of unsoundness

in Portland cement is attributable to the presence of free or

loosely combined lime. Recent work by Phillips and Klein 3 in

confirmation of this opinion reveals additional facts concerning

the action of free lime in cement. Their conclusions may be sum-

marized as follows

:

Free lime is generally noted in small amounts in well-burned, higher limed

cements and in underburned, lower limed cements. On hydration, free lime,

according to its fineness, hydrates as crystalline or amorphous calcium hydroxide.

The disruption in cements in accelerated tests is due to the formation of the crys-

talline calcium hydroxide. Calcium hydroxide crystals are found in cement

hydrated under normal conditions, but are not as large in size as those found in

cement subjected to high-pressure steam.

Since there is no chemical means by which the percentage of

free lime in cement can be determined and the identification of

this constituent by optical means is difficult and limited, inves-

tigators have endeavored to find an economical physical test that

would detect the presence of free lime in its dangerous form

where it is liable to cause disintegration, cracking, and weakening

of the cement.

2 Tonindustrie Zeitung, 1881, Nos. 24, 25, 26, and 27.

3 Technologic Paper No. 42, Bureau of Standards.
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To effect the quick expansion of the free lime or other expan-

sive constituents, various experimenters have employed heat and

water at various temperatures, steam at atmospheric pressure,

and steam at pressures from 3 to 40 atmospheres. Accelerated

tests may also be divided into qualitative and quantitative tests.

In qualitative tests the unsoundness of the cement is exhibited

by the development of cracks, the warping of test pieces, or their

disintegration. In quantitative tests the amount of expansion

of the cement or the effect on the strength of the cement is taken

as the measure of the unsoundness.

In 191 2 Force 4 recommended the use of a high-pressure steam

test and in 191 3 issued a specification which prescribed the fol-

lowing :

Soundness—Force Autoclave Test

Three neat briquettes to be made up in the usual manner and allowed to remain

in the damp closet for 24 hours. At the expiration of that time the briquettes are

to be removed from the molds and placed in the autoclave, sufficient water being

added to partly or wholly cover the briquettes. The autoclave is then closed, the

burners being of sufficient size to raise the pressure to 295 pounds in not more than

one hour. The pressure of 295 pounds shall be maintained for one hour longer,

or a total time of two hours. The pressure is then to be gradually released, the

briquettes taken out and placed in the moist closet, where they shall be allowed

to remain for one hour. At the end of that time they are to be broken in the stand-

ard cement testing machine in the usual manner. The average tensile strength of

the three briquettes taken from the autoclave must show a tensile strength of not

less than 500 pounds per square inch. They must also show an increase of not less

than 25 per cent over the average tensile strength of three briquettes broken at the

end of 24 hours. A bar of neat cement, 6 inches long by 1 inch square, shall be
made up at the same time the briquettes are made. This expansion bar to remain

in the moist closet for 24 hours and to be removed along with the briquettes and
tested with the briquettes in the autoclave, as indicated above. After one hour

in the moist closet, this expansion bar shall not show an expansion greater than one-

half of 1 per cent.

Several railroads and other corporations adopted this test into

their specifications, which brought about considerable contro-

versy between its advocates and the cement manufacturers.

Many of the cement manufacturers refused to furnish cement

upon a specification which included this test, believing the test

to be an abnormal one not in any way measuring the relative

soundness or cementing value of Portland cement as used nor-

mally in concrete. It was also suggested that this test be in-

* Engineering News/ Jan; 13, 1912.

n<£QJU
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eluded in the United States Government Specification for Port-

land Cement.

The work reported in this paper was limited to a physical

investigation of the use of high-pressure steam as a means of

determining the soundness of Portland cement both as a quali-

tative and quantitative test. In a number of instances the

auxiliary tests are not as complete as might be desired, but

they are of interest and therefore the results are included.

It is desired to thank the following cement companies for

furnishing some of the cements used in these tests and also for

their active interest in the work: Alpha Portland Cement Co.,

Alpha, N. J.; Atlas Portland Cement Co., Northampton, Pa.;

Dexter Portland Cement Co., Nazareth, Pa.; Edison Portland

Cement Co., New Village, N. J.; Lehigh Portland Cement Co.,

Ormrod, Pa.; and Universal Portland Cement Co., Universal, Pa.

Acknowledgment is also made to the Association of American

Portland Cement Manufacturers for their cooperation in obtain-

ing the samples, the chemical division of the Bureau of Standards

for the chemical analyses of cements, and to G. M. Williams for

his assistance in conducting the tests.

II. SCOPE OF INVESTIGATION

The investigation reported in this paper was made to establish,

if possible, a relationship between the behavior of Portland

cements in high-pressure steam and their physical properties

under normal conditions of use and exposure, and to determine

what value, if any, the high-pressure steam test has as a means

of detecting unsoundness which might cause a weakening or dis-

integration of the cement or concrete.

III. PROPERTIES OF MATERIALS USED IN TESTS

1. CHEMICAL

The complete chemical analyses of the cements used in this

investigation are given in Table i

.

2. PHYSICAL

The physical properties of the cements are given in Table 2,

and the physical properties of the aggregates used in the concrete

will be found in Table 3.
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TABLE 1

Chemical analyses of cements

Brand of

cement Lab. No.
Silica

(SiOg)
Iron

(Fe2 3 )

Alumina
(AlsOs)

1.95 7.01

2.10 6.74

2.25 7.67

2.30 7.70

2.40 7.64

2.30 7.00

2.10 7.36

2.45 6.81

2.25 7.19

2.45 7.09

2.30 7.20

2.60 5.84

2.80 7.12

2.55 7.39

2.40 7.46

2.55 6.95

2.75 6.81

2.40 5.36

2.15 5.51

2.50 6.56

2.80 5.56

2.15 5.67

2.50 8.20

2.50 8.10

2.40 a 7. 92

2.35 7.83

2.50 6.42

3.50 6 7.92

3.07 C8.31

2.85 <*8.49

7.35 5.71

7.73 5.35

2.35 6.23

2.20 6.68

.30 6.46

.30 7.42

Lime
(CaO)

Mag-
nesia
(MgO)

Sulphuric
anhydride
(S03 )

Loss on
ignition

Insolu-
ble

residue

AK
A2.

Bi.

B2.

B3.

Ci.

C2.

OS.

C<.

Di.

D2.

D3.

D<.

Ei.

E*.

F*.

F2.

G2

G3

G<

G*

G«

G?

G»

Hi.

H^

P.

K.

L.

M

345-13

406-13

948-12

949-12

303-12

1171-13

243-13

243a-13

397-13

398-13

1209-12

378-13

379-13

441-13

863-12

875-12

882-12

312-13

313-13

421-13

459-13

178-92-12

1079-12

1080-12

1460-1-12

947-12

1081-12

175-6-13

442-13

435-12

532-12

901-12

1208-12

788-12

774-12

669-12

20.94

21.46

21.24

20.48

20.79

20.52

21.12

20.88

21.54

21.50

20.96

21.66

20.20

19.86

20.12

20.24

20.04

23.76

23.66

22.14

20.32

21.96

19.50

19.56

19.94

20.00

21.64

19.54

19.64

20.04

19.42

19.80

21.16

23.72

25.84

23.76

63.12

62.10

61.60

62.10

62.42

63.00

62.20

62.62

61.62

61.72

61.90

63.32

63.80

63.08

62.70

62.56

62.54

62.86

62.80

62.96

62.76

64.50

64.42

63.72

63.48

63.36

63.94

62.94

62.90

63.06

63.36

63.22

64.26

61.94

61.76

62.76

3.52

3.46

3.00

2.85

2.98

3.04

3.22

3.24

3.18

3.11

3.13

2.63

2.70

2.83

3.34

3.26

3.25

3.11

3.21

3.00

4.42

1.82

1.64

1.70

1.60

1.99

1.80

1.54

1.35

1.91

1.06

1.11

3.62

3.11

1.34

1.13

1 50

1.52

1.84

1.78

1.73

1.66

1.61

1.66

1.64

1.64

1.68

1.38

1.51

1.44

1.33

1.48

1.30

1.33

1.29

1.43

1.63

1.19

1.55

1.45

1.56

1.47

1.63

1.55

1.55

1.56

1.25

1.29

1.60

1.19

1.75

1.38

2.15

1.39

1.42

1.96

1.02

2.01

1.33

2.31

1.22

1.13

2.50

1.40

1.78

1.84

2.85

2.81

2.77

.68

1.54

2.03

2.22

2.21

3.18

2.95

2.42

3.51

1.72

2.02

2.48

1.67

1.18

1.46

.94

.62

1.74

3.04

0.13

.12

.73

.68

.32

.35

.67

.41

.73

.73

.45

.60

.42

.18

.79

.18

.19

.35

.58

.19

.43

.22

.30

.87

.73

.19

.25

.35

.42

.21

.34

.23

.37

.49

.85

a Contains 0.47 per cent of M113O4.

b Contains 0.61 per cent of M113O4.

97153°—15 2

c Contains 0.64 per cent of MnaOi.
d Contains 0.5 per cent of M113O4.
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TABLE 3

Physical Properties of Aggregates

Weight
per cu-
bic foot

(pounds'

Specific
gravity

Per cent
of voids
com-
puted

Mechanical analyses

Aggregate a

Number
of mesh

Opening
in inches

Per cent
passing

3 0.263 100.0

4 .185 99.4

6 .131 96.6

8 .093 91.7

10 .065 85.6

14 .046 80.0

Potomac River sand 104 2.66 37.2 20 .0328 71.0

28 .0232 54.8

35 .0164 37.9

48 .0116 18.9

65 .0082 9.3

100 .0058 3.7

150

Screen
(inches;

2.0

.0041

2.0

1.9

100.0

1.5 1.5 96.5

Potomac River washed gravel 104 2.60 35.8
1.0 1.0 74.9

.75

.50

.75

.50

59.8

39.4

.25 .25 13.4

a Both aggregates were composed chiefly of silicious material, were clean, and practically free from clay
or loam.

IV. DESCRIPTION OF TESTS

The qualitative high-pressure steam test used throughout this

paper consists of subjecting an ordinary soundness pat, which

has been stored for 24 hours in a damp closet, to a steam pres-

sure of 300 pounds per square inch for at least one hour, the total

time in the high-pressure boiler being three hours. A cement

was said to pass this test when it exhibited no cracking, warping,

or disintegration on examination after the treatment. The quan-

titative high-pressure steam test consists of molding six bri-

quettes of neat cement at normal consistency, storing these test

pieces 24 hours in a damp closet, then subjecting three of them

to an atmosphere of steam at 300 pounds pressure for at least

one hour ; total time in the high-pressure boiler being three hours.

The briquettes (both treated and untreated) are then broken in





Bureau of Standards Technologic Paper No. 47

Fig. la.—Neat cement prisms after storingfor two years in air under cover

All of the above prisms contained cement that passed the standard atmospheric steam test but
failed in high-pressure steam at the time the prisms were molded. These prisms were merely stored
in air and never treated in steam. Note the warping of all prisms and the partial disintegration
of one prism marked 5-378, which broke in handling

FiG. ib.—Effect of high-pressure steam on neat cement and mortar briquets

All of the above half briquets contained cement that failed in the high-pressure steam test. Half

briquets on the left are composed of 1:3 standard sand mortar. The one on the extreme left has

been treated in steam at 180 pounds pressure for five hours, while the other half has not been

treated. Half briquets on the right are composed of neat cement. The left one has been treated

in steam at 180 pounds pressure for five hours, while the extreme right one has not been treated in

steam
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a shot-testing machine. A cement was said to pass this test

when the treated briquettes exhibited greater strength than the

untreated ones. Throughout this paper cements are classified

into three types, respectively:

(i) A cement which fails to pass the standard atmospheric

steam test.

(2) A cement which passes the atmospheric steam test but fails

when treated in high-pressure steam.

(3) A cement which passes both atmospheric and high-pressure

steam tests.

1. SOUNDNESS TESTS

Of a number of the routine samples of cement of various brands

received in the Bureau laboratory, four soundness pats were made;

one was stored in air at approximately 20 C (68° F), another

placed in water at 20 C (68° F), the third treated in steam over

boiling water at atmospheric pressure for five hours, while the

fourth was subjected to 300 pounds steam pressure for at least

one hour, total time in the high-pressure boiler being three hours.

The results to date show, first, that all the type 1 cement that

failed in the atmospheric steam test also finally failed as a neat

cement pat stored in air, although they were sound at the 28-day

period; and, second, that some of the cement classified as type 2

failed in air, while no cement of type 3, which passed the high-

pressure steam test, failed in air. With one exception, all pats

stored in water when last examined were sound. The cement

which failed within two years showed some warping and was a

type 2 cement. (See Fig. 1a.)

In Table 2 the results of the routine tests, including high-

pressure steam tests of the cements used in the strength and
linear change tests, are given.

In order to ascertain what proportion of the cements as at present

manufactured were sound after exposure in high-pressure steam,

all routine samples received for a period of about nine months
were subjected to the qualitative high-pressure steam test, and

the results are shown in Table 4 below. The qualitative high-

pressure steam test was employed because the amount of cement

which could be spared for these experiments was necessarily
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small. The effect of high-pressure steam on neat cement which

was unsound in high-pressure steam and one to three mortar of

this cement is shown in Fig. ib.

TABLE 4

Results of Tests of Portland Cement in High-Pressure Steam

Samples
tested

Samples
sound

Samples
unsound

Brands
sound

Brands
unsound Brands sound at one time, unsound at others

564

61 ?>

438

51

126

10

35

5

16

1

as

a These brands are included in other two columns.
b White Portland and natural so-called nonstaining cements.

In order to determine the effect of a small amount of free lime

on the soundness of a cement, the following tests were made:

Samples of chemically pure calcium carbonate, calcium sul-

phate, calcium nitrate, and limestone from the raw material taken

at a cement mill were ignited in a vacuum furnace for a total

time of from two to two and one-half hours, the maximum tem-

peratures of 1400 C and 1700 C were maintained for at least

one hour, and this calcined material added to a sound cement in

two proportions, 0.5 and 4 per cent, respectively. The results are

given below in Table 5. None of the compounds burned at either

1400 C (2552 F) or 1700 C (3092 F) when added to the cement

to the amount of 0.5 per cent caused unsoundness even in high-

pressure steam. It is observed that the limestone ignited at

1400 C and added to the amount of 4 per cent to a sound cement

caused it to disintegrate, while the same cement, to which 4 per

cent of the other calcium compounds ignited at the same tempera-

ture was added, was sound after exposure in both the atmospheric

and high-pressure steam test.
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TABLE 5

13

Results of Soundness Tests of Portland Cement to which Calcined Limestone, Calcium
Carbonate, Sulphate, and Nitrate were added

Compound 1

Temperature to

which compound
was heated

Percent of ignited
compound added

to cement
Treatment of pat

Result of
treatment

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4.

1

2.

3

4

1

2

3

4

1

2

3

4

1

2

3

4

°C*

1400

1400

1400

1400

1400

1400

1400

1400

1700

1700

1700

1700

1700

1700

1700

1700

1400

1400

1400

1400

1400

1400

1400

1400

1700

1700

1700

1700

1700

1700

1700

1700

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

5

0.5

0.5

4

4

4

4

4

4

4

4

4

2

4

4

4

2

4

4

I In steam at atmos-

I pheric pressure, 5

[
hours.

[in steam at 300 pounds,

1 hour; total time,

I

3 hours.

I In steam at atmos-

[
pheric pressure, 5

I hours.

I In steam at 300 pounds,

I 1 hour; total time,

I

3 hours.

I In steam at atmos-

I pheric pressure, 5

I

hours.

In steam at 300 pounds,

1 hour; total time,

3 hours.

I In steam at atmos-

I pheric pressure, 5

I

hours.

I In steam at 300 pounds,

I 1 hour; total time,

[ 3 hours.

All sound.

•All sound.

•All sound.

•All

Sound.

Sound.

Sound.

(
c
)

Sound.

Sound.

Sound.

(
c
)

(
c
)

Sound.

CO

(
c
)

(
c
)

Sound.

(
c
)

(c)

o Compound 1, calcium carbonate; compound 2, calcium sulphate; compound 3, calcium nitrate; com-
pound 4, limestone from raw material taken at cement mill.

& This temperature was maintained in vacuum furnace for at least 1 hour; total time in furnace from 2 to

2% hours.

« Completely disintegrated before treating in steam.
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2. STRENGTH TESTS

A series of mortar strength tests were made, employing nine

different samples of cement, comprising five different brands, three

of these being of cements of type i , failing to pass standard atmos-
pheric steam test and the high-pressure steam test two of type 2,

which passed in the atmospheric steam test and failed in the high-

pressure steam test, and four of type 3, passing the high-pressure

steam test and the atmospheric steam test. The mortar was com-

posed of one part cement to three parts standard Ottawa sand,

by weight, mixed at a consistency corresponding to the normal

consistency of the cement used and molded by hand in brass

molds. Both briquettes and 2-inch cubes were molded, and the

test pieces were tested, or are to be tested, at various intervals

up to 10 years. The results of these tests up to the present time

are shown in Table 6 and diagrammatically in Figs. 2 and 3.

All test pieces were stored in air except where noted.

A series of concrete strength tests were made to determine the

cementing value of the three types of cements as normally used

in concrete mixtures without exposure to steam. Eighteen sam-

ples of cement were employed, comprising seven different brands,

four of these samples being of type 1, seven of type 2, and seven

of type 3. The test pieces were concrete cylinders 8 inches in

diameter by 16 inches high. The concrete was composed of one

part cement, two parts Potomac River sand, and four parts

washed Potomac River gravel, by volume. A medium consist-

ency was employed containing about 9 per cent of water and

the concrete was mixed in a one-half-yard cube mixer and molded

by hand in steel molds. These cylinders, of which 45 were

molded for each sample of cement, were tested, or are to be

tested, at various intervals up to 10 years. All test pieces were

kept in a damp place for 30 days, and then stored in air outdoors

for the remaining time prior to testing. Three test pieces were

tested at each test period, and the modulus of elasticity, together

with the yield point, was determined on at least two of the cylin-

ders of each set.

The results of the concrete strength tests to date are shown in

Table 7 and diagrammatically in Fig. 4.
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A study of the effect of various steam pressures on cement

passing the standard steam test is shown in Table 8. This table

includes the results of tests of steam-treated mortar specimens

two days old (just after removal from steam boiler), and similar

results of tests when the steam-treated specimens are 28 days

old. The results show that after the steam pressure has been

raised to 100 pounds there is practically no increase in strength

due to storing the treated test specimens for an additional 26

days in water before testing. The maximum tensile strength for

this cement appears to have been attained with 140 pounds steam

pressure.

An investigation reported in Technologic Paper No. 5/ which

contains the results of tests of 8 by 16 inch mortar and concrete

cylinders exposed to steam at pressures up to 80 pounds per

square inch for various durations, showed that this treatment

increases the compressive strength several hundred per cent, the

maximum strength being obtained at the maximum steam pres-

sure and duration.
5 The Effect of High-Pressure Steam on the Crushing Strength of Portland Cement Mortar and Concrete;

Technologic Paper No. 5, Bureau of Standards.
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TABLE 8

23

Effect of Various Steam Pressures on Tensile and Compressive Strength of 1 :3 Port-

land Cement Standard Ottawa Sand Mortar

Cement a

Steam
pressure
(lbs. per
sq. in.)

Tensile strength
(lbs. per sq. in.)

Compressive
strength (lbs. per
sq. in.)

48 hours 28 days 48 hours 28 days

A 10

20

40

60

80

100

100

100

120

140

160

180

180

180

200

275

225

118

117

115

151

195

294

381

&514

385

410

363

362

c369

<*398

245

e218

/211

261

218

190

215

260

315

366

425

358

411

355

286

c256

<*272

288

193

219

A
A
a : .

.

1,915

1,176

1,750

1,890

3,397

2,591

2,262

2,385

A 2,178

A 2,867

A
A
A 2,485

2,965

2,912

3,198

3,416

2,353

A 2,537

A 2,327

A 3,050

A 3,079

A
B
B
B

o All subjected to steam at stated pressures for 5 hours unless otherwise noted. Both cements A and B
passed the standard soundness test. All test pieces placed in boiler after 24 hours in damp room. Al

values are the average of 3 test pieces.

b Age, 7 days. Under pressure at 100 pounds for 15 hours.

c Two periods of 5 hours each.

d Three periods of 5 hours each.

« Exposed to one period of 5 hours at 200 pounds pressure then one period of 5 hours at 275 pounds.

/ Exposed to 5-hour periods each at 200 pounds, 275 pounds, and 225 pounds pressure.

3. LINEAR CHANGE TESTS

Tests were made on a large number of cement samples of

various brands and comprising the different types of cement to

determine the linear change occurring in these cements when
stored in air, water, or treated in high-pressure steam. The test

pieces employed were i by i by 13 inch prisms, and in most of

the tests they were composed of neat cement gaged at normal

consistency. For the first 24 hours after molding all test pieces

were stored in a damp closet. They were then removed, and
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by means of a mounted micrometer reading to thousandths of

an inch the original reading was made. All the molds in which

the test pieces were made were approximately 13 inches in length,

and this was considered the original length by which airchanges

in length were divided to determine the per cent of linear change.

The results of the tests made on prisms stored in air and water

are given in Table 9.

The effect on the length of the prisms of treating them in high-

pressure steam is shown in Table 10. Fig. 5 shows one of these

prisms of cement unsound in high-pressure steam before and

after exposure to steam.

The effect on the length of these cement prisms of storing them
in air and water is also shown in Fig. 6. While the results

obtained with different cements overlap a good deal, it is evident

that there is a tendency for the type 3 cement to show more con-

traction in air and less expansion in water than the type 2 cement.

This would indicate that the type 2 cement contained a certain

amount of expansive material, which in time tended to counteract

the effect of contraction due to drying in air and added to the

expansion caused by immersion in water. If this be definitely

established, a type 3 cement would be less desirable than a type 2

cement in ordinary construction work exposed in the air.

Several tests were made to determine the linear change which

occurred with cements to which sand or waterproofing compound
are added. To one cement failing in the high-pressure steam

test an equal part of standard Ottawa sand was added and a prism

molded. This prism was then subjected to 180 pounds steam

pressure for five hours and the linear expansion determined. A
similar test prism containing one part cement to two parts standard

sand was molded and treated in high-pressure steam. It was

found that the linear expansion of the 1 : 1 mortar was 96 per cent

of that of the neat cement, and the 1 : 2 was 69 per cent of that of

the neat. All test specimens received the same steam treatment.

To one cement 2 per cent of an integral antipathetic waterproofing

compound, composed of stearic acid and lime, was added, and its

effect on the linear change of test prisms stored in air and water

was studied. The results show that the presence of the water-

proofing compound had no effect on the linear change.
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2 4
teelcs

133 ' ~" 3 V~~ 67 8 11 IS
Months

AGE OF TEST PIECES WEEK MEASURED TO DETERMINE CHANCE IN 1ENGTH

Fig. 6.

—

Linear change of neat cement prisms stored in air and water made in connection

with the investigation of the value of the high-pressure steam testfor Portland cement

Each dot represents the average results given in Table 9. Test pieces 1 by 1 by 13 inches neat cement

prisms. Linear change in per cent of original length.
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TABLE 10

Summary of Linear Expansion Tests of Neat Cement Prisms Treated in High-Pressure
Steam

Brand of cement Lab. No.
Type
of ce-
ment ">

Test
piece

Age
when
treated
(days)

Steam
pressure
(lbs. per
sq. in.)

Periods
in

steam

Total
time
in

steam
(hours)

Linear
expan-
sion
in per
cent of

original

length

A1 345-13

406-13

303-12

948-12

243-13

397-13

1209-12

378-13

2

3

2

2

3

3

3

2

3

lor 2

3

j 1

1
2

J
1

1
2

1

62

62

3

1

j 1

t
2

1

1

J
1

1 2

f

Cl

c\

cl

1

Cl

dZ

dl

{ dl

j 1

1
2

j 1

i
2

1

1

1

1

5

1

2

21

1

1

1

1

4

1

1

2

3

11

300

300

300

300

180

180

180

275

300

300

300

300

300

300

300

100

100

100

180

100

100

100

300

300

300

300

1

1

1

1

1

1

2

1

1

1

1

1

1

1

1

1

2

4

6

1

2

7

1

1

1

1

3

3

3

3

5

5

5

5

3

3

3

3

3

3

3

5

5

5

5

5

5

5

3

3

3

3

1.88

1.85

Av. 1.86

A2
.13

.13

Av. .13

B3

4.20

4.40

Bi

4.80

4.20

2.70

C2
.38

Ci

.39

.09

C< .14

Di
5.45

4.20

Av. 4. 82

D3

.20

.29

.29

.30

312-13

421-13

.18

.28

.31

Ei
6.50

10.80

Av. 8. 65

E2
.12

.12

Av. .12

a See p. n.
& Same test piece was treated second time.

c This was same test piece subjected to steam at various pressures for 5 hours each time.

d Same test pieces tested at 100 pounds steam for periods of 5 hours each.
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TABLE 10—Continued

29

Linear

Brand of cement Lab. No.
Type
of ce-
ment

Test
piece

Age
when
trea.ed
(days)

Steam
pressure
(lbs. per
sq. in.)

Periods
in

steam

Total
time
in

steam

expan-
sion
in per
cent of

(hours) original
length

F 459-13 2
1

2

1

1

300

300

1

1

3

3

(O
(«)

:

/l 1 100 1 5 .09

/l 2 100 2 5 .10

/l 3 180 3 5 .13

F2. 178-192-12 3
/l

92

6

1

180

180

5

1

5

5

.13

.13

gi 2 180 2 5 .14

9l 3 180 3 5 .21

9l 4 180 4 5 .31

M 1 100 1 5 .06

hi 2 180 2 5 .07

F3. 195-214-12 3 hi

hi

5

1

180

180

4

1

5

5

.07

.09

hi 3 180 3 5 .11

H 1 100 1 5 .16

F< 251-60-12 3
2

4

100

180

2

4

5

5

.15

.16

i\ 7 180 6 5 .16

G2... 1080-12 2

ii

3

1

1

300

300

300

1

1

1

3

3

3

4.30

5.92
G* 442-13 2

6.08

G2 1081-12 3 1 1 300 1 3 .13

G1 1079-12 3 1 1 300 1 3 .12

(
n 2 180 1 5 .10

G« 435-12 3 n 3

7

180

180

2

6

5

5

.11

.14

f
*i 1 180 1 5 .05H1 532-12 3 {m 2 180 2 5 .14

Ii 1208-12 3 1 4 300 1 3 .13

« Completely disintegrated.

/ Same test piece tested at various pressures for a period of 5 hours each time.

9 Same test piece tested several times for periods of 5 hours each time.

h Same test piece treated several times for a period of 5 hours each time.

* Same test piece treated several times at various pressures for periods of 5 hours each.

J This test was made after this cement became type 3. Same test piece treated several times for periods

of s hours each time.

* Same test piece.
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TABLE 10—Continued

Linear Expansion of Standard Specification Cement and Mortar Treated in High-
Pressure Steam

Brand of

cement
Lab. No.

Type
of ce-
ment

Composition of test

piece

Age
when
treated
(days)

Steam
pressure
(pounds)

Testing
periods

Total
time
in

steam
(hours)

Linear
expan-
sion
in per
cent of
original

length

J
303 to

I 314-12 I

2

fNeat 1

1

1

180

180

180

1

1

1

5

5

5

4 7

B3 < 1 :1 standard sand . .

.

1 1:2 standard sand..

.

4. 6

3.3

4. RELATION BETWEEN FINENESS OF CEMENT AND SOUNDNESS IN
HIGH-PRESSURE STEAM

A cement passing the standard fineness and soundness tests

but showing unsoundness in the qualitative high-pressure steam

test was separated into that passing the No. 200 sieve and that

retained on the No. 200 sieve. A pat was made of the cement

passing the No. 200 sieve and treated in steam at 300 pounds

pressure for one hour, total time in high-pressure boiler being

three hours, and when examined it was found perfectly sound. A
mixture of one part cement passing the No. 200 sieve and one

part of the material retained on that sieve was then made, from

which a pat was molded and subjected to the qualitative high-

pressure steam test, with the result that the pat completely disin-

tegrated under treatment. A pat containing a mixture of two

parts of the cement passing the No. 200 sieve and one part of the

retained material was similarly tested and likewise disintegrated

in high-pressure steam, but the disintegration was not as complete

as in the 1 : 1 mixture. Further, the coarse material retained on

the No. 200 sieve from a cement that was sound in the qualitative

high-pressure steam test was made into a pat and exposed to

high-pressure steam, with the result that the pat completely dis-

integrated. This same cement when tested as received by the

quantitative high-pressure steam test showed a 25 per cent

increase in tensile strength for the treated cement over the

untreated. Many of the routine cement samples that passed the

high-pressure steam test were relatively coarse cements, i. e., only
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75 to 80 per cent passing the No. 200 sieve. One cement having

79 per cent passing the No. 100 sieve and 61 per cent passing the

No. 200 sieve was sound in the high-pressure steam test.

5. EFFECT OF AGE ON THE SOUNDNESS OF CEMENTS THAT ORIGINALLY
ARE UNSOUND IN HIGH-PRESSURE STEAM TESTS

About 30 samples of cement, all sound in the standard atmos-

pheric steam test but unsound in the qualitative high-pressure

steam test, were stored in air-tight glass jars and retested in high-

pressure steam at various intervals. The results of these tests

indicate that a cement originally unsound in high-pressure steam

will become sound, according to this test, in from two to six

months. On some of the cements a number of pats were made at

a time when the cement was unsound in high-pressure steam.

These pats, which were stored in both air and water, were tested

at subsequent intervals, and it was found that most of them
passed the high-pressure steam test after storing for from six

months to one year. A sample of one cement which was unsound

in the standard atmospheric steam test stored in a cotton bag in

the laboratory became sound in three weeks; stored in a Mason
jar with cover tightly screwed on, it became sound in four months;

and sealed in a glass jar from which the air was exhausted, it was
still unsound at the end of two years.

V. SUMMARY

The general soundness tests show that some cements mixed
neat, which are sound according to the standard specification

atmospheric steam test and unsound after exposure in high-

pressure steam, exhibit signs of unsoundness when stored under

normal conditions in dry air. This unsoundness may require nine

months or more to develop where the test pieces are of neat

cement.

The tensile strength tests of 1
:
3 mortar fail to show that a cement

passing the high-pressure steam test is superior in cementing value

to a cement which does not pass this test but passes the standard

specification test. The briquettes made from the cement unsound

in atmospheric steam do not show inferiority in strength to those



32 Technologic Papers of the Bureau of Standards

made of sound cement. A striking feature of these tests at the

later periods is the high value attained by two of the cements

which were unsound in the atmospheric steam test.

The compressive strength tests of i : 3 mortar in 2-inch cubes

show a comparatively low strength at the earlier periods for

type 1 cement, which is unsound in the atmospheric steam test,

and a high strength at all periods of type 3 cements which pass the

high-pressure steam test. In all cases where several samples of

the same brand, some classified as type 2 and some as type 3

cement, the test pieces which contain the type 3 cement give

higher strength values throughout.

The compressive strength tests of the concretes composed of

one part Portland cement to two parts sand and four parts of

gravel show a superiority at the earlier periods of type 2 and

type 3 cements, which are sound in atmospheric steam and high-

pressure steam, respectively, over the type 1, which is unsound

in atmospheric steam, and little or no difference in strength

between type 2 and type 3 cements at any periods.

There is no consistent relation existing between the strength of

type 2 and type 3 of the same brand, sometimes type 2 being

stronger and at other times type 3 is stronger. There is a large

range in the strength of samples of the same brand received at

different times irrespective of the type, and a considerable range

in the different brands both for type 2 and type 3. It was noted

that cylinders tested in the winter and spring months consistently

gave lower values than similar cylinders tested in the summer and

fall, but no explanation can be offered for this variation. It is

interesting to note that one of the cements giving one of the

strongest concretes throughout was taken from a delivery rejected

on account of unsoundness in steam and is a type 1 cement.

The results of the tests of linear change of neat cement prisms

of both type 2 and type 3 cements as a whole show no difference

that could be attributed to the type of cement when the prisms

are stored in air and water. There is more variation between the

different brands than between different types of the same brand.

However, in one case a neat cement containing type 2 cement

(marked D 1
) at four months began to expand in air and continued
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to expand to a great degree up to the last period measured. This

test prism also began to warp and show signs of disintegration.

Several of the other prisms containing type 2 cement showed

some warping, but no prisms containing type 3 cement exhibited

any warping or other signs of unsoundness. (See Fig. 6.)

The treatment of neat cement prisms in high-pressure steam

showed an expansion of from 1.86 to 10.80 per cent for type 2

cement (in some cases the prisms completely disintegrated) , while

prisms containing type 3 cement expanded in high-pressure

steam from less than 0.1 up to 0.31 per cent. Increasing the

pressure from 100 to 300 pounds affects the amount of expan-

sion of the prisms but little, if any. The addition of a small

amount of water-repellant compound to the cement does not

affect the amount of its change of length when stored in air or

water. The addition of sand to a prism containing type 2 cement

reduces the amount of expansion in high-pressure steam for a

1 : 1 mortar to 96 per cent of that of the neat, and for a 1 : 2 mor-

tar to 69 per cent of the neat, all being subjected to the same
high-pressure steam treatment.

Seventy per cent of a total number of 51 brands of cement tested

passed the high-pressure steam test.

Of cements normally unsound in the standard atmospheric

steam or high-pressure steam test, if the finer sized particles are

removed and tested separately, they will generally be found more
sound than the original cement tested in the same manner, and in

many cases they will be found entirely sound. Further, if the

coarse particles of a cement which is sound after exposure in high-

pressure steam are removed and tested separately, they may be
found to be unsound in this test. While fineness is not essential

to soundness, it appears to be the coarse particles of a normally

unsound cement which cause the expansive action and the

cracking and disintegration of the pat.

A cement originally unsound in the high-pressure steam test

will usually be found sound if exposed to this test after aging

from two to six months.

If a cement which will not meet the requirements of the high-

pressure steam test is mixed with water and formed into a pat,
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it sometimes becomes sufficiently sound to pass the high-pressure

steam test, if the pat is stored from six months to a year in either

air or water prior to exposing to high-pressure steam.

The maximum tensile strength of sound cement exposed to

steam appeared to be attained at a pressure not exceeding 150

pounds per square inch; but this may vary with different brands

and different durations of the steam treatment. Type 2 cement

begins to fail when subjected to steam at a pressure as low as

25 pounds.

VI. CONCLUSION

1

.

The high-pressure steam test should be made on all cements

that are incorporated in cement, mortar, or concrete products

that are to be cured in steam at pressures above atmospheric.

2. The high-pressure steam test may be of value as forecasting

the behavior of neat cement or a very rich mortar when exposed

under normal conditions in dry air, but it will not forecast the

behavior of cements in concretes as normally exposed.

3. The cement passing the high-pressure steam test is not

superior in cementing quality, as determined from the compres-

sive strength of concretes, to cement that fails to pass this test.

4. The cement passing the high-pressure steam test does not

make more permanent or durable concrete than cement which

meets the requirements of the standard specification but fails to

pass this test.

5. Cement failing to pass the standard specification atmos-

pheric steam test but meeting the other requirements of the

standard specification shows in some instances a normal strength

in concrete.

6. For practical work under normal conditions of construction,

the results of this investigation fail to show that the high-pressure

steam test is of value as a means of determining the ultimate

soundness of concrete.

Washington, March 16, 191 5.


