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Ix this edition a general re
been made with the purpose c
of the most recent investigation
position and properties of cem
the latest standard methods of ¢

The articles relating to the con
been practically rewritten, while
of cement have been thoroughly 1
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HYDRAULI

CHAP
HYDRAUI

Art. 1. 1

LivE is the name comm
obtained by the calcinatio
sStones employed differ grea
properties of the limes obt
the nature and proportions
in them.

When the limestone is cc
bonate of lime, the clinker
kmnown as guicklime, possesses
or slaking, upon being treaf
of water. The slaking of li
tion when in contact with wa
panied by a considerable ir
mass of lime and by a rise i
tity, of water be only sufficic
the lime, the quicklime is rec
if the water be in excess it b

The slaked lime thus f



2 HYDRAULIC

property, when mixed to a pa
to stand in the air, of hard
to any surface with which it
hardening of common limes
exposed to the air and allowe

When lime is nearly pur
great it is known as jat lim

If the lime have mixed ¢
considerable percentages of i1
acter, which act as an adulte
of the lime, causing a partial lc
and also diminishing its powe
as meagre lime.

When the impurities in the
of silica and alumina, they n
stroying its property of slaking
hardening under water and c
to the presence of air.

When the proportions of
are such that the material

L T, D - R 1
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affected both by the compos
and by the manipulation give
of manufacture. Because of

acter of the material, it is extr
any general laws governing its

system of testing which shall g
tion of value.

Hydraulic limes are used quit
are not made to any extent in
can cement industry is, howe
Natural cements are manufact
and the production of Portlanc
to large proportions, althoug
foreign cement is still importe

ArT. 2. CHEMICA

The most important ingre
stones, in addition to the carl
alumina, silica, oxide of ir
commonly contain also sma.
acid, phosphoric acid, oxid
soda, bituminous or carbonac
stances, and water. The lim
contain small particles of cinc
employed.

The volatile substances ar
lime because they disappear |
centage of carbonic acid and
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driven off in the burning or is :
the air will appear in the lime. I
acid be large, it indicates eithe
been incomplete or that the lime
by subsequent exposure. The
thus diminished, the portion of |
the carbonic acid being renderec
Silica is undoubtedly the mo
rendering lime hydraulic and is
in the form of silicious sand nc
unaffected by the burning and
in the product. It is only that |
is present in a condition to be
and combine with the lime whicl
hydraulic properties to the lime.
Alumina is an important cles
although not, as seems to be the
tial to its hydraulicity. Vicat fc
~out silica would not render

v ., -
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ditions under which it is present
in most cases is in considera
hydraulic limes by burning carl
fat lime, thus showing that th
impart hydraulic propertics to
been shown by Mr. H. St. Clai
of magnesium by itself is sometir
and scts under water.  Other ex

indicate that magnesia might a
place that element in forming as
silica and lime. These results
to the hydraulic properties of t
independent of any action of
lime.

_The silicates and aluminates
the property of hardening unde
salts of lime, and in some ceme
which woukl otherwise be requi
by magnesia. The action in
definitely known. and there is
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by different investigators witt
true in a less degree with the 1
times be rendered inert by too

Sulphuric Acid occurs in s
of lime, and sulphur also s
phide, usually of iron. Du
phide may become transfo
either or both forms may 1
Experience secems to indicat
general, a deleterious subst
durability of mortar made frc
The sulphide, however, is su
draulic properties of the mat
doubtful. In Europe it is co
age of sulphur or sulphuric ac
the lime.

Phosphoric Acid occurs 1
material of this character, ¢
action other than that of com!
of Tme which ic thiie rondore
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ArT. 3. HyprAU

The hydraulic activity of a
its ability to harden under w
upon the relative proportions
dients and of lime. Silica and
to be the effective hydraulic in,
mon to designate the ratio of
of silica and alumina to that
its hydraulic index.

The hydraulic index gives, -
limits, a measure of the hyd
classes of limes. It is to be
that there are other factors to
ing of the action of a lime tha:
The other ingredients may by
draw portions of the active el
the effective ratio between them
lime depends largely upon th
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limes according to the proj
tained by them.

When the hydraulic in
20/100 the lime is known
require from 12 to 20 days
draulic lime proper includc
about 20/100 to 40/100.
or 10 days, the more rapid
as eminently hydraulic.

When the hydraulic inc
and 6o/100 the lime is of
lime. These limes have -
draulic lime, but form the
proper and the cements, I
and as a general thing not
of the hydraulic ingredie
cement. When burned a
give hydraulic lime of ra
properly treated and bur
makes good Portland cen



termine at exactly what point limc
but when it requires a month or
wadter it is usually considered as be

In determining the rate of ha
arc so many external circumstar
the result that there is always ¢l
causcs classification by that me
uncertain, Variation in temper.
important cffect upon the rate of b

Arr. 5. CoMMON

Common lime is such as docs
properties. It is divided into fat «
lime, according 1o the quantity of
character it may contain. When
Ieft in air it slowly hardens. ‘T
ing consists in the gradual formn
lime through the absorption of «
air, accompanied by the crystall;
hydrated lime as it gradually
lime the final hardening takes pla
inward from the surface, as it is
tact of the mortar with the air. \
pure the resulting carbonate is
soluble, and consequently to be
Nearly all limes, however, contai
silica and alumina, and these ing
quantitics too small to render the
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a certain power to set, caus
place with greater rapidity anc
ence upon contact with air.
less soluble and more durable
Limes containing but a s
consist mainly of calcium ox
and becomes hydrated very
contact with water. This b
duces a rise in temperature :
which vary in amount accor
lime, the volume being doublec
The common method of s
the quicklime with water, us
volume of the lime. This
ing. The lime is usually s
haps 6 or 8 inches thick, i
poured over it and allowed
must be allowed for all of
When the lime contains mucl
tion frequently requires severs
Too oreat a auantiry of w
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By the first method, the lime
baskets for a brief period to |
the necessary water, after which
until the slaking takes place an

By the second methiod, spr
immersion proper, the lime Iy
sprinkled with the necessary
covered with sand and allowe

The difliculty in using thes
the right quantity of water to
plete.  Lime so slaked may
in form of powder.

S pontancous Slaking is als
it consists in exposing the lim
is ceffected by absorption of mg

[ime slaked by immersion
slaked by drowning and req
into a paste.  Slaked lime, ci
may be kept indefinitely if pr

Lime is commonly sold as
in lumps and not air-slaked.
been exposed to the air, it is
both moisture and carbonic
active, the portion combined
being inert. A simple test of
is to immerse a lump for a mi
and obscrve whether it swells
with a rise of temperature.

Slaking some days in adva;
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order to insure the complete r
it is quite common to slake lir
is to be used.

The swelling of lime has be
by slaking with steam instea
has been found by Candlot
the addition to the water of
6%) of chloride of calcium
nesium.

Common lime is ordinarily
a mortar, mixed with sand.
the mortar should be just suf
the sand, without leaving anj
lime. Mortar of rich lime sh
masses composed entirely of
likely to remain soft, so that :
an element of weakness. If
the mortar may be porous
tions ordinarily required are |
parts sand, and 1 part lime to

MNMortar of common Lime <h
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often greater than that of cohesic
of mortar.

Meagre limes are similar in a
less energetic. They swell feeh
slight change in temperature. 1
that of fat lime, but cracks less and
limes proper, those containing s
to materially reduce the energy,
ployed in construction.

ArT 6. HypRrAUI

Hydraulic lime is obtained by
taining silica and alumina in sufl;
the ability to harden under wat
ments are present in such quan
with a portion of the lime, forn
nates of lime, leaving the remai
uncombined state.



14 HYDRAULIC C
the case of the limiting limes.
ally those which can be burned
complete the chemical combinat
It is necessary that sufficien
cause the lime to slake proper]
that the quantity of uncombine
sible, as the setting properties 2
aluminates, while the hydrated
the initial hardening of the mor
According to Professor Le
hydraulic lime should contain
aluminates are hydrated durin
and become inert, while the si
heat of the slaking preventing |
The following is given as a
best French hydraulic lime:

Alumina. .. .......
Oxide of iron. .....

T *
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Hydraulic lime is used in the
lime, being mixed with sand to
air hydraulic lime acts like comme
and slowly absorbs carbonic ac
cracks when without sand, hut m
In water, or in damp situations,
are altogether different. The hy
dens more or less rapidly.  In
amount of the lime is at first diss
arrested as the hardening progress

Hydraulic lime is commonly sla
and shipped in form of powder.
out injury, in this form by coveri
the air.

ART. 7. MANUFACTURE OF

The manufacture of hydraul
carricd on In Eurone consists,
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settles, new layers of material :
while the burned lime is drawn
furnace being kept in continuous o
of burning is controlled by dam
cover at the top.

In furnaces of the second clas
of combustion are passed throu
not in direct contact with the fuel.

The regulation of a furnace to s
of burning is a matter requiring ¢
demanding the close attention
lime must be completely burnec
The character of the limestone
of burning necessary. A lime ¢
may be burned at a much higher
high index. When the limeston
acter it will not burn evenly, but
will be vitrified before that of
burned. The burning is acceler
moist, and stone fresh from the
that which has been exposed unt
has been evaporated.

The chemical phenomena of t
approximately as follows: Th
first driven off. The carbonate
posed. Then the clay is dehyd
and the combination of the silic:
lime takes place. The tempera
these changes depend upon the



HYDRAULIC LIM

composition of the carbonate of ]
at a temperature of 700° C. to goo
ture required for burning depends
silica and alumina present.  Whe
is low the temperature must be suffi
combinations of the lime with tl
in order to impart hydraulic prop
while if the hydraulic index be hi
little greater than that nccessary
may be sufficient, and a higher
would effect complete combination:
silica and alumina, may so greatl
of free lime as to destroy the proper

The slaking of hydraulic lime
plished by sprinkling, as mentio
lime after coming from the furna
4 1o & inches deep in the slaking-
sprinkled so that all of the quickli
from 79, 1o 109, of water is comm
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of silicate which is hydrated be
be imperfectly slaked, the free
may cause injury to the morta:
so affected will set more quickl;
but afterward is likely to swell
Steam is sometimes used for
and is said by Le Chatelier t
the lime while producing no eff
It is claimed that the alumir
the slaking of the lime, being
steam, and hence are undesiral
After the lime has been red
ing it is forced through sieves
of all pulverized particles, but
size, including the underburr
burned parts which refuse to s
from the first bolting is known

ArT. 8. GR
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in silica and alumina, obtained fr
disseminated through the limesto
combination of the cinders of coml
This is what is properly meant by

Bonnami found in his investiga
part of the grappiers are from the
stone which are in contact with tl
the burning, and due to the silica a:
ders. These cinders are usually qu

The grappiers are ground and si
to the lime or used separately as ce

The addition of ground grappit
has the effect of raising the hydra
and increasing its activity, and of
trolling to a certain extent the pi
In this case the mixture between tl
piers must be very intimate in ord
geneous material. It is also very
lime in the grappiers be entirely s
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It is employed with cement in n
etc.
ANALYSES OF LIME AND GR!

Slaked Me

Lime. ab!

Per Cent. | Pe

Silica. .. cvviiiiennn.. 23.05 :
Alumina and iron oxide. 2.75

Lime......coooovnn... 65.75 €
Magnesia............. 1.50
Water, etc. . .......... 6.95

Art. 9. PuU

The term puzzolana is comm
materials which, when made int
or feebly hydraulic lime, impai
properties and cause the mortar

Puzzolana (or pozzuolana) 1
volcanic origin, deriving its nar
of Ttalv near the foot of Mo



WILh Clay 1n considcrablC proporuor
the total volume. It may be mq
water, which will harden on dryi
times used for common mortar witl

Psammites is a sandstone consisti
schist, fcldspar, and mica, aggluti
cement. It is slaty in character ar
a paste with water.

Puzzolana may be made artifici
and natural ones may frequently
ing, which has the effect of dchy
alumina of which they are mainly
it in condition to combine readily

Berthier gives the following ans
ples of puzzolanas:

Trass.
Silica. cooaaaae 0.57
Alumina. .. ..... o.12(
Lime. .ol 0.02
Magnesia. ...... 0.0T¢
Iron oxide. .. ... 0.05
Potash. ... ..... o.07
Soda. coooiioan 0.0l

Walter, cte. .. ... 044
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CLASSIFICATION ANT

Art. 10. Curs

HyYpRrAULIC cements
the method of manuf
ings: Portland cement
mixed cements, and gra

The term Portland (
nate hydraulic cement
of vitrifaction a mixtur
proportions and reduc:
by grinding. The cen
draulic index than t}



tain a minimum of 1.7 parts of lin
substances. The addition of 29
matter may be tolerated in the m
cement, with the view of augmer
qualities, without the necessity of

Natural Cements are those wh
ing limestones less rich in lim
hydraulic limes or Portland ceme
like the hydraulic limes withou
raw material, and require a m
in burning than does Portland cen

This class includes a number
widely in composition and value
commonly divided into quick-se
frequently called Roman Cement
cements, known sometimes as na
In the United States there is m
the materials coming within this
confusion in their nomenclature.
monly designated by a name derix
which they are obtained, and this
and satisfactory method. Thus,
those from the region of the
cements are from Southeastern I
cements from the Ohio valley, Pc
cements from the corresponding
Akron, and Milwaukee are nam
tion of manufactories of particula

* Mémoires de la Société des Ingénieu
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The term American Cem
applied to include all natural ce
States. This, however, often |
of the fact that other than
made quite extensively in th
American Portland Cement is ¢

The term Rosendale Cement
a general meaning and used as
and American to include all
however, more properly restric
district in which it was first a
be no good reason for extendi
totally different material.

Slag Cement, or, as a mor
Cement, is the product obtair
ture of slaked lime with fin
material, commonly blast-furna
the hydraulic ingredients are r
but are present in the cement

P,
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CLASSIFICATION AND CONSTITU

ART. 11. MANUFACTURE

The manufacture of hydraulic
practised consists of four operatic
tion of the raw material, the burnir
grinding.

The methods of preparing th
according to the nature of the ma
to be used in burning. For naturz
only necessary to select the prope
and break it into fragments of sui

_tion into the furnace. The prods
requires the use of homogeneous n
be used to prevent the introduc
into a single burning.

The methods of preparing the
manufacture of Portland cement c
acter of the materials and the me

L | ™~ 1T 1 £~
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manufacture of slag cement (so ¢
materials are not burned together.
These materials are first to be
divided state and incorporated into
This is accomplished either by the
the details of the method varying i
In general where the dry method i
essary to pass the material through
to the grinders, although there are
which this is not done. These dryers
about 5 feet in diameter and 4o fec
nearly horizontal, the material pr
small fragments being fed into the up)
out at the lower end. The materia
proper proportions and ground to
powder, when it is ready to go to
kiln is to be used or to be made into
kiln is to be employed. In some
method is modified by grinding the

and afferward nittine them thranol



CLASSIFICATION AND CONSTITUT

great care must be exercised in sec
portioning of the ingredients and t
poration into the mixture. Careful
quently be made and proportions
proper composition to the cement
grinding is usually necessary in ord
may be very intimate.

Natural cement is commonly bu
vertical kilns in which the fuel and
together or in alternate layers at the
is drawn out at the bottom as the bt

For Portland cement rotary kilns
used in the United States. These
come into use during the past few
decreased labor cost of handling the
not so economical of fuel as some of
of kiln. These kilns are usually «
and set with axis at an angle of abo
zontal. They vary from about 6o t

D R & T R . SR TS T



28 HYDRAULIC ()

of lime-kiln, and is used by cha
charge of the cement material in
fucl in layers. It is then fired, an
plete, allowed to cool, after which
The continuous kilns in use a1
the ring or Hoffman kiln and the
The Hoffman continuous kiln
arranged in a circle around a cer
being fired at a time and the
passing through the chambers co
terial, the firing progressing fron
continuously around the kiln.
The Aalborg kiln is a shaft kil
chamber s placed at the top, i
is fod in the form of hricks and f
ucts of combustion pass; helow,
furnace in which the hurning i
the fucl is fod, and at the hotto
from which the clinker is withdra
The Dictzech kiln is similar {o
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incomplete; a part of the lime 1
lime uncombined with the clay.
light weight. In the burning, as
materials and the decomposition
lime is first effected, the limeston
out loss of volume, and thus suff
density. As the subsequent combi
the clay occurs, a contraction in v
the density becomes greater.

In stationary kilns the clinker is
chambers of the kiln and must
From rotary kilns the clinker dro
ture and must be cooled before p
For this purpose two principal n
In the vertical tower cooler the clin
with water is elevated to the top of
to slide down through the tower
upon which it is exposed to a ¢
rotary cooler the hot clinker pa

PR S-S D T A . T
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controlling the rate of setting and
of the presence of small proportions

After grinding, the cement is expc
purpose of allowing any free lime
to become air-slaked, after which it
bins or is put in barrels or sacks fo:
instances keeping it for a time in
upon for aeration, while in others
altogether.

The manufacture of Portland c
care in the proportioning of the m
its subsequent manipulation. Eac
studied in order to determine.the
give the mixture and the proper «
secure“the best results, and these opy
closely controlled by frequent labo
grade cement is to be made.

ART. 12. PORTIAND



CLASSIFICATION AND CONSTITU

“This term is applied to the fine
resulting from the calcination to i
intimate mixture of properly proj
and calcareous materials, and tc
greater than 39, has been made s
tion.”

The Association of German Por
facturers in 1go3 adopted the follc

“Portland cement is a hydrauli
with a specific gravity of not less th:
condition, and containing not les
weight of lime to each one part of
oxide, the material being prepared
ing the raw ingredients, calcining t
clinkering temperature and then
fineness.”

These definitions imply that Pc
artificial mixture of materials to se
tion. All Portland cements made

mrwmma ~Af 1L Al Aavamtary et o Tvm o
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the formation of active material.

of clay beyond this point, it form
surplus of lime remains in the ce
constitutes one of the chief danger:
as, although it may not prevent th
cement when used, it may cause t}
swell and become cracked and disto

As perfect homogeneity is not .
it is always necessary that the
excess in order that free lime
amount of excess of clay necesse
upon the thoroughness of the pr
facture and the evenness which n
mixture of raw materials.

The hydraulic index of Portlan
about 32/100 to 60/100. The 1
affected by the relative proportio;
and iron oxide contained by the ¢
lent weights of these oxides diffe
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while Table II, collected from v
analyses of a few of the leading
Portland cements.

COMPOSITION OF PORTLAN

TaBLE I.

g
o
. —
R
d | L4 <
£ 1Bz B
7] < o -
22.20 | 6.72| 2.28] 67.31
23.50 | 7.75 2.95| 64.07
21.70 | 7.48] 2.57| 65.54
23.40 | 7.36] 2.84] 63.70
24.50 7.09! 2.81 gz,g
J| 25.40| 6.65 =2.75 1.
French cements 1. 80 6'Sél 2.63 57.42
24.25 5.20, 2.30 63.61
22.30 | 8.04; 3.71! 58.68
23.25 | 7.44 2.10{ 62.55
23.00 | 8.33. 3.87, 6o.90
24. 7.98, =2.51| 59.10
23.15 | 7.83] 3.37; 61.40
23.30 7.65{ 3.10{ 62.20
23.15 | 7.88! 3.370 61.30
23.70 | 7.80| 3.40 59.36
22.25 | 8.22] 3.38 .48
PR I B -
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34 HYDRAULIC CEM

A large number of analyses c
cements are given by Professor T
for the most part about the same
those already given.

TasLe II.
COMPOSITION OF AMERICAN PO

g%,
@ < |6 =
Sandusky.....| 22.33| 5.53 | 3.28] 64. 4
“ . 22.06| 4.80| 1.66|65. 4
Atlas. ... .... 21.307.65]|2.85]| 60.9;
B 21.96| 8.29| 2.67] 60.5:
Buckeye...... 21.30(6.95]| 2.00] 62. 3¢
. 20.75| 13.|50 62.2;
Giant. ....... 23.36|8.07|4.83]| 53.9:
... 19.92{9.83|2.63| 60.3
Lehigh....... 22.96|6.78 | 2.54| 63.9:
.. 22.13 9./56 62.6;
Empire....... 22.04|6.45/ 3.41] 60.9:
... 20.80|7.39|2.61| 64.0¢
Alpha........ 20.38|.....]..... 63. 3¢
€ mm 2o el o A Y,



CLASSIFICATION AND CONSTIT!

principal ingredients. Heconclud
silicate, SiO5Cas, is the only silic
drualic'and that it is the essentia
ment. In Portland cement he find
component, occurring in cubical
by combination of silica and lime
compounds formed by the alumin:

“The dicalcic silicate, Si04Cas,
property of spontaneously pulverizi
cooling. This silicate does not p
erties and will not harden under
attacked by carbonic acid, formi
and thus contributes something 1
of mortar employed in air. T!
nesia to form the double silicate «
SiO4MgCa, prevents the pulveriz
of no value for cement.

“At a very high heat the tric:
posed into the dicalcic silicate and

Mo Inert ?



36 HYDRAULIC CEMEN

function is to assist the combination
lime.

“This silico-aluminate, which is c
land cement on account of slow cooli
condition when the cooling is suffic
the case of blast-furnace slag pre
water. It combines with hydrate of 1
gives rise to the hydrated silicates and
identical with those formed during t
land cement. It is these propertie
based the manufacture of slag cement.

Prof. Le Chatelier gives two limits
quantity of lime in Portland cement
found. These are, that the proport
always be greater than that represen

Ca0+MgO

@ 10, —AL O3 —Fe305

P IS R TS R Uk T I



aluminate being rormed. 1 Iess lim
the bicalcic silicate would be formc

Formula (2) represents the point
of lime would be.sufficient to forr
and aluminate to the exclusion of
If more lime than this be present,
form of free lime.

It is also stated by Prof. Le Ck
land cement of good quality form
3.5 10 4, and formula (2) gives 2.5

Dr. Erdmenger considers * that
borne out by experience, as they ir
that magnesia may be considered
pointed out that the formation of
depends upon the temperature of 1
ing to Prol. Le¢ Chatelier, the tric
decomposed and become  inert at
ture.

Dr. Erdmenger also states that
cooling may in some instances be
suddenly, as by plunging into cold
so treated the material does not bece

The examination of a considerabl
of good Portland cement shows the
these formulas are commonly met
the maximum in formula (2) is
closely (from  about 2.5 to 2.8)
formula (1) is, however, not usually

* Journal Society of Chemical In
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cements, which give results var
4.5.

Newberry's Investigations.—)
Newberry have made a careful
stitution of Portland cement f
forming, in the laboratory, co
alumina with lime and studyi
the effect of varying proportions.

Silicates of lime were formed «
and quartz ground to impalpabl
an intense white heat. The dic
as in Le Chatelier's experimer
cooling, but when suddenly co
water this was prevented and tl
being ground gave a white pow
with water, set slowly and bec
day, and was quite sound. Tl
gave a white clinker, sintere
The powder obtained by grindi
slowlvy In water. becomino fai



with water and set in a few seco
after six weeks.

The aluminate, AlxOg3,23CaO
heated strongly with water and ¢
distorted and cracked after three
cracked at six weeks.

The tricalcic aluminate, Al,Osg.
in water and sct quickly, but becan
in a short time, and disintegrate
in water.

The conclusions reached by
follows:

(1) Lime may be combined w
of three molecules to one and still
tically constant volume and gooc
though hardening very slowly.
lime to onc of silica the product i
in water. .

(2) Lime may be combined wi
portion of two molecules to one, |
sets quickly but shows good hard
2} molecules of lime to one of ¢
unsound. ’

“ Assuming that the tricalcic s
aluminate arc the most basic «
exist in good cement we arrive at

X (3Ca0,Si03) + ¥ (2

in which X and Y are variabl
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upon relative proportions of silica an
employed.

“3Ca0,Si0; corresponds to 2.8
to 1 of silica, while 2Ca0,Al,Oy co
of lime to onc of alumina.

. 9, lime=9, silicaX2.8+ 9,

This formula represents the max
lime allowable.

Le Chatelier’s maximum formula
form, leaving out of account I'eaO)g

% lime =7, silica X2.8 + 9,

being based upon the tricalcic in
aluminate.

Newberry differs from Le Chatel;
the percentages of FeoO3 and MgO
considered in determining the promp:
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what affected by the additional
fuel with which it is burned.
lower the per cent of lime in tt
According to M. Bonnami a
formed, as with hydraulic lime,
duced less basic than the rest o:
character of puzzolana. This
through the cement ig grindin
raise the hydraulic index. It is
act like a puzzolana in combini:
hardening of the cement.
Richardson’s Investigations.—
lier and the Newberrys have be
tending knowledge of the compo
land cement. Mr. Clifford R
further investigation into the
which is of much importance
understanding of the subject.
Mr. Richardson made micr
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trial clinker. They are in fact ¢
aluminates in silicates of indefinite
Tornebohm had made a micro
land-cement clinker and found four
stituents, named and described as
“Alit is the preponderating eler
colorless crystals of rather strong
of weak double refraction. .
“ Belit is recognized by its dirty
muddy color and by its brilliant i
is biaxial and of high index of
small round grains of no recogn
acter.
“Celit is recognized by its deep c
It fills the interstices between tl
being the magma or liquid of lov
of which the alit is separated.
refractive, that is to say, gives
examined between crossed nicol pri
“Felit is colorless. Its index «
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two principal constituents of Portlar
and celit, as described above. Alit he
solid solution of tricalcic aluminate 1
and celit a solution of dicalcic alumir
cate. These solutions may be of -
concentration according to the relat
silicates and aluminates present up to
tion. These were studied synthetic:
being independently produced, and th
tion as in Portland cement by coml
silicate, SiO23CaQ, with varying proj
aluminate, AlyO3.2Ca0. The limits
found by Mr. Richardson for ceme
calcic silicate with no aluminate pres
ratio of 7 tricalcic silicate to 3
7(51023Ca0)3(A12032CaO).

Mr. Richardson’s explanation of
these solutions is as follows:

“Having determined that alit and c

42 At aliirmatrmatac T ol ~Aatae Fha alird
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periments of Robert- Austen ha
mobility in solids exists, since
surfaces of gold and lead arc 1
left under pressure for somc !
temperatures, gold is diffused
lead into the gold for an ap;
tures of the components whicl
ble wood metal when subjected
temperature become converted
drous sulphate of soda and ¢
diffuse when brought into closc
tion of barium sulphate and ¢
not difficult to understand, ther
ture of 1650° C. the particles
lime may diffuse below the mel
clinker to form a Portland cemc
a clinker is stable depends no
but upon the fact that the diff
even in material which is only s
fore, may be defined as difTusic



-
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perature is a function of the tem
longer the lower the temperature.’
The work of these investigato
our knowledge of the constitutio
various cement materials and ma
proper composition for Portland
limits.
Further investigation is, howe
definite knowledge of the actions
- cement and of the réle of the ing
three principal ones. The part p
in doubt, while iron oxide is supr
similar to alumina in forming ¢
“Iron oxide combines with lime
like alumina in promoting the cc
lime. For practical purposes, h
iron oxide in a clay need not be
the proportion of lime required.
This is based upon the suppos

3¢ mertermifBAcandt 1™ At b



46 HYDRAULIC CE

would be needed for Portland c
vary greatly in composition an
of such composition as to ma
increasing the content of lime,
amounts of alumina or of magr
missible in materials for Portlan

The quick-setting natural ce:
enis as they are called in Europe,
at a low temperature, argillacec
high index. These cements are
a very rapid set and slowness in
quently. The feeble burning gi
and the formation of the silicates
as in the heavily burned Portlan
able percentage of aluminate of
is the cause of the quick set. €
is also commonly present in sucl
inert matter. Material of this
when the temperature of burni

JURRL I R IS A AP SR
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mixtures used in making Portland
tion of lime cannot be so great as ir

TapLe IIIL
COMPOSITION OF EUROPEAN

o
g o
F i3
=} . .
s | 8| & g 8
@ @ < R A
X .v.. | 22,60 8.90| 5.30 | 52.600
2 | 6.00 |24.80]| 7.00]| 4.80 | 44.12
3 .o | 2070 8.29 | 3.71 | 52.68
4 23.50 | 7.99 | 4.31 |57.40
5 oo | 21,80 | 10.03 | 3.77 | 55.00
6 | 2.00 | 26.80| 10.39 | 4.61 | 46.10
7 |10.70]| 30.80| 7.82| 5.13 | 33.04
8 | 2.40 |25.45| 9.25| 3.85 | 47.95
9 . | 29.55| 8.35| 4.10 | 47.50
10 . |2r.00| 8.40| 5.10 | 52.05
11 ceee | 23,40 12,90 | 3.30 | 47.70
12 085 | 20.05| 7.05| 3.75 | 40.05
13 ceee | 25851 .10 4.10 | 51.00
14 | 4.35 [ 27.35| 7.73| 3.85 | 50.25
15 cve. | 25.85 | 10,00 | 4.85 | 54.20
10 20.10 | 12.50 | 4.65 | 48.60
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of this character, therefore, requi
to produce good results. As il
comes greater the homogencity t
as free lime becomes less likely to
ous, and irregularitics only have
the quantity of inert matter, whi
from the cement to gain streng
than with Portland cement of I
observed that the material spoken
delays the gain in strength in the
ing, may not be altogcther iner
to the final strength of the ccment,
character and perhaps ultimate
hydrated lime in the mortar.
These cements occupy an int.
tween the artificial Portland cen
cements, and may approach cithc
fact, the same raw material ma
either—if burned lightly, giving th
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properties is well known, their acti
Fremy being probably much slower
ing lime-salts.

The action of cements of this clas
lar to that of Roman cements: the
slowly, but may be cither quick- «
composition of the magnesian ceme
of the Roman cements to one in wh
magnesia is as large as that of: lime
of magnesia to lime increases,
considering magnesia as lime, frequ
becomes less than would be ad
cement.

Magnesian cements are but little
in the United States they form th
natural cements in use, and many of t
by cxperience to be very useful ar
Table TV gives analyses of Ameri
from various districts, showing some

PR S DT TR B
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TaBre I
COMPOSITION OF AMERICAN
District. SiOs. | AlQs. | Fes0s.
Utica. . ..vn... 27.60| 10.60| 0.80
A 34.66| 5.10! 1.00
Louisville...... 26.40| 6.28]| 1.00
L. 22.54| 8.28] 2.14
. 23.29| 5.96| 2.16
Potomaec. .. ... 28.02| 10.20| 8.80
.. 30.22| 8.38( 5.38
Hudson. . ..... 27.98| 7.28) 1.70
L. 28.91|10.96| 4.68
., 31.28 11.!30
.. 27.30| 7.14| 1.80
. 30.7 8.168
Akron......... 22.62| 7.44! 1.40
Y 26.69| 7.21| 1.30
I 20.75 10.[02
Milwaukee. . .. .| 23.16 6.33| 1.71
o «....|25.00| 4.00| 2.80
The rock from which these ce
greatly in character in the sam

different strata of the same qu:
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ally materially changed by age
are kept exposed to the air
of time, they gradually become
‘haps eventually lose the powe
sometimes hecoming  puzzolana,
active cement by reburning.

ARrT. 14. SrAG

Slag-cement is formed by the
with ground Dblast-furnace slag.
mately the composition of a hyd
a proper proportion of lime to rer
These cements are sometimes ¢
the slag used being of the same
commonly employed in making i

The method employed in form!
the slag suddenly by plunging i
as it emerges from the furnace
granular, and causes it to retair
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this ratio. He also finds that the b
from slags giving a ratio
Al,Os
SiOq

=45/100 10 !

M. Prost * states that a consid
phur may be unobjectionable in s
tions a case where good results I
sulphurous slag, the only cffect bei
uted to sulphide of iron. He als
is most advantageous for this
rich in lime and alumina.

Slags in actual use for the man

vary considerably in composit;

ranges from about 1.30 to 1.80,

from 0.40 to 0.go. In most instan
together, that is, the high-lime ra
material as the high-alumina rati
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stitute quicklime for slaked 1
for slaking, but unsuccessfully
some extent with the lime and th
while particles of quicklime t
cause swelling of the mortar aft

In some of the European ;
ground and bolted through f
mixed with the lime, but more
slake and bolt the lime and the
slag before grinding, or to do tl
in two stages and make the n
and sccond grinders.

The lime may advantageousl
after slaking before being used,
plete reduction of the cquicklim
deteriorate when kept long aft
commonly employed for this j
to be an advantage in using m
the mortar being less likely to cr
M. Prost found that there was ne



i
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The composition of slag cem
that of Portland in having a les
silica and alumina, and more a
the silica.

Table V gives the composition
of the leading European slag cem
and Tetmajer.

TABLE V
COMPOSITION OF SL.

Silica. |Alumina.| GiOL | Lime.

1 | 23.80| 19.13 | 2.67 | 36.60
2 | 24.60 | 13.46 | 0.84 | 50.22
3 | 23.90 | 13.46 | 2.83 | 50.40
4 | 24.30 | 13.85 | 1.15| 49.50
5 | 27.45 | 14.65 | 1.75 | 46.20
6 | 25.20 | 15.23 | 0.77 | 50.00
7 | 20.40 | 18.59 | 0.41 | 50.07
8 18.30 | 18.07 | 0.34 | 53.16
9 | 22.35| 12.83 | 0.64 | 55.61
10 | 27.35 | 9.13 | 1.50| 50.28
11 | 20.35 | 14.05 | 0.33 | 50.26
12 18.69 | 9.20 | 2.14 | 46.36
13 19.87 | 14.84 | 0.80 | 48.54



CLASSIFICATION AND CONSTITLU

Mr. Redgrave also says that it
time without injury, and if kep
that it undergoes no change what
nami states that cxposed to air
loses its hydraulic propertics, p
bonization.

Art. 15. Mixep C

The term Mixed Cement is s
clude a considerable number o
formed by a mixture of various
works where other cement is m
may be made cither for the purp
product or of imparting to it ce
They consist of admixtures of diffc
of the overburned or underburnce
or of forcign material added to t

Slag cements and certain naf
11 1:n enmme of 1he Rocondalee are 1



56 HYDRAULIC (

being mixed with natural cew
Portland cement being addcc
strength and reduce the rapid

Cement of this kind is usu:
nation of Portland or natural
ing to its real character. Som
and regularly made give good

ARrT. 16. GRAPPI

Grappiers cements are mad
the grappiers left from the slaki
lime. Very great care is necc
the free lime from the grapp
the operation of slaking and hol
times. The grappiers include
and overburned material forr
fuel, as well as a certain amouw

P ¢ o 3 9 - 9 o 9 -
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being present to slake the partic
which it is air-slaked before pack

Art. 17. Sanp C

Sand ccment is the name give
by grinding together Portland ce
extremely fine powder and a v
It is claimed that a very conside
may thus be mixed with the cem
reducing its strength, and that the
may still be mixed with the usual |
sand and give good results in use.

It is said that the additional grir
in pulverizing the sand reduces the
powder, thus increasing its pow
Experiments also seem to-indicate tl
scparately, a certain amount may
without scrious injury to mortar r



CHAPTER

THE SETTING AND HARDE

ARrT. 18. THE SETTING

WHEN cement powder is mixec
condition and allowed to stand, it
a solid mass, taking the water
soon becomes firm and hard. T
tion amongst the particles of tk
the sefting of the cement.

Cements of different characte:
their rate and manner of setti:
a few minutes in the operatlon

covroral T Avean [e P
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rupture before any perceptil
place.

It is sometimes stated that
volved in setting is an instant:
the time we call the beginning
hardening then begins and is
the maximum strength is reach
with some cements a quite n
shows itself at about this tim
water from the surface of th
stiffening of the mass.

ART. 19. THE HARDENING

After the completion of the
mortar continues to increase
a considerable period of time
velopment of strength is eal

~ormont
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strength rapidly and attain
few days, while others harc
continue to gain in strength
of early hardening gives bu
mate action of the cement,
mortar may be the same I
is attained.

Portland cement usually
‘gains its maximum strengt]
cement, and also, as a rule,
greater final strength wher
Of two cements of the sa:
safe to infer that that whicl
will prove the stronger an
in fact, where an abnormal
a few days the presumption
the cement giving such resul
ing at a more moderate rate

The rate at which ceme
use depends, of course, up
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ArT. 20. CHEMIC.

Very little is definitely known
ical reactions which take place i
and hardening of cement mortar
been proposed to account for the
observers, based mainly upon th
of various compounds of lime, sil
synthetically. Chemical analysi
of the various elementary substar
is composed, but not their state
action of a cement may be grea
the condition in which the in
changing the manipulation in ma
ing their relative quantities.

Fremy considered Portland c
plex in composition, and ascribed
of lime upon certain puzzolani
of double silicates of lime and al



TERTROPR

Fieatif b ccte

e e S e ey 0 SR

R S s

s

62 HYDRAUI

while soluble in an anhyd:
when hydrated. When the
in mixing mortar the anhy:
then, becoming hydrated, t
the saturated solution in a
which are thus capable of
drous state and then becom
in two ways—by decompos

The tricalcic silicate, w
of Portland cement, is dec
to a hydrated monocalcic

Si05Cag+Aq=SiOs

The monocalcic silicate
needle-like crystals and th
visible to the eye. The t
by simple combination wi

A1206C8.3 +Aq =
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The first setting of Portlar
the hydrating of the alumin
while the subsequent harden
progress of the hydration of
rapidity of sct is therefore
tive proportions of alumin:
the burning is done at a I
the aluminates, which are first
sct, while as the degree of
the aluminates give place to
setting to become slower an
strength greater. The alumi
but little to the final strength
not permanent compounds, bt
and various salts with which
contact in the work.

Cements of low hydraulic
and gain their full strength
index.  They are more nearly

avrvesesyr  iever 4oy 410 Al oesrvr olhey]
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they lose strength after hardenin
probably due to the decompositic
the parts of too low hydraulic ind
This loss of strength is usually temr
is of normal composition; but if i
of strength may continue, to the f
mortar.

The experiments of M. Cand
presence of carbonic acid is esser
of hydraulic cement mortar. H
mortar were placed in distilled wa
it became gradually decomposed
coherence; but the presence of
common in all natural waters, pre
caused proper hardening to take p

Mr. Clifford Richardson offers
tion of the phenomena of setting e
land cement, assuming the ceme
-solutions, as indicated by Rich:
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composed Portland cement together
istics of the silicates and aluminate
latter are acted upon much more r
and it is to the crystallization of th
nates that the first or initial se
Subsequent hardening is due to tl
lime from the silicates. If the I
rapidly than it is possible for it -
the water, expansion ensues an
volume constant.

“The set of Portland cement is
the decomposition of the alit alo;
thin section of a neat Portland-ce
that it contains large quantities o
a certain amount of unattacked
ends of a neat Portland-cement bri
by means of a rubber band and
time in water the pieces of the &
to have become cemented togethe
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the greater its strength is knowr
burned.”

As already pointed out, cem
alit) gain strength more rapidly
(much celit), but it has freque
cements slow to gain strength
or stronger than those which
This would seem to indicate
low in lime (celit) may play a
the ultimate hardening of cem
monly supposed.

-

ARrT. 21. INFLUENCE OF

The action of sulphate of lin
setting of Portland cement is
many it has been common to 1
of regulating the rate of set, by

to the cement.
Fa Vs i DR I I L
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exposure soon becomes quick-sett
exposure again becomes slow.
with the sulphate of lime has re
by exposure, it may again be ma
of a small quantity of lime. Fres
of lime added, and setting slowly
rapidly if the mortar be mixed wi
bonate of soda.

“ Cement having sulphate of
rapidly when mixed with sea-
water, and that which has been
its former activity sets more raj
than when mixed stiff.

“The addition of a small quan
to Portland cement augments th
mortar is kept in sea-water and th
exceeds 1 or 2 per cent, the mor
disintegrates. When the cement

was kept in sacks during severa
ctranoth diirino the earlv neriod
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and fails to prevent the imm
nafe.

Aluminous cements burne
contain considerable alumin
bear an addition of 5 to 1c
out loss of strength. The |
always be limited to what
aluminates.

ARrT. 22. INFLUENCE ¢

Candlot has also made a
upon the setting and harc
chloride of calcium, either
which the cement is mixed
is immersed. He found tl
with water containing a few
of calcium sets more slowl
water; while if the solution
100 to 400 grammes per li
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same solution it will not set or 1
treated in the same way hardens
a hardness comparable to that .
“Feeble solutions of chlorids
preciable effect upon cements
like certain grappiers cements
sively of silicate of lime.
“From this the conclusions a
“1. That in Portland cemen
feeble proportions; that it act:
upon the set, but very little uj
is caused by the silicate of lime
“3. That in the Vassy ceme
is the essential element, and d
and the hardening; the réle o
portant, especially during the ¢
“3. That in the phenomen
quantities of the elements pres
The solution of chloride in pre
of the aluminate of lime perl
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with a solution of 100 to 400 gra
very quickly. This set is acco:
in temperature. This only occ
With an old cement the setting
temperature is produced, and tk
integrates.

“Mortar of cement gauged v
tion of CaCl is disintegrated i
diately after setting, but 15 or 2
perhaps be submerged without I

“The action of a concentra
Portland cement is due to the f
is attacked very energetically
it is very slightly soluble in a
solved in large quantities in a c

“When a fresh cement is agit
solution of CaCl it dissolves no
the oxide of lime. The lighter
more it will dissolve. When a

anth the crancentrated enlittian
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characters, however, vary consi
to “take sand ” without loss of
weaker ones may not be able to t
weight of standard sand, whil
with considerably more than th
loss of strength at the end of
All have a certain limit within v
stronger by an admixture of go
be if mixed neat.

Cement mixed with sand alw:
than neat cement, and requires
attain its maximum strength. A
to cement is increased, both the
final strength are diminished.
however, the strength of mortar
period of time as the proportion
and as the time of observation
strength due to larger proportio:
Thus a good Portland cement

+ mart card A T Af ~rormment at +F
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in mortar than that containing
earth, or that composed of 1
sand also usually gives greater
is very fine. It is often diffic
the quality of sand without e:
some cases a small amount of
to injure the strength of the
mixture in the sand of grains
benefit through reducing the vo
A mortar composed of sand
sesses greater ability to adher
coarse sand is used than if the

ArT. 24. WATER US

The quantity of water used
one of the most important cong
tity, provided there be sufficie
the mass of cement, the quick
some Portland cements, chang



THE SETTING AND HAR

to reduce the mass to a plastic
not be so thoroughly compact
same strength as when made
applied to it. But if just st
thoroughly dampen the mor
plied to expel the air and «
strength will be greater than
This difference, like the fon
certain extent with time, but t
greater with the less quantity ¢
According to Prof. Le Ch;
crystalline mass varies with
mode of aggregation of the
strength of a single crystal
ence to neighboring crystals.
give greatest strength, and c
more as the solution is more s
The nature of the water
affect the rate of setting. W
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Mortar kept immersed i
more rapidly than that kep
ence is commeonly much mor
than with mortar contain
of sand. The strength ga
although gained much mor
final amount than that in fre
a very great difference bet
particular.

Cements with a low hydr
difference between sea an
taining small quantities of
early strength in sea than
sooner disintegrated by the

ARrT. 25. EFFEC]

Cement mortar kept un
more rapidly in the early
the air, but usually that k
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The nature of the water in whi
to harden is of more importance
of the water used in gauging.
be kept in air, the nature of th
becomes more important, althot
tions in ordinary natural water
produce any appreciable differen
mortar. Mortars gauged with s
air.

ArT. 26. EFFECT OF ”

The temperature of the water
important bearing upon the tin
the higher the temperature, wi
more rapid the set. Many ¢
several hours to set when mixec
perature of 40° Fahr. will sct i
temperature of the water be i
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evaporation of the water from th
may cause drying cracks in the
Quick-setting cements usually
perature during setting, due to th
which takes place. It has been
occupied by the setting would &
serving the period of advancec
noting the stiffening of the morta:
slow-setting cements, however,
change of temperature, if any ta
ciable; and the rise in temperat
place, may not always be the result
If the air at the time of mixin
cold to freeze the mortar before
while frozen; but most cements
out, and but few of them will be :
in so far as their ultimate strengt
experiments * have, however, seen
may set while frozen if it remain
sufficient length of time.
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The temperature of the air
mortar is immersed during the
a very appreciable cffect upon
of many cements. This clfect
different material; with some the
ated by keeping them hot as comy
the result in cold air or water; o
affected, while still others scem
hardening by the application of
to be found among cements of
scemingly independent of their
hydraulic index usually show tl
of hardening under the action o:

ArT. 27. Errecr or Ac

The cffcct upon a cement of
before using depends upon the
and the method of keeping.
cloced <o as 10 prevent the accee
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usually becomes slower-setting w
without injury as to its ability to
strength.

Light-burned cements, particu
are affected in much greater ¢
cements not only become slower
to the air, but commonly also 1
power of hardening and become
cases becoming puzzolanic materi
may be restored by the addition o

The changes which occur in c
are attributed to the action of ¢
free lime which they may contain,
the less stable compounds, as tl
which contribute to the rapid se
plentifully in the light-burned mat

ArT. 28. EFFECT OF
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in a useless condition much o
active portion of the cement.

The rate of setting is acce
which the cement is grounc
finely ground cement the am
greater than in one coarsely
reactions which take place ir
fine subdivision of the partic
gauged with sea-water the rate
by the fineness.

The hardening of cement
affected by fineness; that fine
more rapidly, but attains less
more coarsely ground. The
ground cements is more gra
ultimate strength greater.

Cement, when used, is cor
and the attainment of streng
than mortar of neat cement 1

r—— ~ <+ .1
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with the fineness, at least in
ening.

The difference between coz
greater in the early period
The fine cement hardens muc
coarse cement, especially in ri
nearly the same ultimate strer
extreme fineness may not theref
when the extra cost is considere



CHAPTER
THE SOUNDNESS C

ART. 20. PERMANENC

THE permanence of any stru
of cement is dependent upon tl
after the setting and hardening
to retain its strength and form 1
nite period. Experiment has sl
from cement of good quality fre
in strength and hardness thro
years, or at least that there is
of strength with time; and that
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in volume, together with an incre

transference the other way maj

result; but no distortion of for

the mortar will take place in el
é be of good quality.

*  Sometimes cement when mad
hardens properly, and later, whe
of the atmosphere or water,
cracked, or even entirely disinte
sition deviates but slightly from
of disintegration may not show .
time, and proceeds very slowly
element of considerible danger,
detection in testing the cement.

The unsoundness of cement 1
by defective composition, causi
to the action of expansions proce
or by exterior ag:ncies which :
the cement susceptible to their in
ta act bv the method of makinge
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THE SOUNDNESS O

which gain strength very rapidly
quite apt to act in this manner, anc
noted, the cement may not posse
resist, and the expansive action
disintegration.

The term Permanence of Vol
power of the material to resist
or dimension in the body of mc
synonymous with soundness, if by
its power to resist disintegratio
Most unsound cements fail by
under the action of expansives.
ever, the failure occurs by a gradu
of mortar, without appreciable ch
sion, the process being very slow, s
for several months after the mort

Art. 30. FRrREE

m™1 P R b T B 1
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burned at a low temperatur
that where the addition of
the carbonate produced no 1
nitrate caused swelling an
The presence of free lime
low index is therefore of spe
carefully guarded against b;
tion and complete reactions

The fineness of the cem
of the free lime, as finely
quicker than coarse grains
to become hydrated before
the cement be exposed to
in a fine state will sooner

If free lime be present in s
slaked before the initial set
injury. If it becomes slake
period of hardening, the st
reduced, being rendered les
In case this action be not su



THE SOUNDNESS OF CEM

These effects may afterward gradua
they probably have the effect of m
more easily attacked by external ag
of low hydraulic index, which gain s
the early period of hardening, are
to contain appreciable quantities of fi
frequently shown by a loss of streng
extended over a considerable period o

Mortar kept under water is acted
rapidly than that exposed to dry air.

Art. 31. MAGNESIA.

Free magnesia in cement acts ver
lime. The action of magnesia, howeve
than that of lime, and for this reason it
defect, because less likely to be dete
applied before using. Prof. Le Chat
cent of lime and of magnesia with twc
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limit the amount of magnesia
Portland cement.

When mortar fails from this
may not be shown for several
has set, and then in a comparat
ing, cracking, and disintegratior

Dr. Erdmenger made a larg
upon the effect of adding sma
to Portland cement, and foun
water and contracted in air; t
able percentages disintegrated,
weeks.

The fineness of the grains of
lime, is important as affecting t
Prof. Le Chatelier found that
ground produced swelling and cr
of finely ground magnesia prod
out distorting or cracking the
the change in volume varies w
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in a work swelled and cracked, a
sShowed that it contained 16 to 28 Ppe
Experiments were made by mixing 1
Cement, and swelling resulted. The
for the manufacture of the cement
Proportion of magnesia, which was
an uncombined state in the cement.
the swelling occurred was found tc
amount of water available. When mi
Quantity and left in dry air no expan:
is therefore only dangerous in water.
Amnalyses of this cement are given a:

Silicious Silica. Alumina. Iron. Lime. Mz
Sand. % :

(4 (4 ‘0 %
-... 14.80 8.00 1.60 47.30 2
--.. 18.30 2.95 3.60 44.80
O.35 20.70 3.35 3.65 43.30 :

"This is not similar to the magne
monly used in the United States on
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not been shown, however, th
in the setting of these salts,
contribute to the final stren
of the process, it is certain
cements continuc to increas
period, the proportionate In
being much greater than fo
very moderate action.

ARrT. 32. Avruwmr

The exact réle of aluminaf
a matter of considerable dou
the basic aluminates to act

‘like lime, being decomposed

action of water upon these aly
being given off, with the re
the set of cements contad

quantities.
The dicinteoration of mort
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with the aluminate may take ple
causing swelling and, if sufficient
tion of the mortar.

Aluminates should therefore t
to be used for mortar to be ex
sea-water, as the sulphate of m
lime of the cement, forming the :
then combines with the alumin:
the expansive action. For this 1
alumina are not considered desira

ArT. 33. SULPH.UR (

The action of sulphur in cen
able, depending upon the state
and the nature of the cement. I
phate of lime for the purpose c
slower has already been disct
action depends upon the present

.o e ol T -7 T T T e &
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that of adding it afterw
two seem to give analogo
burned cements it may be
and hence slow in acting u]
the expansion to be delay

Mr. Spachman, who
duction of Portland cen
cludes * that the danger
too large proportions of s
likelihood of forming calc
burning, which afterward
the cement, the sulphide
posure is oxidized to a ¢
color of the cement to a
much of its activity, in s
at all. Mr. Spachman g
SO4Ca as what may be s:

Prof. Tetmajer states f
land cement sometimes :
the fact that 1+ e read;
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ArT. 34. EXTERI

The principal exterior ag
cause the destruction of mor

-perature or in humidity and

with which it may be in cor
ical agencies, such as the shoc
sand produced by a current,
and may oxertax the strengtl
period of hardening, but they
tion through injury to the cem

The effect of frost is to se
through the freezing of water
tar and resistance to it proba
the strength of the mortar an
expansion.

The nature of the water tc
posed is important because
action of <alte which it mav
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02

which forms a deposit in the
on the contrary, the dissolving
which traverses the mortar is al
a large quantity of carbonate
is carried off by the water.”

In regard to the effect of tem
says: “At elevated temperatu
lose their water and are reduce
talline carbonate of soda, an
of the mortar. This is the ca
of lime, especially the alun
experiments are still necessary

“This dehydration occurs
the well-known fact that certa
in water and attain high stren
to dry hot air disintegrate int

M. Candlot says that “alu
ject to alteration in surrounc
dryness and humidity, and al
temperature.” It should be
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and perhaps ultimate destruction o
ent cements vary greatly in the ext
influenced by this cause, slow-setti
being ordinarily least and the slag ¢

ARrT. 35. EFFECT OF S

The destructive effect of sea-v
mortars which are sound in fres
due to the action of magnesium s
the cement, thus forming sulphate
cium. The action of these salts u
cement mortars has already been d

When mortar in sea-water fails t
is usually attributed either to to
of free lime or magnesia, or to
the cement. When the cement c
expansive action is greatly intens
compared with that in fresh watc

nlatmead hy +the nArecence f cale
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salts may be washed out, lea
to the action of the disintegrat
of any Portland cement may
sea-water if used in such ma
tinuous action of the magnesi

The ultimate hardening o
in fresh water, seems to depe
bonic acid in forming a prote
tion of the elements of disinte
resists the penctration of the
renewal in the interior of tl
becomes protected by the ac
and effectually prevents furth
salts.

M. Durand-Claye examine
wall where parts of it were
large proportion of magnesia
tained in the original mortar
wall which were still sound
nhirice acid wae aleny Inere
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fresh water were unaffect:
disintegrated in six montt
in fresh water suffered a
acid, while those in sea-
loss of lime and gain in m

M. Alexandre also fot
calcareous sand is attac
containing them may be d
is good.”
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ARrT. 36. OBJE

TEests of cement may ha
the examination of the qualit;
to determine its fitness for u
properties of the cement for
knowledge of its behavior unde
of use. Where experiments
object, the tests to be applied
must of course be dependent
be investigated.



-

METHODS OF TEST

laws governing the action of
examinations upon particular p
take into account the variable
and the necessity for exact kn
the cement upon which the test
The French Commission up
ing the Materials of Construc
the permanent laboratories ce
atically tested in the followin
analyses; fineness; specific gr
homogeneity; time of setting;
ural, and adhesive strength;
porosity; permeability; resista
sea-water; and yield of mortar.
Tests of cement, as common
upon engineering work, have
determination of the quality of
for the use. Tests for this purp
ing to some recognized stand
annravimate the econditione o
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cumstances of its use. The
material varying so greatly in ch
under various conditions is evi
lar brand of cement whose ch:
may readily be determined wh
normal quality, and something
future from its behavior unde
little, however, can be done in
and for a new and unknown n
to state a somewhat indefinit
results.

Tests may be imposed whic
secure good material, but oft
jecting equally good or better
will be unavoidable until the ch:
brands of cement are more ful
which each should be subject:

The tests which are usuall
the quality of hydraulic ceme
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ir so far as it has been shown t
subsequently maintaining such
to produce cement which will d

~ short-time tests is liable to result i

index, or the addition of calciu
times in the presence of free lime
likely to be unsound than one of
The test for soundness or pe
an important one, as giving an ir
durability of the material; but
tests, a knowledge of the usual a
contribute greatly to the proper i
The test for fineness is also im
the power of the cement to take
It was recommended by the co
Society of Civil Engineers upo
testing, that tests for quality b
three most important tests—fs

and soundness; and this recomn
monlvy followed in the TTnited ¢
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and well burned. Variations
the weight, so that there may
in the weight of various cement
well burned.

The apparent density is af
which the cement is ground;
of the cement the greater its
The weight test when emplc
combined with one for fineness
of heavy weight by coarse grii

The test for apparent densit
for the reception of material, a
in result. It is, however, somet
tions in England, and is used i
tories where a careful study is
cement.

As the cement powder may
so as to give very different wei
it is necessary to use a unifc

1 - 41
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measure (3) of 1 litre capacity ar
provided with ears which catch uj
two levers (L). The frame is raise
turn of the hand-wheel by the cam
cession of jars to the measure.
Above the measure a sieve (K

- system of levers which are hinged

by the rod (V), giving two oscill
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Inclined-plane Apparaius
ratus for apparent density
of forms, one of which, em
mended by the Commissio
Matériaux de Construction,

7
Y
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2
2|
Z
Zi
Z
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Y
%
i
7
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The cement is poured in small ¢
mit of the secondary plane so slow
opening between the planes, unti
when it is struck and weighed.

A single inclined plane of son
(so cm.) is sometimes used, the
upon the upper end and allowed
the measure. It is said, however
results than the double plane
extreme care.

German Funnel Apparatus. —'
recommended by the German con
of testing materials, as was also th

The funnel is formed of a holl
vertical, as shown in Fig. 3. TI
is 18 cm., its upper base is 20 cm.
in diameter, terminated at the lo
cone 5 cm. high, with a lower bas
The funnel is supported upon a

R TS T T . |
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with a sieve fitting into th
measure below.,  The ceme
gradually worked through |
then slides down the funne
is filled.
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requires careful manipulation to se
rate of filling the measure and t
compacting. The inclined plane
funnel apparatus are found to give
recommended by the commission
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creased weight which wou
grinding. The coarse parti
hardest burned and therefc
cement. To accomplish this
fine as possible in order to
pable powder. In Europe
square centimeter is employ
sponding to the No. 180 sicv
inch.

The Committee upon Cem
Society of Civil Engincers,
method of making weight 1
American engineers. This tc
practical use and it is not cu
to make any test of this ¢
results of such tests under
great, and the results arc so
of grinding that when a dens
gravity is usually determine
1904 recommended the speci
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method of determination which ¢
tests. The differences of specific gr
are, however, very small, and gre:
the manipulation of the test in o
results.

The test for specific gravity i
immersing a known weight of th
which will not act upon it, and
through noting the volume of
making the test by this method i
the air-bubbles contained in th
eliminated, and that the volume o
cement particles only.

Schumann Volumenometer.—Seve
have been used for this purpose. (
volumenometer, shown in Fig. s,
common. It consists of a gradu
of which is ground to fit closely in

In the use of the apparatus th

R T « DR R B odh & I BT A P
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through a long funnel, thus
of the tube dry.

In some instances greater
obtained by filling the appara

M lIIIIIllllll))'lllllllll‘l‘ll']ﬁ
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of the apparatus the tube is tr
and the bulb filled with benzin
placed upon the tube, the appar
reading taken of the height re:
A weighed quantity of cement
tube, which is turned upside dow
the flask for the purpose. The fl:
the whole again inverted, the volur
of the liquid in the tube. In orde
bubbles the apparatus is shaken b
reading so as to thoroughly mix the

This method is much more raj
Schumann volumenometer, but ir
satisfactory in result.

Le Chatelier's Volumenometer.—"
in Fig. 6. Tt consists of a flask th
out into a tube 1 cm. in diameter ai
the middle the tube enlarges into ¢
and then again continues with u

tarn The Aacl> 44 4 vATHY: Marl-oAd
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weighing the apparatus before
introduced. Or, this volumer
the same manner as that of
serving to prevent the cement
tube. .
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commonly somewhat volatile and
be kept low in order that the res
be affected by the evaporation
is used the temperature should ne
The committee on Uniform ‘T
American Society of Civil Engin
the use of the Le Chatelier appar
ratus be submerged in water in a
The recommendation of the co:
“Significance—The specific gr
ered by underburning, adulterat;
the adulteration must be in cc
affect the results appreciably.
“Inasmuch as the differences
usually very small, great care mu
ing the determination.
“When properly made, this tes
for underburning or adulteration.
“ A pparatus and Method—The

aravifr 1e mact convenientlvy ma
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the lower mark and 6.4 grs. (2.25
viously dried at 100° C. (212° F.) a1
perature of this licuid, is graduall
the funnel (the stem of which exte
top of the bulb) until the upper m
difference in weight between the ¢
the original quantity (64 grs.) is
displaced 20 cu. em.

¢ (2) The whole cuantity of the -
and the level of the liquid rises to
graduated neck. This reading pl
volume displaced by 64 gr. of the

“The specific gravity is then obte

e gravity — it
Specific gravity = Displa

“The flask, during the operati
in water in a jar, in order to a
temperature of the liquid. The
within o.o1.
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land cement varies from about 3.
ally above 3.05. Natural cemer
3.10. An inferior limit is someti
tions—usually for Portland cement
for Roman cement about 2.8o.
often specified for natural cements
The presence of the volatile e
plete burning, or of adulterations
ing, tends to lower the specific
of adulteration, however, needs to
it becomes appreciable in the resu
ical composition also to some ex
gravity, cements of low hydraulic :
values. The age of the cement
aeration tends to reduce the spec
of fresh cement. The specific grax
density, is not affected by the fin
This test is not commonly aj
for the reception of cement upo:

“Yf\"]{
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that the cement will give goc
sand. R

The fineness which should
matter of relative economy;
larger the quantity of sand
used with it. The coarse p:
be considered as inert material
amount of sand already mi
is a question therefore of relati
of fineness.

There is, however, some ¢
fineness. Some Europcan au
dom of a fineness test. It is
of fineness in the strength of
some extent with time, but th
to be the really valuable part
be omitted the cement loses

Prof. Le Chatelier in hi
of mortar found that, after
particles no trace is left of

YXr*:;1Y 1 1 Y
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The Committee of the Americe
gineers in 1go4 recommended wit
ness test as follows:

«Significance.—It is generally a
particles in cement are practicall
the extremely fine powder that
cementing qualities. The more fin
all other conditions being the sz
will carry and produce a mortar ¢

“The degree of final pulverizz
receives at the place of manufa
measuring the residue retained on
known as the No. 100 and No.
mended for this purpose.

“ A pparatus.—The sieves shor
20 cm. (7.87 inches) in diamet
high, and provided with a pan, 5
and a cover.

“The wire cloth should be wc
brass wire havine the following d
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“ Method.—The Commitice,
has reached the conclusion t
not as practicable or cfficient as
recommends the following met]

“The thoroughly dried anc
is weighed and placed on the
pan and cover attached, is hel
inclined position, and move
at the same time striking the
of the other hand, at the rat
minute. The operation is
than onc tenth of 1 per cen
minute of continuous sicving.
then placed on theNo. roo sieve
The work may be expedited
small quantity of large sho
reported to the nearest tenth

The British Standard Spc
Enginecring Standards Comn
following requirements for {ine
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ArT. 40. NormaL CONSIST

In order to sccure uniform results in
as well as for rate of sctting, it is cssen
ard consistency be adopted for the «
mortar. The ecffects upon selting a
varying the quantity of water used in mi
been discussed in Art. 24.

In making standard tests it is commc
quantity of water by trying to bring the
consistency which shall be uniform for al
cements rcquirc very dillerent quanti
reach the same consistency, and in
mortar the nature and condition of tk
cause considerable variation. It shoul
that the consistency of paste does not ¢
upon the quantity of water used, but r

PR AR, [ IR T R, .S A
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NORMAL CON

“Significance.—The use of
water in making the pastes *
setting, and briquettes are m
tant and affects vitally the resu

“The determination consists
of water required to reduce tk
of plasticity, or to what is usu
consistency.

“Various methods have bee:
determination, none of whicl
satisfactory. The committee

“Method. Vicat Needle
(Fig. 8) of a frame bearing a
at one end and at the oth
(0-39 inch) in diameter, th
weighing 300 gr. (10.58 oz.).
held in any desired position |

cator, which moves over a scal

v 1 ., 1 - ——
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the operation by tossing it six ti
the other, maintained 6 inches a
pressed into the rubber ring throt
smoothed off, and placed on a g
end) and the smaller end smootl
the paste confined in the ring restin
under the rod bearing the cylinde:
contact with the surface and quick

“The paste is of normal consist
penetrates to a point in the mas:
below the top of the ring. Great
fill the ring exactly to the top.

“The trial pastes are made wi
of water until the correct consiste

“The Committee has recommer
the consistency of which is rather
that variations in the amount of
the briquette is subjected in mot
less with such a paste.

T T et it nmemtad 2 00
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can recommendations, the re
plunger shall sink to a point 6
tom of the paste for standard c
Another method somewhat us
by the French Commission :
Boulogne method. The methe
The paste is to be vigorous
to bring it to the required cons
“1. The consistency of the
sensibly if the mixing be con
the expiration of the required :
“2. If a small quantity of
the trowel and allowed to fall
a height of 50 centimeters if
the trowel without leaving ar
and after falling should apr
without cracking.
“3. A small quantity take
into a round form until wa
should not stick to the hand
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The Committee of the American
Materials in 19o4 suggest the perce
following table, the percentage for
first determixfgd by the test above gi

sistency.
PERCENTAGE OF WATER FOR CEMENT )
CONSISTENCY.

3 3

ég, Proporti%r;s V(R:Ifiré%%f to Sand § g, Prop
B8 8

[ Bn

88 £8

52 sz

Sul ot |l s=al 1=3 | =4l =s || 85| -

« 0 I-I I-2 -3 I=4 | I~5 = O I-I
QL JoR]

A~ oy

8 [12.0{10.0| 9.0/ 8.4| 8.0 30 | 16.01
19 |12.3]10.2| 9.2/ 8.5|8.1(| 31 | 16.3 |1
20 |12.7|10.4| 9.3{ 8.7 8.2 32 [ 16.7 |1
21 [13.0(10.7| 9.5/ 8.818.3|| 33 |17.0(1
22 {13.3(10.9| 9.7(8.9{ 8.4 34 [17-3]1
23 (13.7|11.1] 9.8{9.1{ 8.5 35 | 17.7|1
24 |14.0|11.3|10.0{9.2| 8.6|( 36 | 18.0|1
25 (14.3|11.6/10.2/ 9.3 8.8|| 37 | 18.3]| T
26 |14.7|11.8({10.3/9.5| 8.9 38 | 18.7]1
27 l15.0l12.0l10.51l 0.6l 0.0!l 20 | 10.01] 1
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Testing for time of settin
two points in the process
called the beginning and
points are differently deter:
of testing, and are not m
phenomena which admit of

A method of testing for
General Gilmore and reco
of the American Society o
still quite largely used in tI
in mixing cakes of neat ce:
diameter and 1/2 inch thick
observing the time when the
in diameter sustaining a wei
this as the beginning of
observations with a needle
ing a weight of one pound u
firm to bear this, when it n
" The time of setting is |
practice by making small c:
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rangement is shown in Fig. 8. 1
quette of neat cement is made
or rubber mould 10 centimeters ir
timeters high, placed upon a plate
cement being mixed to a plastic con
by the consistency test. The apy
that a weight of 300 grammes n
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and the time when the nee
through the mortar is obser
of setting; the time when
briquette without penetrat
of setting.

The accurate determine
points where the set is saic
of some difficulty, as the
causes the needle to sink
than in others, and the
the circumference than in t]
ever, these defccts are not
exercised in mixing the
not taken too near the ed
of set is much less well d
of set, as there is usually
which a very slight penct
insensibly to final disappe:
for completion of the sct
tion becomes very small, so
heecanmee nracticallyy horion
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set’). The former of these i
since, with the commencement «
crystallization or hardening is s
turbance of this process may pre
it is desirable to compleie the
moulding or incorporating the
before the cement begins to set.

“It is usual to measure arbits
end of the setting by the penets
of given diameters.

“Mcthod.~Tor this purpose
has alrcady been described in g
used.

“In making the test, a paste
monlded and placed under the re
graph 31; this rod, bearing the
needle, 1 mm. (0.039 inch) in
weighing 300 gr. (10.58 0z.). ]
fully brought in contact with t
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the collection of cement on
the penetration, while ccm
area and tends to increcase tl
“The determination of t]
proximate, being materially
of the mixing water, the 1
the air during the test, t}
and the amount of mouldin
The time of setting is
neat cement, on account o
satisfactory test with sand
quite uscless when sand
interference of the grains
the needle. Rough tests o
methods may readily be 1
for practical purposes, and
more nearly what may be
used. The rate of setting
indication of what the ac
different cements a mortar
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employed: when the mortar w

400 grammes it is considered a

it will sustain 10,000 grammes

M. Feret has also proposed

by using fine sand composed
sieve of 75 meshes and are he

per linear inch, the test being
f with the Vicat needle. This s
the effects of sand upon differer

; In making tests for rate of
! of the ingredients of the mor
of the atmosphere in which it
or water in which it is place
very large influence upon the
of 60° to 65° Fahr. is usuall
although the air in the laboratc
higher temperature—perhaps 6:

CHANGE OF TEMPERATUR]
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sets more quickly. The to
cement may reach 15° or 20
it may be quite imperceptible

The change in temperat
nature of the cement, and a
connect it with the soundne
larly the presence of free lim
seem to be supported by fact.
are very indefinite. Expan
action, and therefore danger
likely to cause increase in te

The test for change in tem
by placing the mortar in a |
used with the Vicat needle,
which is an opening to pen
thermometer. This cover p
into contact with the air or
placed, thus neutralizing the
of temperature.

CAarme vrarsr olAasesry cnfttvmoe A
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TESTS OF THE STRI

ARrT. 42. METH

THE strength of mortar i
ways: the tensile test is the
ployed, but compressive an
often used.

The test for tensile streng
quettes of the mortar in mou
at the middle,~in the Unit
square,—and enlarging at the
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The transverse test is n
into bars, the bar is a afters
supports near its ends, ar
upon its middle, causing it

The proper conduct of a
requiring care and cxperie
connected with the circumst
work which have an impo;
These are: the form of ti
mixing and moulding; t
tempering the mortar; th
mortar is kept during the h:
of applying the stress; th
the operations are perforn
form results it is essential
in all of these particulars.
in this direction during rece
disparity in the results of d
due mainly to differences

Every laborator seems

v s 9
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materials so as to obtain
results.

“«The first tests of inex
and careful persons are us
inaccurate, and no amount
the variations introduced 1

the most conscientious obs
ently of minor importance,
upon the results that it is
every particular, aided Dy
that trustworthy tests can Iy

Experience since  the e
made has shown that the d
formity in such tests are 1
imagined.

The variations in the resu
the work of different exper
the same method and upo)
quently very large, and o
between the acceeptance al
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News, March 5, 1896) sho
was but 309, of the highes
quite evenly distributed b
Each result was the averag
agree fairly well among then
If the results of experien
laboratories vary so much,
tests made by less experier
of material upon temporary
fication be framed which sh:
of the material? Evidentl
with hand-work, the inspec
and the specifications drav
practice of the laboratory.
that some means be devised
tests may be made auton
factor eliminated in so far a
In standard tests it is c
constant temperature of 6c
in the laboratory in which
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TESTS OF TH

is employed. In the
are each two inche
although sometimes a
generally the standar
seven centimeters in le

The French “Com
Materials,” however,
for compression specin
to so fill the corners of
ous briquettes, and th
as preferable. They
briquettes obtained by
crushing test.

For transverse test

‘used. Different expe

ent dimensions, and t
ably be called a star
the adoption of this f
the acceptance of m
test-piece of a section
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meters. The middle section
mm. thick, giving a cross-scct

Comparative tests of brique
that the English form gives hig
the difference being commo
much as 30%, to 409, of the
be accounted for by the fact
a sudden change of cross-sc
of weakness, and while th
gradually from the ends to




TESTS O THE STR

meters. The usc of these sr
as it admits of lighter appar
because greater uniformity 1
the briquette. The work a
that less mortar is required
larger scctions, so that more
from cach mixing.

The size of the breakin
effect upon the strength,
much higher strength per
ones. Thus for neat ceme
1 inch square to one 2 inc
to lessen the tensile strengt
one half that of the smallex
has shown that the strength
perimeter of the section th
the intcrior may be remove

M. Alcxandre made a n
the relative strengths of b:
He found that larce brianet
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“While the form of the
former Committee of the So
this Committee is not pre
other than rounding off of |
radius.

“The moulds should b
some equally non-corrodi
metal in the sides to preve

“Gang moulds, which )
briquettes at one time, ar
moulds, since the greater
mixed tends to produce gr

“The moulds should be
using.”’

ARrT. 44, S

Tests with sand may b
judging the value of the
probable strength of mo

R T T T
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TESTS OF THE S

obtained by washing and
obtainable, sifting the san
per square centimeter, t
particles, and by removi
by means of a sieve of 12
the finest particles. The
sieve shall be 0.38 millim¢
tively.” The German C
specified Freienwalde sanc

In France both artific
natural sand are used t
Commission on Method:
use of natural sand. TI
sizes:

1. Sand which passes of
by those of 0.5 mm. 2.
1.5 mm. and is retained I
which passes openings o
those of 1.5 mm.

-
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STANDA

“The Committee recogni;
standard quartz now genera,
of its high percentage of vo
ing in the moulds, and its
spent much time in investiga
which appeared to be avail

“For the present, the
natural sand from Ottawa,
having 20 meshes per linear
having 30 meshes per lin
diameters of o.0165 and o
half the width of the openin
passed the No. 20 sicve s
when not more than 1 per cc
one minute continuous siftin

“The Sandusky Portlanc
dusky, Ohio, has agreed t
of this sand, and to furnis}
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TESTS OF THE ¢

nature of the sand; its fir
retained by various sieves
be examined under a gl
weight of a unit volum
Tests of the tensile stre:
sand to be tested as con
upon standard sand are c
the value of the sand to ¢
mortar.

ARrT. 45. METHODS

The wide differences
of tensile tests made by ¢
mainly due to differens
Probably if the other st
used as that of tension
would be observable in
not only in the work of
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the method of forming the briquet
used in placing the mortar in the

In making briquettes by hand
are employed corresponding to
of the mortar. The plastic met]
employed, being used in Engls
United States, while the dry metk
many.

The report of the French com
tests in 1892 recommends the follc

“The moulds are placed upon
polished metal which has been w
with an oiled cloth. Six mould
gauging if the cement be slow-se
quick-setting. Sufficient material
each mould to more than fill it.
into the mould with the fingers s
and the side of the mould tapped
trowel to assist in disengaging the
excess of mortar is then removed |
over the top of the mould so as to



TESTS OF THE STRENG]

removing them from the moulc
regularity of their formation.”

A method somewhat in use in
is that proposed by M. Candlo
the Commission upon Methods «
use with sand mortars, It is as

“Sufficient mortar is gauged
quettes, requiring 250 gramm
grammes of normal sand. The
sary exceeds by 3o grammes t
bring the cement alone to norma

The mortar is prepared in tl
forming the briquette the moulc
plate and a guide fitted above it
as the mould and a height of 12

“180 grammes of mortar are
distributed in the mould and
means of a metallic pestle wei
with a base of the form of the
less dimensions, the mortar is

P R S [ T
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Following are the specificati
tion of German Cement Mal

“On a metal or thick-glas:
paper soaked in water are 1
five moulds wetted with wat
and 750 grammes of stanc
thoroughly mixed dry in a
meters of fresh water are
mixed for five minutes. W
the moulds are at once fillec
to be rounded on top, the r
By means of an iron trowel
centimeters long, and weigl
projecting mortar is pound
sides, then harder into the mr
elastic and water flushes to
at least one minute is nec
and pounding in of the m
the test-pieces of the same
density at the different te:
now cut off with a knife anc



TESTS OF THE STRENG

for five minutes. The forms a
proceed as for hand-work with

“The mould can only be tal
has sufficiently hardened.

“The quantity of water for
setting cements must be increas

The rules recommended by
American Society of Civil Engin
lowing method of making briqu

MIXING.

«All proportions should be sta
tity of water to be used should 1
of the dry material.

“The metric system is recomm
venient relation of the gramme ¢

“The temperature of the rool
should be as near 21°C. (70° E
maintain it.

“The sand and cement shou

E Mm™1 Y T
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by the aid of a trowel. As
absorbed, which should not re

* the operation is completed ]

the hands for an additional 1
similar to that used in kne
affords a convenient guide
During the operation of mixi
tected by gloves, preferably

MOUL

“Having worked the pas
consistency, it is at once ple

“The Committee has been
results with the present mo
tion of machine moulding i
types permit of moulding 1
and are not practicable with
recommended.

“Method—The moulds s
material pressed in firmly w
off with a trowel without ra
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TESTS OF THE STRENGT!

ing briquettes by hand: first, th
thoroughly worked in gauging;

French rules require that it sha
at least five minutes, only suffic
pared at once for five or six briq
bubbles must be well worked out
the moulds. The neglect of th
much of the irregularity which ¢
work of inexperienced operators.

It is perhaps easier to secur
the dry than with the plastic
density of the hammered brique
strength. The plastic method,
nearly with the conditions of t
in practice.

Even with the most experience
differences in the amount of wor]
in forming the briquette, and the
which cause wide variations in res

In order to secure good result
le nereccarv Fhat the hranettec
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“A moist closet or chambe:
use of the damp cloth shoul
Covering the test picces with @
as commonly used, becausce
equally, and, in consequence
maintained under the samc
closet is not available, a cl
uniformly wet by immersi
should be kept from dircct .
by means of a wirc screen ol

“A moist closct consists ©
or a metal-lined wooden by
covered with felt and this |
of the box is so constructed
sides are provided with clea
on which to place the bricuc
to keep the air in the closct u:

“After twenty-four hours
for longer periods should b
tained as near 21° C. (70°F
be stored in tanks or pans



TESTS OF THE STRENGTE

No entirely satisfactory system
has as yet been devised. In Eurc
commonly employed for mouldin
mixing is done by hand in the ordi

In Germany and Switzerland a
sive tests are made by machine,
tensile specimens. The machine
is either the Bohmé hammer or th

The Bohmé hammer, designed
Charlottenburg Experiment Stati
11. It consists of an arrangemen




148 HYDRAULI(

upon the personality of the
method. The arrangement
is such that its operation mu
to give time for the hammer
being caught on the next stre
make a briquette is too grea

The rules of the Assoc
Makers specify this machine
order to obtain concordant
machine-making is necessa
cement and 1200 grammes
thoroughly mixed dry in a 1
of water are added thereto,
oughly mixed for five mir
grammes are placed in the
guide-mould, and the mou
bed-plate under the poundi
lower is placed in the form
trip-hammer one hundred a
a hammer weighing 2 kilogr
guide-mould and follower th
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the number of blows by r
work to be done upon a
kilogrammeter of work pe
which the mortar is compc
ject to the same limitatios
hammer, in being very slc
pensive in first cost of apps
Canadian Method.—In
in England, the mecthod !
the mortar quite soft, usin
with machine-mixing and
under light pressure—zo0
surface of the briquette.
for strength than the ordir
portant provided the resul
fications are made to agrec
A number of tests made
McGill University scem
capable of yielding uniform
tions of the individual tes
coriee 12 concerned  The 1
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is very simple.

section conforms to th




TESTS OF THE STRE]

in the cylinder may be subjec
175 lbs. per square inch. T
is raised above the bed-plate a
ness of the briquette (x inch)
a triangular block (/) having t
section as the briquette. Th
to bring either of these holes b
one hole is in this position, ho
the cylinder at one side, and th
has been pressed into it can be
by a lever (m) and guided b;
the pressure used the briqus
handle as soon as lifted from
once removed and placed on .

“In practical working it h
make briquettes as rapidly as

This machine may be fo
where large numbers of bric
purpose of comparing ceme
tions, as it greatly lessens thi
the briquette. It is to be o]
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uniform resufts may be obtained from bri-
ulded under a single application of a steady

thod may he applied much more rapidly
ammer method, with about as goad results,
- the results of different operators much more
- than can be obtained by hand-work, although
ons from the mean in the work of a single
1ay be as great or greater than in the hand-

¢ of neat cement, machine-mixed, and moulded
ressure of about s00 Ibs, upon the surface
quette, give good results when the averages
t men are compared, and small variations in
re not important in the results,
] mortar, one part cement to three parts
ressure of 1000 to 13500 s is desirable to
compact the mortar to form homogencous
and give uniformity in the results.
n the best results the mortar should be gauged
consistency that the watler begins 1o ooze out
pressure, the cakes being reduced to a semi-
dition, and Lecoming too soft to handle hefore

aratus for making briquettes by this method
ranged, but no satisfactory method of manipu-
sriquettes so as Lo produce them with reasonable

rm e m =

bt i, n



‘or this  purpose scveral  appliances have

miver is an apparatus in which the materials
in cups with covers clamped on, and shaken
and down. It has been tried in a number
but has usually been found quite unsatisfac-
actice. It is difficult to make a satisfactory
y this method, and the result depends very
1 the rapiaity of operation.

fja miver was designed and first used by Mr.
England. It is shown in Fig. 13, as made
Bros. Testing Machine Company, of Phila-
nd consists of a cylindrical pan in which a
med of four cwrved blades, revolves both on
is and about that of the pan. This arrange-
s fairly good results in use.

shows an arrangement uscd by the author
yoratory of the College of Civil Engincering
University.

ipparatus the cylinder containing the materials
thus avoiding the dust, which is very disa-
ith the open pan. The cover revolves ahout
f the cylinder, and the gear is placed outside
: any danger of it becoming clogged, The
wmed of vertical rods held by a horvizontal arm,
¢s about the axis of the cylinder and also about
¢ pouint of the arm.

isc any sysiem of making briquettes by hand




le of sceuring good results under careful manipula-
ue 0o slow or clumsy in operation and yequire
wreful managenment to make them desirable for

(|

116, 1.,

b use,  The American Socicty Connnittee in 1904
| as follows upon this matler:

he Committee, after investigation of the various
inical mixing-machines, has decided not to recom-
any machine that has thus far been devised, for
Mowing reasons:

) The tendency of most cement is to “ball up’
achine, therehy preventing the working of it into a
gencous paste; (2) there are no means of ascertain-
shen the mixing s complete without stopping the



r lensile strength is commonly made by
riquette in a pair of clips which catch its
atteched 1o a machine by which the load
break the briquetle may be weighed, In
re unifom results it is necessary that the
: s0 applied as to bring the tension axially

IYg, 15.

11 section of the briquetic, and also that the
ation of the load shall be always the same,
various lypes of testing-machines in use,
s unnccessiry 1o enler into any detailed
f them here.

relis machine, shown in Fig, 15, consists of
rs suspended from the framework carrying
e clips which hold the specimen and at the




i Alichachs,  1n the rramrbanks machine the shot
shed and the stress determined by the same beam
in breaking the specimen, the bucket being hung
~other end of the beam from that used in breaking
ccimen, and the weight Tound by ncans of a sliding
t, the heam heing gracluated to read stress upon the
rtie. '

» Riehlé Machine, shown in Iig. 16, is an ordinary
machine in which the lead is brought upon the

wn by means of the Tower hind-wheel, while the

¢ is movedd along the scale-beam by the upper
wheel,  In festing a bricquette hoth wheels must be
ed simultancously and the seale-beam be kept
ced.

o Qfserr Machine, shown in g, 17, is similay in
cter to the above, but differs somewhat in detail
machine has been maodified by Profl. Porvter in
onsirueled for Lafayette College, by adding o see-
cver bolow the clips, through which the stress is
w0 by means of water flowing into a bucket attached
end. The stress is measured by the weight sliding
the upper scale-beam as in the ordinary machine,
he weight is moved automatically by means of an
ic contact al the end of the heam.

rtous maodifications of these machines and others of
complicaled trpe are Trequently employed,  Nearly
[ the machines in common use may give good resulls
actice,  In sclecting o machine, however, those are

e .

.
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d I'iG. 16,

hat the stress upon the briquette shall be
st be exerclsed in properly centring the
the clips, and the form of the clip must
it shall not clwp or bind upon the head
e, but may be free to adjust itsell o an
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ret as small as possible to admil of its more free

djustment.  The suspension of the clips, as is
, by conical bearings permits them to turn so as



dn brquetle. As here givenad s approved
ssion des Méthodes d'ssai des Matériaux
1" as giving very satisfactory results.

i, 8,

uette used in the United States and Ing-
ms have been used for clips.  Fig. 19
dapted by the Committee of the American
Fngineers in 18835, This form does
ent bearing-surfuce for good results, as
ikely 1o break on account of the crushing
[ the briguette at the point of contact.
wn in Fig, 20 has been much used, but
tage of clamping the head of the hriquette
unless great care is used may cause the
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reak due to twisting may ofien be a centre break,
irvegularity show only in the results.

fo———

[

ke, 1y, Fra. zo,

orm of clip shown in Fig, 21 is recommended hy
mittee of the American Socicty of Civil Engineers
This form is a decided improvement over the
rms, but scems to give rather oo small arca of
between the briquette and clips for (he Dbesf
It avoids twisting the Driquette and permits
ory adjustment Lo axinl stress,
ler to prevent crushing at the points of contact
permit more free adjusiment Mr, W. R, Cock
”)os,cd * i rubber bearing, as shown in Fig, 22,

*Lngmcumg News, Dee. 20, 1890,



pliances have been proposed for the aceu-
of hriquettes, or o prevent the more free
[ the elips to the direction of stress, by

1M, 22

ale for the exact placing of the Iriquette,
r (he clips at the upper corners.  These
do not, however, seem Lo he necessary,
ittee of the American Sociely of Civil
goq. wacle the following reconnmnendations
ts for tensile strength:

nay be made on any standard machine. A
ip is recommended. This clip is to be
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| from the water.  Care should be observed in
i the briquetle in the testing-machine, as cross-
, produced by improper centring, tend to lawer
caking-strength.  The load should not be applied
wdenly, as it may produce vibration, the shock
vhich often breaks the briquette belore the ulliimate
th is reached.  Cave must be taken that the clips
1e sides of the briquettes be clean and [ree from
of sand or dirt, which would prevent a gowd hearing,
oad should be appliecd at the rate of Goo lbs, per
e. The average of the briguettes of each sumple
should Lie taken as the test, excluding any results
are manifestly faulty.

Anr. A8, CoMprissivey, TESTS.

> compressive strength of cement-mortar is much
1 than s tensile strength, and as it does not seem
¢ a beller indication of value, while more difficult
isfactory determination, and also requires heavier
alus, it is not usually cnployed as a test of qualily
> acceptance of materiad, Fhe compressive fest is,
rer, valuable for purposes of comparvison, aned is
1l ag an addition 1o the showing made by the tensile
In the Buropean experiment stations it is cuslomary
t all cements under compression as well as Lension,

R i




sause Lhe maternd o spreaa laterally by
e sides, Lailure usually occuring by shearing
Cinclined at about 30° with the vertical,
idal or conical blocks at the middle.
pecimen is simall in height the resistance
miteea than il it be higher, and for blocks
n1 the resistanee inereases with the size,
mmonly employed for this purpose, but
sometimes preferred, on account of the
ith which homogencous spechnens may he
heciuse of the liability of (he corners of
ol under comparatively light pressure.
n picee in Lurope is a cube with edges
long, moulded under the hammer, and
is required  that the pressure be always
o faces of the cube, that is, on the faces
inst the surface of the mould, in forming

n conference at Berlin, however, recom-
se of hlocks § square centimeters in arey,
e tensile speeimens,

1 “Commission on Methods of Tesling
wle (he following recommendations:

of compressive strength the half-bricuettes
tenston are o he used.  Each half-bri-
rushed separately, and the sum of the two
s the strength of the specimen,

ence of hall-briquettes, eylinders 45 milli-




stone surlace.”

¢ lesting apparatus should be so aranged that
css may he conlinuously applicd al such a rate
rush the Lud-briquette v one or two minutes.”

- tests having for their objeet the comparison of
with other materials, it is provisionally recom-
] to employ the cube, with faces o go squitre centi-
area, pliced upon one sile. These tests will (hus
n ina general way o the rules adopted for the
naderiitls.”

he United States it is common {o cmploy 2-inch
for this purpose, although some liboratorices use
s of aboul the sime area and somewhat greater

making compressive tests of cement, any of the
ry lever or hydranlic machines in common use,
capacity of 40,000 Lo 50,000 [hs., is usually sulli-
TC iy desirable that the load Le applicd as uni-
as possible, as the result will e more ov less
d by unsteadiness or shocks.
15 been proposed Lo employ punching tests instead
shings (he entive specimen, This method has been
red for a number of years in the lnboratory at
rance, A punch five square centimeters in section
ar} is employed, and it is claimed that the results
ore vegular than those oblained by crushing the
specimen, while requiring less force in the testing-
ne.  The “Commission des Méthodes (?Essai des




the strength of mortir under transverse
scldom employed as a measure of the quality
riad, but are frequently made with a view
ing the action of the material in service.
have often heen made to substitute the trans-
e tensile test in the reception of material,
sstions have usually heen based upon the
- the test and of the apparatus with which
arricd out.  All that is necessary, afier the
red, s the arrangement of a couple of knife-
vhich the ends of the bar may be rested, and
edge Lo carry the weight brought upon the
e b, "Ihe ordinary test by tension is, how-
simple, and there seems to be litde if any
1 making o change, although the transverse
in equally effective means of determining
uch less is known as lo whal the transverse
uld be, wul its use in specifications woulkd
preceded by experiments to oblain proper
e Jonds o be required, while the errors due
s in making briquettes would exist the same
ase as in the other.

and-Claye made a Lerge number of Lests Lo
wsile and transverse strength for hoth neat
C omortus inosmall test-picces. He o used
meters square and 12 centimeters long, and
5 of the ordinary  g-squarc-centimeter see-




L 06 section), were mund 10 Jdvildgl o L
e the unit stress for tension. The use of this
is instance is of course inexact, as it assumes
to have the same cocficient of elasticity {or
- compression, and to be strained only to the
As all the specimens are of the same size, how-
imaterial for purposes of comparison.

EiG, 24.

the transverse test the most common method
provide supports for the ends of the bar
ights directly upon its middle, Care should
to guard against the crushing of the material
ife-edges; a good plan is to use small pliies
reen the knife-edge and the surface of the
distribute the load.
ension-machine is in use, a transverse atiach-
ily added, by which both tests may be made
machine. Fig. 24 shows such an attachment

[ ———



all specimens for transverse tests it s
Meult to handle the test picees without
and, in general, il fabrly accurate results
the tensile test is more casily handlul,

TACTORS AFITRCTING STRENGTII TESTS.

ointed outl small differences in the manipu-
surroundings of the material during the
an imporiant influence upon the resulls
renglh of cement.
—The cffects of variations in temperature
rent cements, Inogeneral, mixing at o
e of air and materials resulls in o greater
s oblained by mixing al a high temperature,
cing greater for quick-setting materials, It
preseribe a temperature belween 65° and
tandard tests.  Lowering this temperature
will somelimes increase the strength on
s 20, while increasing the temperature
iy correspondingly diminish the strength,
rather quick-acting materials, mixing with
will practically ruin the mortar,
v hand, within the limits of ordinury air
briquettes kept at high temperatures dur-
period of hardening usually show greater
those kept at low temperatures,  There is,




dng briquettes s determined  for standard tests by
ing the quantity necessary Lo give normal consistency,
deseribed in Art. qo. Varialions in the quantity
vater may very materiadly allect the strength upon
rt-time (ests,  As a rule the use of o comparatively
mixture, provided the paste be throroughly mixed
well compacted in the moulds, gives higher resulls
short-lime  strength lests than i a wel mixture be
loved.  This difference may  largely disappear in
s maele after longer periods of time. With some equtick-
ng materials the gquantity of water given by the nor-
| consistency test is abnormally large, and changes
erially the aclion of the cavcnl from what it would
with less water. In one instance a cement mixed
v about 2374 water gives a rather dry pasle, seiting
en or Lwelve minules, and giving faivly good strengths
one il seven days.  For normal consistency, this
ient requires over 407, of waler, and mixed with
quantity, sets in aboul six or seven hours, and has no
ngth at one day and very littde in seven days.,  After
 months both samples show good strength, Where
h materials are (o be used some modification of
thod is desirable.
{oislure~Coement briqueltes kept damp during seiting
[ the carly period of hardening show much greater
ngth than those kept in dry air. It is usual to place
- briquettes in a damp-closet for the first 24 hours

R — e mma——



the Nirst pericdd, This requires considerable
¢ good results, as unequal or premature
cloths may malterially affect the results of

of variations in the moisture conditions are
jor all cements, some natural cements acling
tly from the usual rule, and nol requiring
phicre for the development of carly strength,
ng time tests ave made the greatest strength
veloped by taking the briquettes [rom the
eping iy during the later penod.

o Water of Tmmersion.—The nature of the
¢ briquettes are kept has been Tound in
es to malerially affect their strength. A
4004 has been obtaingd belween briguetdes
ater and in wader which had stood in the
long period without change. The water
should be frequently renewed when running
wvailable,

we of carbon dioxide in the water seems
yroper hardening of the mortar. I distilled
hriquettes will  disintegrate. Nearly  any
- waler which has been well acrated will
ults,




value of a cement as showing the possession of
active  clements. There  are, however,  dillerent
wnts which aet at different rates, and it is unwise
Tassily cements according to strength alone, The
ile strength developed by cement in o test extend-
over i short period of time is not necessarily an
eation of the strength that may he atltained by it
g a Jonger period, unless the normal action of the
deulr material be known, That which is strongest
irst may not continue to be the strongest.
he development of goold strength soon alter the
of the mortar is o destrable attribute in most engineer-
work, and the probability of the maderial heing
d s greater where it shows a fair carly strength,
therelfore 1L s usually wise to specify thatl the cement
[l develop o fairly good strength on a short-time test,
there is no object in requiring extremely high values.
Ir, Taijo recommends thit the gain in strenglh
ween the 5- and 28 day perieds be considered rather
n the absolule early strength in determining the
hable sulsedquent gain in steength, This is doubtless
etter guide than the wsual one, but it is not usually
clicable to dequire tests extending over a perlvd of
days, and in many instances it would he misleading,
omparison of different cements were attempled.
rof, Unwin gives o formula for the strength at any
iad, y=a-+b{x~1)% in which 9 is the strength at x
cks after mixing, a the strength at end of one week,



s the value n--1/3 for Portland cement in
I shows thal the formula gives values well
cith the results of tesls in many jnstancces.
swevey, accurate for general use, as is shown
¢ when applicd to many long-time tests.
¢ o be required in specificalions need to
, especially with the natural cements, to
the particular kind of cement to be used,
1 the practice of the laboratory.
rge quantitics of ecement are regularly em-
the same men continuously make the tests, |
aratively simple matter to conform the speci-
e work of the laboratory so as to gel reliable
of the value of the material. A very large
the testing for reception of material must,
lone upan detached works, where temporiry
are 1o be used aned inspectors employed
wsion.  In these cases it s a dillicult matier
specification which shall give good results,
pperator can himself first be calibraied,
s of tests in the permanent laboratorics
» higher strength for the same material than
shtained on an ovdinary oulside (est, espe-
L ocomparatively inexperienced man. Tt s
inforred, however, that the highest vesults
rily the outcome of the greatest skill.  As
most expert ad reliable operators get only
trength for the best material,
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d it to one of the Liboratories known to oblain

mally high strengths, and thus get results which
o show crror on the original st
- American Society for Testing Materials has vecome
d the following as the range for minimum values
cifications for tensile strength of Lriquettes 1 sequine
1 section,

NATURAL CEMENT,

Neat Cement, Strength,
wsinmoistair oo oooiiiiiea L. 5o--100 |,
'« (1 day in moist air, 6 days in water). 100200 *f
(1 Pt te gy 00 Y p0a-300

One Part Coment, Uhree Pavts Standurd Sand,
vs (1 day in moist air, O days in water) .. ags- 35 ¢
ps (1 ¢ CC L dhgy et ey mego ¢
PORTLAND CEMENT,

Nent Cenwent. Strength.
urs in moist abr. .. .. .. .. e «e.. 150-200 lbs.
ys (1 day in moist air, 6 days in water). .450-550
)'S(I e it (t ¥ 27 X 0§ i )RSO'(’RO ‘f

Oue Part Coment, Three Pards Sand,
ys (T cday inmoist adr, 6 days inwaler) . . 150-200
yS([ [ 44 (X} i 27 [%1 e (4] )-.200‘_'300 i f
specihcalions it is usually desirable lo require
showing a fair degree of strength rather than very
alues, The latler are if anything lkess likely to
good material and unnecessarily limit compeltition,

e



CHAPTTR VI
STS FOR SOUNDNESS.

\rr. 52, Orvixary TresTs.

is the mogt important quality of a coment,
> power of the cement to resist the disinte-
ces of the aimosphere or waler in which
wed, Ungoundness in cement inay  vavy
ree, and show itsell quite differently in
vial.  Cement in which the unsoundness
el s apl to beeome distorted and cracked
ys, when smadl cakes are placed in water,
W the disintegrating action is slower may
visible change of form, but after weeks or
lly lose coherence and solten until entirely

| i common use for testing wsoundness
all cakes or pats of neat cement, usually
inches in diameter and 1/2 inch thick,
of glass, and keep them in air or water
5, carciully walching them to sce if they
15 of distortion or swrface oracks, which
clendeney o disintegration,

n standard specifications require that the
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- a period of 28 days, when, i no eracks or distor-
s appear, the cement is considered sound,
The cakes, especially those of slow-setting cement,
it be protected against draughts and sunshine until
r final setting. This is best accomplished by keep-
them in a covered hox Iinud with zine or under
cloths.  Tn this manner the formation of heat eracks
woided, which are generally formed in the centre
he eake, and may be taken by an inexpurienced person
cracks forned by blowing."
he French Commission upon Metheds of Testing
terdals recommend both noopat test and test of the
mnt of swelling which takes place in the mortar,
ollows:
Cold Tests-—(a) Tor (his test the cement pasie is
ned into a pat aboul 1o centimeters in diumeter
|2 centimeters thick, made thin at the edges.
Tmmediately after being made the specimens intended
tests in water are immersed in the same conditions
the briquettes used for ensile tests,
“The specimens intended for use in the air are at
¢ exposed 1o the concitions indicated for briquettes.”
“The condition of the specimens is observed at the
1e periods of time employed in making tensile tests
days, 28 days, 3 months, 6 months, t year, cte.).
“(b) To measure the increase in volume of the mortar
neat cement after prolonged immersion in cold water,
ar of cement is employed 8o centimeters in length and

[P ——
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of the bar of wortar”  (Sce Fig. 23.)
of testing by measuring the variation in
cd o some extent in Germany,  Methods
s Lest are desceribed in Art. 33,
L oin testing soundness in this manner
ould he continued over.as long a period
1 many cases of unsoundness are not
a 284lay test. Instances have been
¢h mortar in the form of a-inch cubes
disintegrated  within two years, where
i was not observable for three months
test, Tl most coummon and dangerous
wlness are probably discoverad by the
It may e observed, however, thal the
sration of mortar is not oftener observed
tions is probably due maore {o the general
the cetment supplicd by the hest makers,
uent stability of work regardless of the
rlar, than to the eficiency of the test for

of water to he useld in mixing mortar
wlness s aboul the same as thal used
1glh, although a variation in the quan-
I limits does not seem to maderially
sults, Cire must be taken that the
moist during scliing and previous to
der that they may be [ree from drying
i account the French conunission con-




h apparently quite sound in waler if first allowoed
1 adr,

n mortar is (o be used in sca-waler, the pats of
nre placed in water of the smme character, and
y as possible corresponding to the conditions
tice.

ically, however, the action of sea-waler is so
at the test is comparatively uscless. M. Alex-
ound # that the first inclication of disintegration
t be shown for several months or perhaps years,
» found that the action in the Jaboratory did not
accord with that in the work.,  “This was probably
failures occurring because of the method of em-
the mortar, when the cement was not defective.
are sometimes made of mortar 10 be used in
or by causing the water to filler throwgh the
f mortar under pressure. This test is made
e by omploying the standard cubes used in
sion, which are aranged and  submitled to
1 as in the test for permeability (see Arl. 67),
locks are afterward crushed, and their strengths
1 with those kept under normal conelitions,

ART. 53, MEASUREMENT O EXPANSION.

indness in coment s <doubtless for the most
c to the presence of cxpansive clements, lhe
i which subsequent to the setting of the cement

\unades des Ponts el Chausstes, Sepl. 1890, p. 131,

— —————— ————



r when present in sullicient quantity, or bv
rease in volume without visible distortion
in less quantity, or when more fincly divided
ly distributed through the mass,

¢ efficiecnt and accuratec method of detet-
presence of expansives than is allorded Dby
on of thin pats of mortar, various appliances
evised for the purpose of measuring directly
of volume of a block of mortar,

-bar A pparatus.—The fist apparatus for
of measuring change of dimensions was
MM. Durand-Claye and Dcbray. It has
for & number of years in France, and was
1 for use in cold tests by the French Com-
ethods of Testing Matevials (see Art. g2).
lus is shown in Tig. 25, The test is made
 centimeters long and 12 millimeters square
The moulds in which these bars are formed
n vods constderably longer than the bars o
nd of section 30 by 12 millimeters, laid {lat
,held apart at the ends by blocks of thesame
e cement bar, and prevented from spreading
| the ends.

- the test, the bar of coment is placed in a
tube 8o centimeters long and 23 miilimeters
closed at the bottem and filled with the
action of which the mortar is to be exposed.




* the cement bar 1s thus multiplica by 10

s, 25,

ng on the arc, which may he graduated, and
ve positions of the needle read from the scale,
> covered with blank paper, and have the posi-
needle-point marked and afterward measured,
d requires much care in manipulation, both
the bars and in handling them in the (est.

ger's Caliper A pparatis. — This apparatus,
¢ Prof. Bauschinger and used in the German
laboratories, is an arangement for measur-

T e e =
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I, 26,

sulded with square cavities in the ends
L which are set small plates containing
v bearings for the points of the microm-
¢ change in length may be measured
ler,

1 apparatus is suspended by arod from




artical har al the hattom ob winch s hinged the needle
The Tower end of the needle has a point which is
ssecl by a spring against the end of the specimen in
ing & measurement. The pressure of the micrometer
inst the specimen s regulated Dby bringing the point
he needle to zero on the seale oA small bar of metal
asecd in wood s used as o standard in calibrating
instrument, the length of the standard being known
v acctivitely al a definite temperadure.
& Chatelier’s o pparetus—'The apparatus of TProl.
Chatelier s designed to measwre the increase in
umference of a cylindrical block of mortar,  This
thod s recommended by the TFrench  commission
use in making hol tests, vl is sidd 1o have the wd-
age of being much more casily manipulated than
other methods, Tt has also hren suggested  that
increase in lenglh for long bars miy not bhe an accurale
ication of the actual swelling, as there would he a ten-
ey for the expansion to take lines of least resistance,
1 therefore the transverse swelling may be more than
longitucinal.
I'his apparatus is shown in Vig. 27, It is deseribed
Prof. Le Chaltelier as follows:® A muck more simple
1 yel sulliciently precise measurement of the expansion
1 e made by letting the cement harden in eylindvical
ulds of a dimaeter equal to their height (for example

*I'rans. Am. Tnst. Mining Ing.
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m, not of the diameter, but of the circum-
¢ cylinder of cement.  Very slow-sciting
1es, the water of which would cvaporate or
air, it is indispensable (o immerse as soon

-~

N

i, 27,

thoul waiting for them to set.  The immer-
of a porus mass filled with tir may some-
on of capilbuy phenomena, give rise 1o o
ion, ined even 1o more or less disintegration
qs he insullicient. Daring the moulding
setting has taken place the mould shoukd
ly means of o suitible holder, which is
setting and belore the measurements are

cis of good guality, the distance between
1¢ needles does not attain © mm, in 28 days
of the end of setling,  "T'his test for invioi-
ney, when made colid, has but little interest,
, only exceplionably had praducts.”
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by the ordinary tests when extended over
1 of time has long been recognized, and
have been made to find some means of
vith accwracy awl within a reasonable
the material be reliable. The dificulty
material of so variable a nature, and in
may be due to so many and so diverse
~evident,  1ach test must be directed to
tion of the presence of some particular
undness, and all of them seem, when in-
applied to all cements, (o meet material
- pass them, although of good quality, and
are evidently inapplicable,
of these tests arc directed to the detec-
alled expansives, and most of them attempt
¢ chemical action, which causes the swelling
iien, by the action of heat. Some of
ave proven fairly successful in use, although
1 extensively employed as tests for the recep-
.
ore fivst suggested by Dr. Michaelis, who
use of heat to advance the hardening of
a view to determining, from the strength
1ort time in hol water, that which would
ser period under normal conditions.  From
ments in this direction it appeared that the
d in from 1 to 7 days in hot water might
relution to those obtained in much longer

. . ———————
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even showing a loss of strength in hot as
v cold waler,

of tests made by M. Deval it was found
tion of a small percentage of quicklime
Uanel cement caused the cement to atltain
vhen kept in hot than in cold waler, and
clier proposed to ulilize this discovery for
presence of free lime. He suggested the
es of 1 to 3 mortar, and the comparison of
ol hriquettes conserved for 3 and 7 days
© C. with those kept for 7 and 28 days in
navy lemperatures; the coments of good
woa strength a least equal in hot to that
o wader,

shserved in considering this test that there
al cements which give less strength hot
n of normal quality. M. Alexandre {ound
ich in aluminates hehave in this manner,
y cerlain cements which give high tesls in
withstanding the presence of appreciable
xpansives,  These ave apparently silicious
w hydraulic index, in which the fice lime
g the cement unsound does not canse it to
n hot water during the shorl period of the

cveral methods of testing  the soundness
the aid of heat, which have come more
¢, anel have in many instances given satis-




sansion as in the corresponding cold tests.  Deserip-
f these tests are given in the following articles,

Arr., 85, Kinn 'I'EsT.

s {est was originaled by Dro Bohmé, and consisis
osing small cules of the cement o heat in a drying
e o delinite period, and observing whether it cracks,
specifications of the Associztion of  German
it Makers recommend  this tesl as a meins of
g an opinion cuickly, but make the ordinary 28-
st decisive as 1o those cements which fail to pass
In test. In these specifications the kiln test is
ed as follows:
r making the heat test, a still paste of neat coment
ater is made, and from this cakes 8 em, o0 1o cm.
meter andd 1 oem. thick are formed on a smooth
neable plate covered with blotting-paper. Two
e cakes, which are to be protected against drying,
er lo prevent drying cracks, are placed after the
of twenty-four hours, or at least only after they
et, with their smooth surfaces on a metal plate and
d for at least one hour 1o a temperaiure of from
. 1o 120° C., untl no more water cscapes.  For
wpose the drying closets in use in chemical labora-
may be ulilized.  If after this treatment the cakes
1o cdge cracks, the cement is to be considered in
1 of constant volume,  If such cracks do appear, the
t is not to be condemned; hut the results of the



n more than 3 per cenl of caleiuny sulphate
other sulphur combinations,”
is considered by some authorities to be of
nents to be used in the aiv. 1t differs very
wever, from the way the material is used in
it cffcets the complete drying out of the
many instances also i is very diflicult Lo
consequence of the loss of cohesive strength
g, where no distortions appear.  The effect
rawal of the waler necessary to the proper
the mortar may vary as the rapidity of action
jul varics.
test has sometimes been modified by using
sphere in place of dry air. A pan of water
e oven uidder the specimens; the evaporation
cep the air saturated with moisture,  Prof.
cd this method in a series of comparative
md il to give results similar to those of his
but somewhat less effective.  His method
vs: “The specimens are placed on o support
on the holtom of which are several milli-
wer,  The heat is gradually applied so as to
1 the water in three Lo six hours,—first that
the botlom of the oven, then that which has
cd by the mortar.  Until the wider is entirely
he temperature remaing al about g5 €. The
ytintied a half-hour alter the disengagement
- ceases, in sueh munner as lo raise the tem-




t 1o render the results comparable. It is not possible
make the duration of heat exactly the same for all the
cimens, id after the evaporation of the water the heat
the Lotlom is much greater than «t the top of the
n."

Plame Test—A dry-heat test has been proposed and
somctimes made in Turope, by making a ball of the
hent paste about two inches in diameter and placing
on @ gauze in the flame of a gas-jet. The heat is
dually applied, so that at the end of an hour it veaches
mperature of about go® C. The heat is then increased
i the lower part of the ball becomes red-hot, after
ich it is cooled and examined for crcks.  The
alts of this test are much like those of the dry-kiln
s and are usuadly difficult to interpret satisfuctorily,

Arr. 56, Stiay avp Hor-warrr ‘T'EsT,

his test consists in subjecting cakes of cement, pre-
el in the ordinary manner, to the action of steam
three or four howrs, then immersing in hot water
the remainder of twenty-four hours, and examining
criacks and distortions,

Ir. Faija, by whom this (est was devised, uses it
s specifications for cement in England. He describes
method of conducting the test as follows:

Briefly, it is . vessel containing water, the water being
nteined at an even temperatwre of about r1o° to
° Fahr.; there is a cover to the vessel, so that above

TS et e W e
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a rack in the upper part of the vessel, and
upon the by wanm vapor rising from the
e the pat is set quile havd, it is taken off
put bodily into the waler, which, as has
stated, is maintained at a lemperature
:© 1ahir., and in the cowrse of twenty-four
ken oul and examined, and if found then
ardd and firmly attached (o the glass, the
e at once pronounced sound and perfectly
f, however, the pat has come off the glass
wks or friability on the edges, or is much
undler side, it may at once be decided that
its present condition is not fit for use.”
prefers the temperature given above, but
wenters have seemed o get better resulls
wr one. Prof. Tetmajer  oblained fairly
vith a temperature just helow the boiling-
200° Iahr.  Ile subjected the cakes to the
am Jor four hours, and hol waler twenty
r Lhe cakes in the steun as soon as mixed.
y madified this method of testing, and
into the specifications of the Department
v York City.  Four pats or cakes of cement
he usual manner were used by Mr. Maclay
e conduct of which he describes as follows:

s, Anerican Society of Civil Lingineers, vol. Xxvir,
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it took the pats to set hard, counting from the
ging. The fourth pat is placed in the steam-
end of twenty-four hours,

it four pats are cach kept in the stcam-bath
. then immersed in water of a femperature
00° Falir, for twenty-one hours cach, when
ke out and examined. To pass this test
11 four pats, after being twenty-one hours in
should upon examination show no swelling,
- distortions and should adhere to the glass
e latter requirement, while it obtains with
nts nearly free from uncombined lime, is not
on, the cracking, swelling, and distortion of the
much the more important features of this test.
waler tests, where the cement is very objec-
om excess of free lime, improper burning, or
es, the trouble generally shows itself in the
- distortion of all four pats.  Where the coment
ad the cracking and swelling takes place in the
pats only, and when the cement is still less
ble only the first two pats crack or swell,
ng or swelling of No. 1 pat alone can generally
rded.

ety case of failure and rejection the cement
¢ been allowed to set hard in a normal tempera-
¢ subjecting it to a steam-bath.”

Id be noted that the effect of exposing the

-
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sciling is greatly increased by the heat
of the test may be augmented by placing
at once; but where the rate of setting is
the heat may cause the action of the expan-
lace efore the set, thus lessening the severity
In most cases the result of the test is the
ay, but il scems fairer to permit the cement
subimitting it 1o the test,

v, however, i1 his spectfications does not
ults of the steam and hot-water test as cone-
e of fajlure, but only considers iU as cause
of the cement fuiling (o pass i, and adds
L for the pirpose of apparently giving the
one more chance,  ‘Uhis tesl consists in
ength of briquettes conserved in hot water
g them with those kept cale.

iqueties are prepared and treated as fol-
making the briquetles for the ordinary cold-
four additional sets of five cach of neat
four ndcitional scts of morlar, onc part
two parts s, are prepared, and allowed
»one hours in moist air of about 6o Fahr,
wed for three hours in a steam-bath about
hen immersed in water maintained at 200°
vhich they are broken when two, three, four,
ys old respeetively, and the breakings com-
e normal hreakings of Driquettes seven and
days old kept in cold water.”




old, and the hot-waler seven-day DICakings
cement are nearly as high as the normal
day breakings cold, where the cement s of
Where the cement is poor, and the pats
ng and distortion, there is generally a re-
ling off in the strength of the hot-water bri-
the above comparison., and one system can
used as a check on the other,”
ractically the same lest mentioned in At
oseel by AL Le Chatelier. Tis use in this
commended by AL Candlot:
ents which contain free lime show less resist-
water than in cold,  The cements of good
ot water show resistances cqual 1o or greater
n cold, Cements properly proportioned and
s, but not completely burned, give, in this
tory results.”
¢ pointed out, however, the relative strengths
L do not depend altogether upon the presence
s, and it is questionable if this method is as
that it is designed to check.  Some unsound
rtainly give high results in the measurements
gth of briquettes conserved hot, while there
no authentic instance of any unsound cement
ed on the steam and hot-water test, although
i may perhaps be condemned.

Ao o



crool Zurich, B0 consists in placing the
tested in cold wader, and then gradually
mperature of the water to beiling. Prof.
cthad is to pluee the pats in cokl waler ine
rtuging, ralse the temperatie o boiling
hour, continie botling for three hows, and
the pats for cheeking and softening.
il seems rather more severe in its efiects
vtar than the other hot tests, although in
nge bhut little from the steam and hot-water
boiling  tewperature i cmployed in that
on, however, seems o be more energetic,
is reguired o anive at the same results,
csivalle in using the hoiling test to permit
v sel Defore subjeeting it Lo the lest, as giv-
cliahle indication of value.  The results of
in most cases practically the same whether
as previously set or not, When cement is
he boiling test hefore setting takes place it
o exercise much care in the manipulation
woid any disturbance of the mortar through
f the water when heated. The results of
depend somewhal upon the rale of setting
al, and upon the influence of heat upon the
. With quick-setting cements this action
nt, but with those very slow the heat may
on of the expansives to ke place in advance
g, o the ceent may romain soft until late




; method is to roll a ball of the mortar, and
the ball to the required thickness. The con-
the mortar is determined by the requirement
1 not crack in flattening or run at the cdges.
n boiling water this seems desirable, but for
used in the ordinary cokd tests the thin edges
ntage in expediting the resulis where unsound-
in the mortar,

ing test is frequently used in connection with
for measuring expansion, in place of observ-
tortions or cracks.  The Bauschinger caliper
i sometimes employed in this way, the bars
celed to the boiling test, and the increase in
'd. The Le Chatelier apparatus (Tig., 27) is
ly cmployed in this manner, The French
v upon methods of testing materials recom-
ise of the Le Chatelier apparatus for this pur-
Idition to the cold fest given in Art. g2, as

‘esis.—For these iests cylindrical test-picces
yed, 3 centimeters in diameter and 3 centi-
h, made in metal moulds 1/2 millimeter thick,
eneratrix, and carrying, one on each side of
0 needles, 15 centimeters long.  The increase
ance between the ends of the needles gives a
“the swelling.

oulds as soon as they are filled are immersed
-ater, . After an interval of not more than

L
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aking the final measurements.”
d of (esting is not applicable to quick-

”

wd test for deformation is to be made
ent of standard consistency,”

Standard specificiations adopled in 1904
st for Portland cement, conducted in the
as prescribed by the French specification
(5ce Appendix.)

lest is more simple than the steam and
and requires very litde in the way of
may readily be made anywhere without

ArT, 58. DPRESSURE 'Trsr.

ser has devised a high-pressure steam test

In this test the pats are allowed to
ce days, and arc (hen exposed lo steam
L& pressure of from 3 lo 20 atimosphercs.
has used this tesl for a number of years,
(it gives very satislactory results, and that
arried oul it enables a complele and rapid
formed on a4 cement containing magnesia, #
aceeleraled Lests, there has been much
he reliablity of this one, some authoritics

many of the best Portland coments [ail

ciety of Chemical Indusuy, vol. xn, p. g27.
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wortar, the severity of the test being greater upon
1t coments.  Dr. Erdmenger cdaims that the best
ts show no defect under this test at high pressures
atmospheres); that others may show defecls al
ressures, although safe in practice (especially in the
est), but they are not first quality; wiile cement
cannot stand the pressure test of about twelve
dheres in the sand tests should be iejected as faulty.

ART. 59, AMFERICAN STANDARD T'ESTS.

rrican Specifications commonly impose only  the
at test for soundness, although in a number of
ces the steam and hot-water test (Art. 50} is em-
. In a few specifications the boiling test (Art.
ith thin edged pats, is used.
» Canadian Seciety of Civil Engincers, in 1903,
mended the following:
Blowing test—Nortar pais of neat cemenl thor-
y worked are troweled upon carefully cleaned g-inch
inch ground-glass plates. The pats shall be about
v thick in the centre and worked ofl to sharp
at the four sides. They shall be covered with a
cloth and allowed to remain in the air until sct,
which they shall be placed in vapor in a tank in
the water is heated to a temperature of 130° T
remaining in the vapor six hours, including the time




: . "
samples shall break with a sharp, crisp ving,
ittee of the American Socicty of Civil Engi-
Y recommended the Tollowing:
ce.—"The objeet is to develop those cualities
o destroy the strength and durahility of a
it is highly cssential o determine such
nce, Lests of this chavacler are for the most
a very short time, and are known, there-
rated tests.  Failure is revealed by eracking,
lling, or disintegration, or all of these phe-
-ement which vemuing perfeetly sound is said
ant volume,
~Tests for comstancy of volume e divided
est (1) normal tests, or those made in cither
maintained at about 21° C. (50° 1), and
il tests, or those made in air, steam, or
mperature of 43° C (115° ) and upwara,
es should he allowed Lo remain twenty-four
st air before immersion in water or steam,
m in i ’
+ lests, pats, ahoul 74 em. (2.95 inches) in
em. (0.¢ inch) thick at the centre, and taper-
edge, should be made, upon a clean glass
10 cm. (3.04 inches) squarel, from cement
il consisleney,
est—A pal is immersed in water maintained
C. (70° F.) as possible for twenty-cight days,
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ted fesi.—The pat is exposed in any conve-
1 an atmosphere of steam, above hoiling water,
closed vessel, for three hours.

s these lests satisfactorily, the pats should
1 and hard, and show no signs of cracking,
yr disintegration.

the pat leave the plate, distortion may be
st with a straight-edge applied to the surface
n contact with the plate.

resent state of our knowledge i cannot be said
t should necessarily be condemned simply
o pass the accelerated tests, nor can a cement
red entircly satisfactory simply because it
these tests,

), VALUE OF TEE ACCELERATED TES&TS.

thility of the various accelerated tesfs for
the soundness of cement in use is a maller
which there is much dispute amongst au-
the subject.  These tests have not as yet come
| use, and considerable opposition has been
o them, although in certain instances they
.

stion of adopting the accelerated tests was
y the Association of German Cement Manu-
1891, and it was voted to adhere to the
st already existing, It was also slated in
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sound opinion on the constancy of volume.
its of & number of experiments are also given
cussion, showing that a number of ceinents
not withstood the &iln test were sound when
~waler al normal lemperatures, or if placed
being kept moist for several days. It may
¢ aiso that most of the discussion seemed to
y 10 the dry-lieat Lest

the leading German cement experts, however,
dvocales of the use of heat tests,  Dr. Michaelis
s approval of them, and stated that he had
cth with and used them satisfactorily for a
- years at the Charellenburg  experiment
. Frdmenger also declares that experience
the high-pressure-sieam test fo give an accurale
on of the permancenee of volume of the material.
hat most of the hest German cements have
est up to a presswe of forty atmospheres for
r5 and several for neal cement, the best of them
» cdlefeet whatever; and he thinks there s no
the statement that many good coments will
> Lest,

wischinger found that cements which had
results in the ordinary 28-day test, and also
old-pat test for a year, failed when formed
of 110 3 morlar for testing in the Bauschinger
aratus.  Expansion was detecled in six months
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for quick determinations and the 28-day
decisive), but they staie that “the boiling
ubtedly be considered as the most con-
d test for the determination of constancy
Portland cement, of sk coment, and of
er a particular test to the sub-committee
nination and repart.

Commission upon Mcthods of Testing t
 use of the boiling test as the hest method
a quick determination of the permanence
ortland cenmient, the amount of the increase
be measured directly, instead of simply
ffect upon a small pat,
the steam and hot-waler test has been

Mr. Taija, using a low temperature;
Jnited States the same test is employed
ations of the New York Department of
mperature near boiling.  Tn some instances
- has also been used in the United Stales
ers in the study of their product with very

ility of adopting some form of accelerated

of the Conventions held at Muaieh, Dresden,
1, for the purpose of adopting uniform methods
rials, by J. Bauschinger; translated by . M,
Gieseler {Washington, 18g6).

les Méthodes d'Essai des Matériaux de Construe-
aris, 18¢4 und 1895),

o




r the mutier, the results of which cl}ﬂ‘cr
viach other as Lo involve the question in
Most of these eaperiments have been
ing the action of heat vpon the various
vhicl unsoundness is usually attributed,
m the results whether the hot test gives
cation of the presence of these ingredients
The most common methad has been 1o
antity of quicklime with a good Portland
:n observe the action of the test upon the
involves the assumption that  certain
ree Jime are suflicient 1o render the cement
restlls of tests made in this manner are
Cmueh variadion, due to the nature of
Crapldity of action, and the quantity of
v may have been oviginally present in it
menls have been of much value in show-
f (e accclerated tests upon various sub-
discovering, the reasons for many of the
radictory results with them,  The question
adoption of tests of this character must,
termined by a comparison of the results
ir use upon the material as found in market
1 of the same material in practical use.
sweriments are desivable which shall system-
re the results of accelerated test upen
s with the results ol tests under normal




ates at the luboratory of the College of Civil Engincering
- Cornell University.

A carcful study of the available results of experiment
ems 1o justify the following siatements:

1. Small percentages of uncombined lime or magnesia
- the cement are commonly detected by the use of the
at tests, and the same ingredients in suflicient quantity
nder the cement unsound in ordinary use.

2. Cement liable to change of volume when employed
der nornmal conditions is almost invariably detected
hent submitied to the hot-water test.  There seems to
» no well-authenticated instance of failure to condemn
ally defective material,

3. Nearly, if not quite, all of the best brands of Port-
wd cement, and many of natural cement, as found in
ke, readily mecet the requirements of these tests,
tich therefore do not impose so severe limitations
on the choice of cement as is commeonly supposed.
ith natural cement the results of these tests vary some-
ut with the character of the cement, and the same
ts do not scem to be universally applicable. This,
wever, is a matter which can only be determined by
reful experiment upon cach of the various classes of
tural cement.  Many of them bhear the severc tests
ly as well as the Portland,

# Methoden und Resultate der I'rufung hydraulischen Binde-
ttel (Zurich, 1893).
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mal temperatures in fresh water,  These
he most part seem o Tail if kept in dey air
teel 1o the action of sea-water.  Apparenty,
unsoundness may exist which is suflicient
change of volume to take place in a short
ater or in a onger time in dry air, while in
he action o the expansives takes place
y to the mortar. This is shown by the fact
mortar which had failed in the boiling test
of mixing, afler being kept several months
r, and then subjected to the boiling test,
o stand the test perfectly, showing that the
¢ expansives must meanwhile have taken
vera] instances pats of cament acting in this
found o blow in dry air.

indness of cement condemned by the heat
hie montar s to bhe kept submerged in fresh
refore, in many instances at least, question-
e large serics of tests made by Prof. Tet-
[ 1309 sumples of Tortland cement 17 failed
¢ el all of which also failed in o long tme
vhile only 2z were defective in long time in
ater. In the tests made by the author, the
[ Iailures 1o tolal number of samples is less
h, 5in 53, and 3 of the 5 saumples which were
the hot test were later disintegrated when
fresh waler.

cness of the cement has an important bear-
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erial be sifted ont, and only the coarse par-
wed in the test, the slower action in the larger
ay cause distortion and cracking o take
cther the same «ifierence usually follows in
has not heen satisfactorily determined,
nd cement which containg free lime in suffi-
ity o cause it Lo swell in the hot test may
be niide to pass that test by adding a small
[ sulphate of lime. The action of (his salt
ctling of cement has already been discussed
The rules of the Association of German
akers permit the addition of a small propor-
hate of lime for the purpose of regulating the
ing, and conclude that no injury is thereby
e cement.
m of the sulphate of lime to correct the expan-
of free lime is but imperfectly known. The
- causes cement confaining free lime to pass
ts is well known, but whether the corrective
tends to the action of the expansives when the
used under normal conditions has not as
lisfactorily determined,
ngest objection that has been urged against
hot tests is that they fail to detect free lime
sence of the calcium sulphate. The justice
cction can only be decided by cxperiments
over considerable periods of tme to deter-
her the material so passed is sound under
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xpernmentat stage, and hurther experiment 18
o determine more fully the connection be-
resulls of wsts and the aetion of the cement

resent colditions it muy be said that the
m s [airly against the soundness of 4 cement
pass the hot-water test and in favor of that
ceeds in passing ity but variations in the
1 in the conditions witer which it is employed
the results, and they cannol be relied upon
inty for all material. Upon ordinary work
in fresh water there is probably no consider-
r of unsoundness in the use of any good brand
althongh failure =ometimes occurs; but for
mportant works, and particularly those (o he
o (he action of sea-water, it is reasonable to
' ests as are likely to insure good material,
> risk of excluding other good material,

Art. (1, AIR-SLAKING.

es fresh coment, when first opened after being
ill, if tested at once, show an abnormally rapicd
tting, and subscquently harvden very slowly,
short-time tests very low Lensile strength may
1f, however, this coment be exposed to the air
lays, it may resume its natural rale of setting,




ety of air-slaking In lesling  coment s
r some cngincers, upon the ground that
be used in the work will not Tie treated in
mer.  In England it is customary lo give
: 10 all cement 1o be used upon important
ast ten days, bul in the United States the
mmonly used just as received [rom the
1l practice scems to favor air-slaking in
probably w cement capable of regaining
mdition in a few days' exposure will not
work, cven if used at once, hut it would
better in using such cement o air-slake
ore using. It may be remarked, however,
ng docs not ordinarily scem necessary.
commonly placed upon the markel by the
locs nol heed it.  While it may be allowable
wterial the benefit of the operation, probably
of rejection would occur on account of ifs

nstances the cffect of air-slaking a cement
lisappears with time; that is, the strength
- after three or six months may be as great
d Lefore as for that mixed after air-slaking,
difference of strength on a test extending
ays is very considerable. This would indi-
ssity of air-slaking the whole of the material
sth is to be developed in the work, although

ta
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though this also disappear in the second

on 15 simply as 1o the quantity of the ex-
homay be present without danger w the
Vit is used. i




CHAPTER VIIL
SPECIAL TESTS.

ART, 62. THRSTS OF ADHESIVE STRENGTH.

Trr ability of cement mortar to firmly adhere to a
face with which it may be placed in contact is onc
its most valuable properties and quite as importang
the development of cohesive strength. Tests for ad-
ive strength are not commonly employed as @ measure
the quality of the maiterial, because of the uncertain
wacter of the test and the difficully of so conducting
as to make it a reliable indication of value. The
hesive properties of the coement are to a certain extent
led into play in the tensile tests of sand morlar, and
y be inferred from @ comparison of neat and sand tests.
Adhesive strength is developed more slowly than that
cohesion.  The difference between the two, which is
lly considerable during the carly period of hardening,
gradually lessened with time.  This is ilustraled in
: greater time required for sand mortar than for neat
nent o harden,

Experiments upon the adhesion of mortars to various
hstances are sometimes made, both for the purpose
comparing various cements or methods of use, and to

cly the relative effects of various kinds of surfaces.
206
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tar of the ardinary form for tensile speci-
e other hall & block of stone, glass, or other
he uscel, of the same seclion as the mould
o and suranged to be held by a special dlip
-machine at the other.

ny il Switzerland the apparatus shown in
cmployed.  The testpicee is shown at a;

N

| AR

4

IF1g. 28,

tion of 1o square centimeters—twice that
b tensile specimen. The maovtar end s
a wedge shape ta catch the upper dip of
nachine, while the other end is formed of
ped of marble or ground glass for standard
L ocylindrical groove cul in its side, which
pecial clamyp (shown at ¢). This clamp is
ws, in the lower clip of the testing-machine,
L d. VFor forming the Driguettes moulds




LBl LWESts I CONTp Ly CHLHCTVTIL Materials,
amount of labor involved i the prepara-
locks, and the difficulty of getling always
ace, has been i bar to the extension of this
und glass has been more commonly em-
same  blocks being repeatedly used. Dr.
also used for this purpose standard Llocks
rtar, of the same form, which are casily
“more uniform in material and surface,

an  Conference on Methods of Tesling,
ned, did not deline a standard test, but
naticr to a sub-commitice, with the recom-
al the German apparatus just c¢lescribed

I commission recommend the use of a
louble T form, suggested by M. Candlot.
1 Tig. 29. A mould is employed, made to
alf the briquette, which is st down over
be used in forming the specimen.
rendations of the commission are as follows:
mpare the adhesive strengths of cements,
itted to the tension test a briquette of the
n, shown above, cach of the materials o
stituting half of one of the speciimens.

rd tests, intended to compare the adhesive
arjous cements to the same material.
standard adhesion-blocks are prepared of
sed of one part, by weight, of artificial
ent, passed through the sicve of goo meshes

e ——
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k. The adhesion-blocks arve immersed in
fter twenty-four hours, and kept thus until

LT{ii’ s
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cast for twenty-cight days. When they ave
|, they are dried and the surface is smoothed
paLper,

stanclavd  plastic mortar (see Arl. 44) is
it these (ests, introduced by the pressurce
)l into the moulds, placed in such manner
wlard adhesion-block forms the base. The
removed from the mould when completely

briquettes are tested in the same manner
same periods preseribed for tensile tests.”
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1 can be moulded, the block may be made
vay as the standard block. 17 the material
te several millimeters thick may be formed
ice dressed. This is placed in the bottom
and the Dlock filled out with neat cement.”

\RT. (3. CHEMICAL ANALYSIS.

malysis is of very greal value in the study
rtics of various cements, and is commonly
manufacturers in regulating the qualily of
5. It is not commonly wsed for the purpese
g the quality of a cement, and is not of
as a test for the reception of material.
ty of the cement depends not only upon
nts Deing  properly proportioned, but also
¢ of combination of the ingredients, and this
nds upon the manipulation given the mate-
ifacture,  Analysis shows the proportions of
ngredients, but does not show their state of
The resulls of an analysis may show
iposition is such that a good cement may he
the ingredients, bul other tests are necessary
cther it has been made.  Chemical analysis
cr, prove a cement lo be bad through ils
bjectionable proportions of ingredients known

+ T ——— Y e P =B



dnnot be aclecied DY aliddysis, & LD
necessarily cdependent upon the propor-
¢ or magnesia present,

specifications, devised by M. Guillain,
ment reject those containing more than
- acid, or sulphicles in appreciable quan-
c containing more than 4% of oxide of
ive less than g4/100 for the ratio of the
his of silica and alumina to the weight
to be regarded with suspicien,

ntage of volatile elements in a cement
nsufficient burning or deterioration with
nsure 1o the air,

states that a chemical analysis may be
g the adulteration of cement, sometimes
wrope.  Upon sifting the cement and
yzing the coarse and fine portions an
ement should show practically identical
wo analyses. He also states that blast-
ich is & common adulteration in Portland
ywmetimes be discovered by the odor of
rogen upon treating it with hydrochloric

tandard Specifications for Portland Cem-
1go4 recommend the following as a re-
hemical composition:  “There shall be
e, that is to say, the proportion of lime
:ater than is necessary to saturate silica




Cement of the American Society for Testing
in 1904 recommend the following require-
Yortland cement: “The eement shail not con-
than 1.75 per cent of anhydrous sulphuric
}, nor more than 4 per cent of magnesia

o} Aunalysis—The following mecthod ior the
f cement was recommended by committee on
in the Analysis of Materials for the Portland
wlustry, of New York Section of the Society
al Industry.*

. suggested by Clifford Richurdson, Jor ihe
of Limeslone, Raw Mixvture, and Portiand
roposed for (rial by the comnrilice and modi-
ordance with the suggestions of W. I Hiile-

i—One half gramme of the finely powdered
is to be weighed out, and, if a limestone or
mixture, strongly ignited in a platinum crucible
blast for fiftcen minutes. It is then trans-
an cvaporating-dish, preferably of platinum,
ke of celerity in evaporation, covered with a
s and 10 cc. of HC], diluted with about so ce.
wdded.  Digestion on the water-bath is allowed
or about 15 minutes, when the substance should

nal, Society for Chemical Industry, Jan, tg, 1902,




sLwith -1 ce. of strong HCL, and then with
cr as the dish will comfortably hold. ‘The
1 replaced and digestion allowed to go on
cs on the bath, after which the solution is
he separated silica washed thoroughly with
The filtrate is again evaporated to dry-
sichue, without  further heating, taken up
wd waler and the small amount of silica it
arated on another filler-paper. The papers
e resicdfue are transferred wet to a weighed
acible, dried, tgnited, Arst over a Bunsen
hon of the filler is completely consumed, and
the blast for 30 minutes and checked by
isting of 1o minutes or to constant weight.
[ greal accuracy is desired, is treated in the
h about 10 cc. of HI' and four drops of
evaporaled over a low flame to complete
1e small residue is washed, finally biasted,
weighed,  The  difference  between  this
the weight previously obtained gives the
lcn
wl FeaQOy—The Nlirate about 250 cc., from
waporalion for S$iQg, is made alkaline with

o reinains undecomposed it should be separated,
little N, L0y dissolved, and added to the original

ury control work in the plant lnboratory this cor-
crhups, he negleeted; the double evaperation never.
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e filtrale, the precipitate is dissolved in hot dilate
the solution passing into the heaker in which the
itation was made. “Uhe aluminium and iron are
eprecipitated by NILOIT ‘The sceond precipitate
scted and washed on the same lilter used in the first
ce. The filter-paper, with the jrecipitatey is then
| in o weighed platinum cracible, the paper humed
( the precipitate ignited and finally blasted 1o
s, with care to prevent reduction, cooled  and
] as AlyOg and 1oy

o)y —"Uhie combined iron and aluminium oxitdes are
in a platinum crucible al a very low temperature
bout 1o grammes of KITSOy, the melt taken up
ot waler and 25 ce. of dilute 1,80, ‘I'he clear
1 is then digested on the steam bath for about
wites, and, if accuracy is desived, the small amount
s [ltered ouwt, weighed, and corrected by TIEF
5504 The fltrale is reduced by hydrogen sul-
boiling out the excess alterwards whilst passing
hrough the finsk, and titrated with permanganate. |
10.—T'a the combined Glate Trom the AlaQ)y and
precipitate a few drops of TINGOIT are added and
lution brought to hoiling,  ‘T'o the boiling solution
of a saturated solution of ammonium oxalate are

s precipitate conlains TiCk, 1.0, Ml
this way only is the inluence of titaninm to Le nvoided,
orrect vesult obtained for iron,




laced wel In a platinum crucible, and the paper
[ over a small ame of a Bunsen burner. It is
«l, redissolved in 1ICI and the solulion made
il 100 ceo with water. Ammenia is added in
eas and the Hoguid is boiled, The small amount
which is separated is filtered out, weighed, and
nt ackded (o that found in the rst determinalion,
W accuricy is desived. ‘The lime is then repre-
by ammonium oxalale, allowed 1o stand until
wshed, weighed # as oxide by ignition and blast-
stant weight, or determined with standard per-
“,..1.
—The combined filtrates from the calcium pre-
we acidified with TICL and concentrated on the
I to aboul 130 ¢, 30 e of Na(NH IO,
I, and the solution transferred to a beaker and
r several minutes. It s then removed from
and cooled by placing the beaker in ice-walter,
ling, NH4OT1 is added drop by drop, with con-
ing until the crystalline ammonivm-magnesium
sphate begins to form, and then in slighl excess,
g being continued for several minutes.  Itis then
for several hours in a cool atmosphere and
‘The precipitate s redissolved in hot  dilute

Jume of wash-wiler shonld not be too Iarge.
curacy of this methad ndmits of eriticism, but its con-
Nl rapidity demand its insertion.




,’IC(J to stand for about two hours, when it is lltered
aper or i Guoch crucible, cooled and weighed as
PO,
Ko and Nugl)~TLor the determination of the alka-
the woll-known muthod of Prof. J. Lawrence Smith
be followed, cither with or without the addition of
Q) with the NITLCL
§0)q.—One gramme of the cement s dissolved in
~of LICY, filtered and the residue washed thoroughly #
The solution is made up to 250 cc. in @ heaker and
. To the boiling solution 10 ec. of o salurated
don of BaCla are added stowly drop by dropy from o
tte and the boiling continued undil the precipitate is
formed.  IC is ten set aside over night, Altered,
ed and weighed as BaSOy,
Total Sul plar-—One gramme of materinl is weighed
in a huge platinum craeible and fused with NugCOg
a Hutle KNOg, heing careful to avoid conlamination
1 sulphur o the gases from the souree of heate “Fhe
Uis treated in the erucible with boiling water and the
id poured into w tall, nwvow beaker and more hot
er added unti) the mass is all dissolved, The solu-
Cis then Altered.  The filtrate contained in o No. 4
ker is to be acidulated with TTCI and made up to
ul 250 ceo with distilled water, Doiled, the sulphur
cipitated as BaS0, and altowed 1o stand over night,

* Bvaporation o dryness is unineecssary,



G} ‘T'rsts ror HOMOGENEITY.

various  lests have been proposed  for
of detecting the adulteration of Portland
setesls are not usually of a nature in-
se in specifications for the reception of
may somelimes be of use in studying the
of various hrands of cement or in classi-
1wl of doubtful character. The materials
t with as adulterations include powdered
shale, Dlast-furnace slag, hydraulic lime,
he nature of the tests depends upon that
aion o he discavered.
c-gravity  lest is sometimes ulilized for
the forcign matter being lighter than
dilferences, however, are so small that
1 s rather an uneerlain one,
nination of the loss upon ignition may
senee ol forcign maller conlaining vola-
while clriemical analysis, separating the
se parts of the cement and comparing the
wiimes resoried o, as stated in Art. 63
Trst—The use of the wicroscope for
of determining the character of the sub-
nt in cement has often been  propose,
telier made o careful study of TPortland
camining sceetions of underground  clinker




city.  Attempts have alio been made to
> character of the cement by studying the
h the powder is composed under the micro-
sortland cement, it has been observed that
rtion of the ccment is composed of grains
rm and metallic lustre, and that the parts
pearance are probably inert. It has also
hat the color of the grains scems to bear
1 to their value in the cement.  Turther
rcal more positive indications of value based
roscopic appearance, but it scems unlikely
hod will be applied to the determination of
tice.
i homogencity, the employment of an ordi-
ing-glass may perhaps give useful results,
o made @ study of the matler and presented
the French Commission upon Methods of
Tials, recommends that the malerial to be
sifted through the sieve of 4900 meshes
enlimeter and the portion retained by that
d in the examination, on account of the
observing the graing when mixed with the
powder. I is also suggested that two
sed: the first of a powder of about three
examine the general appearance and uni-
¢ material; the second of about cight diam-
¢ in detail the various grains. The material
on a black surface to be examined, The



rticles is not necessarily the same as in the
ions, or at lcast the proportions of the various
s may not be the same.

ret found that pure cement, thoroughly well
rave “grains all of the same appearance, black,
angular, hard, and with a rough fracture.
1h a drop of water they show at first no change
~several minutes a sort of halo appears, pro-
- the beginning of crystallization of the soluble
ds. These grains color immediately in hydro-
cid to a yellow, but are completcly dissolved
culty.

less burned gives grains equally opaque, but
less deep, varying to brown, gray, or greem.
lerburned rock gives gray or yellow grains,
ush easily under the point of a knife, and are
by acids with the disengagement of carbonic

\ instead of material prepared in the labora-
thoroughly homogencous, the residue obtained
rket grades of cement is used, the appearance
lifferent cven if the material be of best quality.
yr is less deep and the material appears very
weous.  Such coments contain always, with many
hlack, brown, or green grains, a large number
vitreous material, green, yellow, and white, with-
1ining foreign matier.”




right  colors, blue, green, violet, red, and
¢ materials are usually soft and porous.”

in Dblack and Dbrilliant grains, with con-
cture, is found in all the specimens, and
n‘l!

bris of flint [rom the millstones is not easily
(| from certain underburned cement grains;
he gray morsels, hard and opaque. They
the cement grains in not being attacked by
icds.” :

pearance of grains of slag vary according
we of the stag.  Commonly, the grains are
& bluish-gray color, and smooth, clean
sometimes the grains are vitreous and black.
lar slags employed in making slag cements
nd leave few grains.  Their débris has the
- of colorless glass, or ting of yellow or green,
e casily under the point of a knife.”

ers give round grains, usually more clear in
the grains of cement.”

n added to cement clinker before grinding may
> white crystalline grains casily seen.  They
ntified by their hardness und solubility, Plas-
cult to recognize, because it grinds fine and
rystals.”

laster has been added to cement, it may some-
letected by scparate analyses of the fine and



ne niatiite b et ylehc lodhiddc aldt benzlie,
ghtly below that of cement and above thal
separating by its means the cement from
tion. It is thus deseribed by Prof. Le

operation is the preparation of a liquid of
ty for the separation,—2.95 for cxample,
I the cement sinks to the bottom and the
the surface. To prepure the liquid add to
¢ duodicde of density 3.1 a small quantity of
ping the moement a crystal of aragonite of
just remains at the surface. Tt is well not
nixture diveetly, but o mike two mixtures—
le lighter, the other @ littde heavier, than
soupght;  thus oblaining 4 more progressive
binowe casily reguliged.”

tralus consists of a glass tbe (Fig, 30)
s ineiameter, 7o millimeters high, widened
al lop and terminated al botlom in a point,
e, 1 millimeter in dinmeter, This orifice
the interion a little above the Lotlom, by a
stopper, fastened 1o o long glass rod, which
he top of the ube,
:an experiment, the stopper is wet with
¢ s dissolved by the liquid), to prevent
vo grammes of cement are introduced, then
entimeters of liquid (density 2.93). It s
| in a lively manner with a small platinum

UL



at the botiom and the slag at the top. The

D

|

Fia. jo0.

emery is lightly raised by the rod to which
d, letting out the cement and part of the liguid,
1 replaced. The cement is caught upon a
gh which the liquid passes into a flask, when
for another operation.

g and remainder of the liquid are received
1er filter. Finally the tube and filters are
h benzine and dried; the cement and slag
|, and analyzed chemically if thought proper,”




Awr, 05, ABrasive ['rsTs.

Le used for sidewalks, Noows, or avtificial
times submitied to tests for resistance 1o
is test s frequently cmployed in Ger-
pparatus  designed by Prof. Bauschinger
This apparalus consists of a cast-iron
timelers in diameter and 3 centimelers
1 to rolale horizontally at about 20 revolu-
ute,  Specimens 6 X6, 10X10, or 12X12
 seelion are employed. They are held
. with a pressure of 3o kilogrammes, and
[ stanclared sand are added {or each 10 turns,
siven, and the Joss in weighl of the specimen

ws a similar apparatus made by the Richle
-machine Co., and used for brick and stone
on lests, when employed, are usually made
t cement and sand morlar. The test of
d in practice is evidently the more npor-
e (0 abrasion varies with the character of
d for sand mortar depends upon the adhe-
ment to the sand and the hardness of the
. Sand mortars with moderate propor-
give better resistance to abrasion than neat
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m. The porosity may ofien be a matier

as affecting the durability of mortar
e action of disintegrating agencies. These
cmployed, for the reception of material.
epends to & much greater extent upon the
er used in gauging, and the degree of
e in {forming the briquette, than upon
f the cement or sand employed, although
inencss of these materials has some in-

porosily consists in determining the ratio
of voids to the total volume of the mortar.
of determining when the voids are com-
ith liguid, or when the mortar is quite
» process a somewhat uncertain one, and
- dehinite procedure be followed in order
wordant and comparable results,

usually followed is to measure the total
ie and the volume of material: the volume
1 the difference of the two; this divided
ne is the percentage of porosity. To
tal apparent volume, the simplest method
block of such form that it may be directly
1en this method is not employed the total
obtained by weighing the hlock in a satu-
in water and in the air; the difference
o weights is the weight of water displaced,

C ok ma wenme ml . ax




change during the weigliing.

Hlain the volume of solid material in the block,
erence between the weight of the block when
air, wd of the saturated block in water is ob-
This difference is the weight of water displaced
I materinl. To secure goed results the entire
in the first instance and the complele situration
ceond is essentiid,  The Toek may e placed in
ry air for a period sullicient to permit the weight
me constant, For this purpose iU s necessiary
¢ temperature be the sane inall cases, as the
of hygrometic waler given off depeneds upon
pertire of deying; 100° to 110° 1Fahr, has heen
wes employed, and is recommended by the Freneh
ssion on Standard Tests. After (he dry weight
ined, considerable difieulty: may e experienced
ng complete saturation. 1 the Dlock be simply
erel, adr will Tie retained in the voids, and o long
required 1o oblain o constant weight. Boiling is
nes resorled to, Dub has the disadvimtage of
5 causing change of volume in the mortar. The
cthod ol expediting the Lest 15 o exhaust the air
ing the specimen in water under the receiver of
pump.
- Tetmajer recommends # that o temperitlure of

hotlen iind Resultate der Profung der Hydeandischen Binde-
Zurich, 1Koy,
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el by measuring directly the volume of
«l. For this purpose an appuvatus is
hois overy similar to the Schuman volu-
£ 5 but with a removable cover to the
he specimen,

67. 'I'usTs Tor PERMEARILITY.

Wbility of morlar is quite distinet from
wl the more porous is not necessarily the
le.  Tests for permeability, like these for
ieresting and important in the studies of
of maortar, bul are net suitable for use
ns for the reception of material. The
or permeibility is made by forcing water
e of mortar under pressure. This may
«l cither by subjecting the mortar directly
e of a considerable head of water, or by
block of mortar to a small pressure from
wiler above, while the air is exhausted,
‘i vacuum below, The latter methed
ally preferred in Europe, although  the
n mide standard in France.

us shown in lig. 32 has been frequently
hese (ests. Tt consists of a heavy cylin-
(@) with o ground upper edge, upon which
itted the second eylinder (d).  The speci-
i seetion of 20 square centimeters and




A ground-glass stopper covers the eylinder (8)
arries the gradualed wh {e), which has a capacity
5 cubic centimelers and is graduated to 1/2 centi-

o




cylinder and the cover clamped down, the
ed from g, the stop-cock closed, and the
e filled with water to the zero mark.,  The
ater percolating through the specimen may
from the scale for any desired unit of time.
emenl shown in Fig. 33 is also used to
n LBurope. It consists of a hollow cylin-

e, 3.

110 millimeters in diameter and 200 milli-
of the mortar lo be tested, into the top
155 Lube is set with neat cement, In making
bher tube is conneeted with the glass tube
vessel placed at such an clevation as will
sure desired, which varies according to the
tested,

block, arranged as shown in Tig. 34, is
ly employed.  For this purpose the stand-




ssodl by the number of liters of water which trans.
a cube with faces of g0 square centimeters during
n Lime,
he water is supplicd by @ glass tube 35 millimeters
ameler and 1ro millimeters high, scaled vertieally
e aid of neal cement upon the upper faee of the
The upper end of the tube s connected by
1 tuhe with a reservoir vtised o elevidion cor-
nding (0 the head desired. The heads adopled,
ding to the permeahility of the mortar, e o0
v rmeter, aud 10 meters,
clore the test is madde, the blocks should he im-
ol for 48 hours, with sach preciiations its are neces-
o secure as compete sataration as possible. After
ning the experiment the block s kept completely
T,
he rate of filtration is determined after 2.4 hours,
s, 28 diys, 3 monihs,
he determinations are made for three blocks, the
- results Deing taken for the two blocks most con-
nt,
“he standard test for permeahility is 1o he made upon
fard plastic mortar 28 days old, kepl under water,
‘or tests upon mortars of dilferent dages and com-
ions, it i recommended W oemploy 1 o 2 and
mortars made plastic, and 7 days, 28 days, and 3
thy old,”
1w permeability of mortars o gases is a matter
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frequently made upon cement mortars to
- cfleet of freezing before setting or while
still comparatively {fresh, for the purpose
i the safely ol using the mortar in freez-
w the best method of so using H.
aie usually made by exposing briquettes
cmperatures, cither by taking advantage
temperalures, or by using a freczing mixture
g the results of tensile tests upon briquettes
N those kept under normal conditions.
is kind may be of much value in showing
propertics ol various maderials, and often
resting results. They are to be used with
wver, in determining from them the probable
ing upon work in which the mortar may be
ently the results of briquette tests, and the
material in large masses in construction are
Nk Injury to work may perhaps result not
e tnjurious ceffect of frost upon the strength
al, hul also from expansive aclion upon the
ary aller selting, while stiil too weale to olfer
lance to distortion.



ome  faboratories o e custam W makge tests
yiekh of mortar obtained from given weights of
aterials employed.  This may  sometimes e of
ance as allecting the cconomy of use of viglous
als, while o study of the diffurences obtainad with
W miaterial Is Interesting,

ondueting sueh tests it s evidently necessary o
a standard method of gauging the ingredients, the
> of the resalting product being much affected by
ons in manipulations, Che method employed s
r 1o measure directly the volume of paste oblained
dng to standard consistency a unil weight of neat
L or of cement and sand in proper proportions,
is purpose the paste Is put in o pradunted glass
r, care being taken 1o climinate all of the air-
5,

ctimes the test is made by making Dlocks of the
which are allowed o sef, thelr volumes Deing
uently obtained by greasing their surfaces and
the difference of weight in air and water.

Art. 700 T'srs or SAanD.

s of the sand Lo be used in mortar are of much
in determining the relutive value of different sands
| as in studying the effect of variations in the nature,
or siz¢ of grains of which it may be composed,

pleie ests should include an examination of the
> of the sand, its fineness as shown by the amount

B = e —



ST L e
led as compared with similar tests made
sand are of most importance as indicating
¢ sund Lo combine with cement in forming




CHAPTER X,
MENT MORTAR AND CONCRETE.

ART. 71. SanDp roRrR MORTAR.

aulic cement is commonly mixed with cer-
rtions of sand, when used in construction,
and quantity of sand used, and the method
lating the materials in forming the mortar,
* as important an cffect upon the final strength
< as the quality of cement itself.

g cement, a standard sand is usually em-
his sand may be obtained cuite uniform in
n the cxccution of work, however, local sand
rally be employed; this varies widely in char-
should always be carefuily considered upon
tant work, where the development of strength
r qualities in the mortar arc of importance,

portance of the quality of sand in mortar is -

only appreciated, and but little attention is
ven to securing good sand even when the
subjected to rigid requirements.

wman, in his book on concrete, in speaking
aterials used in concrete, says: “Considering
varicd character of sand and gravel, it scems
attention should be given to the particulariza-

234
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c O L Irom an engineerthg point or view
different, even in a small arca; and to
feular as to the character and quality of
went, and apparently regardless of that of
| ravel, although the latter form 8597 1o
volume of conerete at the time of mixing,
able of vindication, especially as Portland-
ete should be a monolithic mass, and the
is to retavd induration and decrease strengith.”
ral wature of the sund does nol appear to
ortant bearing upon its usefulness in mortar.
1 15 sometimes hought 1o exercise 4 slow
ction, wnd perhaps aid somewhal in the
g of the mortar. Tt is usually the hest
purpose.  Calearcous sands are good, if not
mposed of soft particles.  Argillaceous sand
ss (lesirable, and has been found in some
pruently to cause ultimate disintegration in
dthough a smadl admixture of clay in the
sl e objectionable, and has been shown in
vs not Lo decrease the strength when present
nol exceeding 10%, of the sand.
w use in mortar should be clean, and as
un, nwd, or organic matter as possible. In
presence of any foreign matter is to be

s des PPomts el Chaussdes, 18oo, vol 1L p. 277




dIns.
sand is usually preferable to that which is
provided it be fine enough to give a smooth
it gives better strength.  The coarse sand
sss surface o be coated with cement, and
tices are more casily filled. Fine sand re-
re water in mixing in order to arrive at the
istency, and thus gives usually a more porous
fine sand may, however, be desirable when
ious mortar is the object.
: of a mixture of grains of various sizes is
sirable, as giving less volds to be filled by
t; and it is frequendly found that when the
not in considerable excess the strength ob-
such a mixture is much greater than is given
the large or small grains alone.
doubtless duc o the voids in the sand heing
pletely filled by the eement.  Large grains of
izc scom desirable where a meagre mortar is
ployed, the quantity of cement being insufh-
Il the voids and only used 1o coat the grains
1t them together,
nd is objectionable in mortar exposed to the
sea-water on account of the increased porosity.
g quick-setting cement the dryness of the
matter of importance; if the sand he damp
mixture of sand and cement is made, suffi-
isture may be given off to induce hydration

v
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- 8CL, wWas greally modihied m acuan, prob-
the hydration of the aluminate of lime.

L ten minutes in contact with sand con-
“moisture, and then sifted out, had its time
cased from a few minutes to several hours.
i was very wet, the action was more seri-
s of strength resulted.

", 72, PROPORTIONING NMORTAR.

ve proportions of the ingredients to he
wroare usually stated as a ratio of purts of
1, and the quantitics are determined cither
volume.  Cement should always be meas-
it on account of the variation in volume
cking, and the diflicully of measuring by
s in the same way, while the sand may con-
neasurcd by volume.

riions of sand and cement to be used in
depend upon the nature of the work and
for the development of strength or impervi-
he mortar.  The volume of interstices to
s with the forms and sizes of the grains of
e quantity of cement necessary to reach the
1 with different sands varies considerably.
f a given weight of sand is also greater when

ient et Chaux hydsauliques (Paris, 1891),
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for natural cements, one part cement to one
s two parts sand, and for Portland cement
ment 1o three parts sand.  1f the proportions
:ture were regulated by the value of the sand
s of economy might frequently require changes
ions, and would usually demand the use of
nd obtainable.

ncl in @ 1 1o 3 mixture frequently gives greater
ran a poorer onc mixed 1 to 2, and cither
v give equally good results in practice.

1ent in mortar must, for the best results, both
aing of sand so as to cause them to adhere to
,, and fill the volds between them. Mortar
sed to the action of water, particularly sea-
wd always contain o surplus of cement over
cessiry to fill the voids in the sand.

dlot gives as a minimwn for mortar to be
a-water a proportion of 6oo kilogrammes of
a cubic meter of sand, which is to be increascd
sement is not finely ground,

nd is to be avoided, if possible; when used,
tion of cement to be increased.

mplete filling of the voids in the sand so as to
c water from the interior of the mass and pre-
iction of the magnesian salts upon the cement
~work a matter of first importance.

he mortar is to be subjected to the action of

———




Mg ol the hme lormls a protecten 1o e
i, which is not subject, as in sea-water, o
he magnesian salts.

Art. 73. Gavcing MorTar.

cement mortar, the cement and sand are
ly mixed dry, the water then added, and
arked to a uniformly plastic  condition.
the mortar will depend upen the thorough-
speration;  the cement must be uniformly
wough the =and during the dry mixing,
hly working the mass after the addition
will greatly increase its strength. In mix-
, by the ordinary method, a platiorm or
the sand and cement are placed upon the
ayers, with a Jayer ol sand at bottom, and
andd mixed with shovels until properly dis-
ngh the mass.  The material is then formed
v o mouned with a erater at the center, and
- necessary added at once, after which the
hrown up from the sides until the water is
ancl then worked into a plastic condition,
(o secure proper manipulation of the ma-
¢ part of the workmen, it is quite common
al the whole mass shall be turmed over a cer-
of times with the shovel, both dry and wet.
& should e quickly and energetically done,




- } e

¢ until wanted, as the moisture commonly
will to some extent act upon the cement,

ge works mechanical mixers are frequently
with the advantage of greatly lessening the
anipulating the material, and also of insur-
h mixing,

ntity of water to be used in gauging mortar
rmined only by experiment in each instance.
upon the nature of the cement and sand, and
proportion of sad to cement. The water
sidered as made up of two parts—that neces-
ige the neat cement to a paste, and that re-
vet the surfaces of the sand. The first varies
th the quantity of cement, the second with
- sand.  Tine sand requires more water than
1 to reach the same consistency, and mortar
1 should be made a little more wet than when
and, to give the best results in practice. The
“water also varies with the dryness of the sand
0sity.

ount of water to be used in mixing mortar
ry masonry is such that the mortar when
nixed shall have a stiff plastic conditton. [t
- be a soft, semi-fluid mass. ‘The proper con-
s cdescribed by M. Chandlot as such that if
mortar be formed in the hand and allowed to
eh a small height, it should neither lose its
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ch it is to be in contact.

the proper quantity of water should first
by experiment, and afterward, in pre-

tar for use in work, the required quantity

ime  be added by measurement. The

ter little by litile, or from a hose, should

ed.

7d,  PREPARATION OF CONCRLTE.

ny mixture of mortar with coarse material,
or broken stone, the office of the mortar
together the picces of the aggregate and
between them.  In enginecring work the
crete is commonly formed from hydraulic
rm beton being also frequently wsed to
wilic concrete,
- concrete by hand the mortar is mixed
annier; then the stone is spread over the
r of mortar and thoroughly mixed with
with shovels, The stone should be
re being mixed with the moriar, suffi-
its surfaces and prevent the absorption
rom the mortar, thus promoting the ad-
mortar to the aggregate.
concrete should never, as is frequently
ed to a fluid state; not only is the result-
'~ the mortar reduced by so doing, but it
perly mixed with the aggregate to form




he work. ‘The consistency of concrete must
ince depend upon its nature and method of
catest strength may usually be attained by
whal dry and heavily ramming, the mortar
ch consistency that the concrete becomes
Ny-like, water being brought to the swrface
An extreme either of dryness or wetness
rious.
al mixers are frequently employed for pre-
rete, and are very useful in saving labor
derable quantitics are used. There are a
forms which have proven elfective in use,
s unnccessary to enter,into a discussion of

cgate used for concrete should be as havd
> as possible, and that of angular form is
o rounded.  Angular forms give & greater
the adherence of the mortar in proportion
wvhile leaving a less volume of interstices to
ith mortar.  The materials should be uni-
ality.  Where gravel is used which varies in
should be blended by mixing in order to
yrm strength in the conerete.  Porous aggre-
5 be avoided, as they are likely to absorh

When the malterials are absorbent, they
aturated in sprinkling before using, in order
vithdrawing water from the mortar before
s place,

v E———— e e
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ired o be water-tight, the amount of cement
suftficient to fll the interstices in the mix-
ned sandd, The quantity of sand necessary
stices i the stone may he determined by
e with stone as closely as possible, and
gothe quantily of water which can be
¢ measure; this gives the volume of sand
he proper quantity of damp sand be added
the meusure by shaking it down so as to
the volume of water which can then be
ure is the volume ol cement paste necessary
in the aggregate.
b ol concrete wsually varies nearly in
the amount of cement used in forming
strang conerele s desived, it shouk! Le
nercasing the richness of the mortar in
y increasing the proportion of mortar to
above the point at which the sand fills the
lat maierial. If the proportion of sand
his, the resulling concrete will he porous
wehly solidified; if it be greater, the excess
e an clement of weakness in the conerete.
of concrete in considerable masses the
the work is sometimes formed of very
, with o [acing of stronger water-tight
steet it This weak cuncrete is frequently
nitting  the sand altogether and  simply
one lightly with neat cement, causing the




1o z/10 of the volume, depending upon its uini-
ity in size.  Where there is considerable variation
ize, the veids may be somewhat lesss When the
stices are (o he llled, it s destrable that the aggregate
ain material of vidous sizes, to reduce the volume
derstices.  For this reason smadl gravel is sometimes
A with broken stone in the prepartion of conerele,
he proportions in common use for conerete of Port-
cement vivy Drom v parl cement, 2 gutrls sitnd,
g parts broken stone to 1 part cement, | petits sandl,
8 or 10 parts broken stone or gravel Uswally the
ar is made richer when natural cement s used.
proportions of course vary with the character of the
erials Lo be useed as well as thal of e work o be done,
cany only be propery determined by the exercise of
1 jucgment, in the light of experience,

Arr. 76, Yienp or Morrar AND CONCRETE.

he volume of mortar formed by mixing given quan-
s of cement and sand depends upon the densitics of
materiads andd the volume of interstives in the saned,
s aflected also by the methad of preparing the mortar,
uniformity of the mixing, and the degree of compact-
S given,
The net volume of materiuls enteving indo the compo-
on of morlar or concrele is readily found from their
ights and clensitics, but it represents only approximaldely




ent s usually sold o barrels containmg
Natural cements are lighter, and are
cls of 260 to 320 lbs. DBarrcls of Rosen-
sually contain zoo 1s.
of ncat cement paste made by a given
nt powder varies with the specific gravity
and the amount of water necessary in
lighter cements require more water and
s for o given volume of cement than the
To form a cubic foot of plustic paste
y from 75 to go lbs. of natural-cement
80 to 83 lbs. of Rosendale cement heing
about 95 to 100 Ibs. of Portland cement

il mortar, where the cement and sand
d by*volume measured loose, the quantitics
1 o cubic yard of mortar are approximately

Natural Cement, Portland Cement. Sand.
Pounds, Pounds. Cu.

. 1050 10 1250 1350 o153 6510 .70
Gj0 ' 720 80 ' 920 8o 't .8
s00 ' 575§ G20 *' 690 .93 " .96
400 '* 460 500 ' 575 1.00
320 375 4o ' 460 1.00

e

;, when the aggregate is broken stone
o, it i5 nccessary, in order 1o fill the in-
nortar, that the volume of morter be 0%,
of the aggregale. For such concrete a
ut .9 cubic yard of broken sione with .50




coment, 3 pavts sand, and g parts broken stone,
were (he stone s more ieregalar in size, ar il poavel
uller size be addal, a smatler proportion of moriar
give good results. Thus, .o cubic yind of Troken
with g cubic yanrd of gravel and L3 cubie yaod of
ar his been found to yield v cubic yard of good
rete. This, using 1 to 2 morter, gives the propor-
1 partcement, 2 parts siod, g parts gravel, and g parts
cn stone.

hen the amount of mortar used is Jess than that
aterll above, wiel the interstives i e aggrepile
ol illed, the viekl of conerete is about equal o the
ne of aggrepate eniployed,

Art. 76, Mixrurrs ar Vs ann CEMENT,

aked lime is sometimes mixed with hydraulic cement
he purpose of deereasing the cost of construction,
criments seem Lo indicate that o very considerable
endagge of lime may frequently he added without mate-
loss of strength in the mortar,

ith Portand cement the addition of lime weakens
mortar somewhat, the decrease in strength aug-
ling rapidly as the proportion of lime inereases.
fith some Ameriean natural cements it has been
il that a certain amount (sometimes 30'%, o Jo'y) of
s may be added without sensibly  deerensing the
ngth of the mortar or impaiving its hydraulic prop-
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mortar by the admixture of lime, better
ained than by using a higher proportion
ortar thus formed is less porous than that
cr proportion of sand, and it is also more
v 1o work.  Tn making the mixture the
y slaked in the usual manner and used
ste, although it may be slaked to powder
ith the cement. By the first method the
of the lime is insured,

¢ of lime causes the cement to become
he quick-setting cement being afiected
an the less active ones.

small proportion of Portland coment is
1 to hydraulic lime for the purpose of
sclling and increasing the strength of

atural and Portland cement lave fre-
ed in the United States for the purpose
> action ol the quick-seiting material or
construction.  They seem generally to
ounded of those which would be obtained
1ely.

of all these mixtures will be found to
particular cement employed, and the
be known by trial in cach instance. In
good results, the mixtures must be very
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ol injured by freezing, when frozen helore
e cement sets with extreme slowness, if at all
but after thawing it scts and hardens properly.
en for short periods—a few days—does not
wzen, but the experiments of Mr. Cecil B.
cGill Universily scem 1o show that if kept
suflicient period it may finally set while frozen.
ening of coment which has been frozen is
slow than that unfrozen, but it may vli-
the same strength.
constructed during freezing weather is fre-
wed by freczing, notwithstanding the fact
nent itseli shows no loss of strength due to
he effect of frost coming upon the work
fully hardencd is frequently to distort or
il scttlement in it, and sometimes repeated
| thawing gradually cause the mortar o he
of place or ‘perhaps to become cracked and
1 on the outside. The construction of cement
iring freezing weather is therefore usually
s hazardous, unless some meuns he adopted
g the freezing action. Many instances may,
» cited where extreme cold has not injured
ucted, without such precaution, with Portland
tar, and it is claimed by many engincers that
ay be used with impunity in freezing weather,
it is not placed in work while a freezing
> prevails. 1t is commonly agreed that most
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1y although it may not have frozen for
»after setting,

mmonly used in cold weather to prevent
ortar while it is soft. A strong solution,
uraled one, is employed.  The salt, by
czing of the walter, prevents any distorting
ion upon the work due to the change in
mortar,  The use of sall considerably
livity of the cement, and mortar may
condition at freezing temperatlures and
the temperature hecomes suflicient to

arly strength of cement mortar which
with salt waler on exposure (o low tem-
seiling s uswally greater than that of
1e sadtand exposed at the same tempera-

:alt upon the strength of various kinds
¢ dilferent. In neatly all, the strength
n air is increased by Hs use. When
ept under water, most cements have
y strength from the use of sall, which
fnal strength being somewhat reduced.
most Portland cements.  Some natural
material loss of strengih when mixed
while others arc entirely ruined by a
with or without the usce of sall,  Care
» taken (o determine the action of sait
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imes ‘x.llt mortar whuh has been exposed o low
crature may lose its cohesion if submerged soon
sething,
o has sometimes been employed 1o prevent the
ng of mortar, hut its use has not beeome exten
andl has usually proven 1m~1[1-[.u lory.
U water should not be used in mixing mortar in
ng weather. 1t not only t!r('rv:lsvh‘ the strength
: maotlar, but renders it more Hable to injury from
[Teating the stones or bricks in the construce-
i masonry in freezing weather may he beneficial,
rving to accelerate the setting and keep the mor-
om [reezing while sofl,
¢ injury done Lo the mortar by low temperatures js
bly not usually due to freezing hefore setting, hut
ernate thawing and freezing while work is still fresh,
¢ hardening s sufficiently advanced 1o render {he
capable of adequately resisting the expansive
. The effect of frost upon mortar which has sel
ilar 1o that upon stome or hrick, and is due {o the
ise in volume of waler freezing in its pores. Tis
therefore depends hoth upon the porosity of (he
woand upon the strength it possesses to resist dis-
m. The more rapied acquisition of strength by
ind cements may give them the advantage they
ss in this vead,
of. Le Chatelier, from his experiments upon the
1, concludes as follows: “Ihis disintegration, like




e void are smill, When the vouds are
ge, the dce breaks with o pressure less
ich will rupture the mortar. For this
of large sand are less aliected, the voids
d less numerous,”

0S8ITY  AND PERMEABILITY OF MORTAR.

o cement mortar depends rather upon
on of the materials in gauging than upon
he cement. When the quantity of cement
1o N1l the voids in the sand, spaces are
mit the absorption of water withoul in-
lume of the mortar,

mortar aiv-bubbles attach themselves to
the number of which is greater as the
<l more wel. Working the mortar tends
em. Voids in the mortar are also caused
ation of suiplus water used in mixing.
ter as the (uantity of water used in gaug-
| and as the sand used is finer.

bilily of cement mortars varies with the
cement and the circumstances of its usc.
t Portland cement may be made practi-
e wider o considerable head of water;
of cement and sand seems always more
ble, hut when properly proportioned and
Iy permits very little water 10 pass.
bility of mortar decreases rapidly with

.




Macks of martar be submitted to the continuous
qon of water, the permeibility  diminishes  very
y, and after o fow wonths all mortars, except
cof very coarse sandand feeble proportion of
ut, become practcadly impermeable.

th the porosity amd permeability e less for
ar vich in cement than for that in which the pro-
on of cement is smalll Mortar mixed dry is pene-
d more readily Qi hat mixed to aplastic or semi-
condition,  With the lapse of time, however, the
s vl drey, d6f constantly exposed to waler, ap-
ches the others in resistance to peemeation, The
oughness of mixing and degree of compacting em-
ed arc more important Jactors than e absalute
ity of water used in mining.

ne sand, according o e experiments of N Alex-
e, tenders the mortae more: porous and less per-
ble than course sand. When the sand is of varying
s both the porosity and permeability may he low,
my case, o atlain @ reasonable resistanee to pene-
on, it is necessary that the interstiees in the sand
entively (lled with cement, Cleanliness of the sand,
freeclom from all foreign malerfal, is of first impor
‘¢ in the preparation of impermeabie mortar.
Tasonry of odinary brick or stone can only he made
servious by the application of a couling of some
doto s face. A plastering of neat coment ay vich
riar may sometimes be used for this purpose, and




bpoen WIUD DdaUNTY, 10 Codtl Lhe I1ace ol
v order that concrete may be reasonably
- necessary that the quantity of cement
repanng it be sufficient to All the voids in
U employed, as well as that the voids in
pletely filled with cement puste in mak-

NSION AND ConTrACTION oF MORTAR.

~large masses of masonry or concrete
s hiuble 1o occur in the volume of mortar
become of importance, and it may be
e provision by which changes in dinien-
e without injury to the work,
t of cxpunsion for neal cement under
cat is, as previously stated, about the
n, although it may vary in individual
mortars containing sand, the cocflicient
eilt cement.
- considerably in their behavior during
of the hardening process, as to the
es place in the volume of the mortar,
t i apt to swell and become distorted
ement of the process of disintegration,
ny considerabide change of this nature
ohable destruction of the mortar, Per-
nent, although not altered in form, is
somewhat in dimensions during hard-
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the American Society of Civil Enginecrs, found that
for small biocks of mortar the change was the same in
all directions; that for neat cements the linear con-
traction in air varied from 0.19%} to 0.32%, for the first
twelve weeks after mixing, and the linear expansion in
water varied from 0.04%, to 0.25%,. When sand was
used the change was less, giving a contraction in air
from 0.08% 10 0.179, and an expansion in water of
from 0.00%, to 0.08%,.

The rapidity of the change varies somewhat with
the activity of the cement; the conclusion being that
a quick-sctting cement changes more in volume than a
slow-setting one.

Further experiment is desirable, that the action of
the various classes of coment may be betier understood.

ARrT. 80. ErrFECT OF RETEMPERING MORTAR.

Masons frequently mix morlar in considerable quan-
tities, and, i the mass becomes stificned before being
used by the setting of the cement, add more water and
work again to a soft or plastic condition. After the
second tempering the cement is much less active than
at first, and remains a longer time in a workable condition.

This practice is not usually approved by engineers,
and is not permitted in good engineering construction,
although there is some dispute as to its injurious cffect.
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ortar so treated is very slow at first, but
cntly (the tests extend over three years)
strength as when gauged immediately

quently claimed that the adhesive prop-
r are improved by giving it the “second
nmon practice of masons who set fire-
1 similar work is based upon this ideu.
ment to determine this point would be

of experiments other than those already
ecmed 1o show that in some instances
to mortar by retempering, some cements
to set the sccond time. TUntil more is
action of the material when subjected to

it secems advisable to mix only such
ce as may be used before the inital set
and to reject any material that may have
g placed in the work,

des Ponts et Chaussées, 1888, vol. I p. 375.




APPENDIX.

TIONS FOR THE RECEPTION
OF CIEMENT.

GENERAL REMARKS.

sion which has been given of the various
cement, the requirements of specifications
sicered, but it is thought desirable to
actual speeifications to show the require-
I in practice.

ttions recommended by the committee of
Society of Testing Materials for use by
neers are first given.  These specifications
rred as the standard of the best American
ent, although many specifications in com-
~in important particulars from them.
ifications of cxisiing practice al the time
n are recommended by these specifications,
od of testing soundness und in the use of
¢ {or rate of sclting.

Standard Specifications recommended by
ng Standards Committee” in 1gosare also

257
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itions, but depend upon the reliability of
or perhaps upon occasional examinations
at the material is up to standard. This is
the practice upon ordinary railroad work,
¢ instances, where the use is continuous and
tracts may be made for the material, is quite

ems, generally, to be no good reason for
cifications in an indcfinite manner. The
o be imposedt may as casily be plainly stated,
ave no doubt as'to the requirements,

A,
AICAN SOCIETY FOR TESTING
MATERIALS.

XT OF COMMITTEE ON STANDARD
SPECIFICATIONS FOR CEMENT.

GENERAL OBSERVATIONS.

: remarks have been prepared with a view of
1t the pertinent features of the various require-
the precautions to be observed in the interpre-
he results of the tests.

ommiltee would suggest that the acceptance or
ander these specifications be based on tests
n experienced person having the proper means
r the tests, '




tions,
~The sieves should be kept thoroughly dry.
fling.—Great care should be exercised to
st picces under as uniform conditions as
lden change or wide range of temperature
which the tests are made, a very diy or
ere, and other irregularities vitally affect
ng.
rength—Each consumer must fix the
rements for tensile strength to suit his
They shall, however, be within the

of wolume~—The tests for constancy of
ded into two classes, the first normal, the
ted. The latter should be regarded as
* test only, and not infallible. So many
into the making and interpreting of it that
ol with extreme care.
o the pais the greatest care should be
oid initial straing due to moulding or to
g out during the first twenty-four hours.
Il be preserved under the most uniform
ible, and rapid changes of temperature
ded.
e to meet the requirements of the accele-
| not be suflicient cause for rejection.  The
owever, be held for twenty-eight days and



1soundness, nor can the cement he considered
sfactory simply because it passes the tests.

NDARD SPECITICATIONS FOR CEMLENT.

al conditions.~—All cement shall be inspected.
nt may be inspected cither at the place of
re or on the work.

ler 1o allow ample time for inspecting and testing
should be stored in a suitable weather-tight
wing the floor properly blocked or raised from
..

-ement shall be stored in such a manner as to
v access for proper inspection and identification
pment,

+ facility shall be provided by the contractor
i of at least Gwelve days allowed for the inspee-
ceessiry fests,

nt shall be delivered in suitable packages
rand and name of manufacturer plainly marked

g of cement shall contain g4 lbs. of cement net.
rel of Portland cement shall contain 4 bags,
barrel of natural cement shall contain 3 bags,
e net weight.

ent failing to meet the seven-day requircments
eld awaiting the results of the twenty-cight-day
‘e rejection.
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ith all subsequent amendments thereto.
plance or rejection shall be based on the
cinents:

NATURAL CEMENT.

.—This term shall be applied to the
d product resulting from the calcination
us limestone at a temperature only suffi-
T the carbonic-acid gas,

ravity.—The specific gravity of the cement
d at 100° C. shall be not less than 2.8,
~—It shall leave by weight a residue of
1o per cent on the No, 1oo and 30 per cent
sieve.

Setting.—Tt shall develop initial set in not
inutes, and hard set in not less than thirty
ore than three hours,

Strength.—The minimum requirements for
1 for briquettes 1 inch square in cross-
e within the following limits, and shall
ypression in strength within the periods

NFAT CEMENT.
Strength.

st alv, . oo so-1oo lhs.
in moist air, 6 days in water). 100-200 ‘¢

G Mg e ) 2007300



ey of velume.—Pats of neat cement about
liameter, § inch thick at center, tapering to a
all be kept in moist air {or a period of twenty-

pat is then kept in air at normal temperature.

nother is kept in water maintained as near
70° F. as practicable.

- patts are observed at intervals for at least
days, and, to satisfactorily pass the tests,

dn firm and hard and show no signs of dis-

cking, cracking, or disintegrating.

PORTLAND CEMENT.

ition.—This term is applied to the finely
product resulting from the calcipation to
1sion of an intimate mixture of properly
1 argillaceous and calcareous materials, and
addition greater than 3 per cent has been made
to calcination.

fic gravity.—The specific gravity of the cement,
dried ot 100° C., shall be not less than 3.10.
ress.—It shall leave by weight a residue of not
3 per cent on the No. 100, and not more than
- on the No. 200 sieve.

of setfing.—It shall develop initial set in not
hirty minutes, but must develop hard set in
n one hour, nor more than ten hours,
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NEAT CFMENT.

Strength.
stair. ........... Cheeacaaan 150-200 lbs,
in air, 6 days in water)....... y50-350 **

£F £t

27 [ 4 it L%} ......-550_()30 (X1
PART CEAMENT, 3 PARTS SAND.

in moist air, 6 daysin water). 150-200 lbs,
$OE e gg HE e S0 Y a00-300 ¢
y of volime—Pats of neat cement about
diamcter, one half inch thick at the centre,
o a thin edge, shall be kept in moist air
twenty-four hours.

then kept in air at normal temperature and
tervals for at least 28 days.

pat is kept in water maintained as ncar
practicable, and ohserved at intervals for
s,

pat is exposed in any convenient way in
- of steam, above boiling water, in a loosely
 five hours.

ats to satisfactorily pass the requirements
rm and hard and show no signs of distor-
cracking, or disintegration.

ic acid ane maognesia.—The cement shall
wore than 1.75 per cent of anhydrous sul-
S03), nor more than 4 per cent of mag-
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G STANDARDS COMMITTEE,

SUPPORTED BY

TurioN oF CIviL ISNGINTERS.
TUTION OF MECHANICAL LENGINEERS.
TUTION OF NAVAL ARCHITECTS.

AND STEEL INSTITUTE.

TuTIoN OF ELECTRICAL ENGINELRS.

TANDARD SPECIFICATIONS FOR
PORTLAND CEMENT.

preparation.—(1) The coment is (o be
timately mixing together calcarcous and
aterials, burning them at a elinkering
ndd grinding the resulting clinker. No
y maierial is to be made after burning,
lesived by the manufacturer, and if not
writing by the consumer, in which case
te or water may be used, The cement,
11l contain’ not more than 2 per cent of
- that water has been added or has heen
rbed from the air. If calcium sulphate
wore than 2 per cent calculated as anhy-
sulphate of the weight of the cement shall

d preparation for testing and analysis.—(2)
¢ cement has been bulked at the maker's




1¢ same leap, s0 dislinoulcd as 1o insure
practicable a fair average sample of the
all to be mixed together and the sample
se taken therefrom.
sauging the tests, the sample so obtained is
out for a depth of 3 inches for twenty-four
nperature of 58° to 64° Fahr,
cases where consignments are of 100 tons
camples selected as above for cach con-
her at the maker’s works or after delivery
where the cement is to be used, are to be
rt testing and for chemical analysis. Tn no
1t so tested and analyzed to be accepted or -
previously certified in writing by the con-
of satisfactory quality. Payment for such
alyses 10 be made by the consumer, the
- supplying the cement required for the
" charge.  When consignments of less than
ve to be supplied, the maker shall, if re-
certificates for each delivery, to the cffect
ment complics with’the terms of this stand-
ation, with regard to qualily, tests, and
alyscs, no payment being made by the con-
uch certificate nor for the making of such
alyses,
d it be deemed more convenient by the con-
the samples for testing should be taken at
s works before delivery, the latter are, in
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npled by him. No parcel is to be sent away
tten order has been previously reccived by
from the said consumer (o the effect that
in question has heen approved.

nd sicves.—-(6) The cement shall be ground
ith the following degrees of {finencss, viz.:
e on g sieve 76 X 76 = 5776 meshes per square
y exceed § per cent.

ue on a sieve 180X 180 = 32,400 meshes per
is not to exceed 22% per cent,

s are to be prepared from standard wire;
e wire [or the 5776 mesh is to be .co4t inch
- 32,400 mesh 0018 inch. The wire shall
ol twilled), the cloth being carefully mounted
ws without distortion,

avily~—(7) The specific gravity of the cement
less than 3.15 when sampled and hermetically
» makers’ works, nor less than 3.10 if sampled
y (o the consumer.

com position.—(8) The cement is to comply
llowing conditions as to its chemical com-
“here shall be no excess of lime, that is to
sportion of lime shall not be greater than is
o safurate the silica and alumina present.
tage of insoluble residue shall not exceed
t; that of magnesia shall not exceed 3 per
hat of sulphuric anhydride shall not exceed
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the trowel cleanly in & compact mass.
o be used for gauging, the temperature
e test-room at the time the said opera-
med, heing [rom 58° (o 61° Fabr,
nigreed as above s 1o be Hlled, without
ming, into moulds; cach mould resting
ale until the cement has sel. When the
sufliciently to enable the mould 1o be
t injury to the briquetle, such removal
. The sail Driquettes shall be kept in
here and placed in fresh water twenty-
- gauging and kept there until broken,
hich the test briquettes e submerged
every seven daves and the temperature
ed hetween 532 and 64° TFahe,

10) Briquettes of neat cement are to be
king al seven and  twenty-cight  days,
bricuettes for each period. The average
of the six briquettes shall be taken as
ensile  strength for cach period.  For
iquette is to be held in strong metal jaws,
wing slightly greased where gripped by
foad must then be steadily and uniformly
 from zero, increasing at the rate of 100
ccones. The briquetles are to bear on
ess than the following tensile stresses




hen the 7-day test falls between qoo to 450 1bs.
e inch.

hen the 7-day test falls between 450 to 500 lbs.
e inch.

hen the 7-day test falls between 500 to 550 1bs.
e inch.

vhen the 7-day test falls between gsso lhs. per
ch or upwards,

ests—(i1) The cement shall also be tested hy
[ briquettes prepared from one part of cement
parts by weight of dry standard sand, the said
s being of the shape deseribed for the neat-
csts; the mode of gauging, filling the moulds,
king the briqueltes is also to be similar. The
m of water used shall be such that the mixture
whly wetted, and there shall be no superfluous
hen the briquettes are formed.  The cement
d briquettes arc to bear the following tensile

from gauging. . 120 lbs, per square inch of section.
it (X1 ..225 [ X3 (31 (21 fe [N [ £}

nerease from seven to twenty-cight days shall not
than 2o per cent.

tandard sand referred to above is to be obtained
ighton Buzzard. Tt must be thoroughly washed,
nd pass through a sieve of 20X20 meshes per
inch, and must be retained on a sicve of 30X 30
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" and Uslow, 7 #
The setting-time shall not be less than ten
more than thirty minutes.
The setting-time shall not be less than half

“more than two hows,

"he setting-time shall not be less than two
ore than five hours*

perature of the air in the test-room at the time
and of the water used is to be between 58°
hr.

ent shall be considered as “set” when aneedle
at endd o inch square, weighing in all 23 Ibs,
ake an impression when its point is applied
e surface.

ss~—(13) The cement shall be tested by the
er method, and is in no casc to show a greater
than 12 millimeters alter twenty-four hours’
1l 6 millimeters after 7 days’ acration.
The apparatus for conducting the T.e Chatelier
s of a small split cylinder of spring brass or
able metal of o.§ millimeter (o197 inch) in
30 millimeters (1.1875 inches) internal diam-
o willinteters high, forming the mould to which
side of the split are attached two indicators
neters (0.5 inches) long from the cylinder,
el ends,

D - T T

L speckilly styw-seiting cement is requiredd the uinimum
ing shall be specified.
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nall weight is placed on this, and the mould is
ly placed in waler at 58° w 64° Falr. and
for twenty-four hours.

stance separating the indicator points is then
and the mould placed in cold water, which is
o the boiling-point in 15 to 30 minutes and
ng for six hours. Alter cooling, the distance
the points is again measured; the difference
he two measurements represents the expansion
ment, which must not exceed the limits laid
liis specification.

he tests and analyses hercinbefore referred to
o case relate to a larger quantity of cement than
sampled at one time,

ce—(15) No cement is to be approved or
unless it {ully complics with the foregoing con-

C.
S. RECLAMATION SERVICE, 1905.
F. H. NewEeLL, Chief Engincer.

nitim—The cement shall be high-grade Port-
nent, By the term Portland cement is to be
od the material obtained by finely pubverized
roduced by buming to semi-fusion an intimate
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sum of th(. silica, alumina, and ferric
be less than 1.7 to 1 nor more than 2.2
not contain over 3 per cent of magnesia
of sulphate of lime. Rut in certain cases
unts of these substances are objectionabie
chage may specify lower percentages.
m uncombined lime shall be determined
The question of adulteration may be
er by chemical analyses or by inspection
t the factory.
s will be received only from manufacturers
zed agents, and the name of the brand
all cases be stated.
- barvel or suck.—The avernge weight per
be less than 375 lbs. net. Four sacks
parrel of cement.  If the weight as deter-
weighings is found to be below 375 lbs.
ontractor may be required to supply, free
United States, an additional amount of
 the shortage.
pmaged cemen!.—1f the cement is delivered
harrels shall be strong and lined with
cement shall be free from lumps. Any
broken ot that contains damaged coment
by the United States agent in local charge.
—Samples of cement are 1o be taken from
icks with a sampling-tube in such manner
r average of the packages. They are to



wate and tested separately.  Where the results
ndicate variation in the quality of the coment,
1 barrels or sacks will be sampled and tested.
niton and lesting—No cement shall be shipped
least sixty days after its manufacture, except
ase of an emergency, and with the approval of
1eer in charge, a shorter time may be allowed,
¢ cement shows indications of unsoundness, a
ime may be required. The contractor shall
torage, in sacks or barrels, such stocks of cement
ngineer shall vequire, freec of expense to the
tates, for sampling and testing during a period
r-cight days.

pment—The engineer shall give notice in writ-
he contractor of the approximate requirements
nt shipmenis and of dates for sampling. In
the contractor shall be responsible for the de-
~the cement in good condition at the place of
awcnt.

tory inspection.~The Government engineer, or
wrized agent, shall at all times have liberty
ct the materials, process of manufacture, and
horatory records of analyses and tests at the
vorks.

ineness,—Nincty-five per cent by weight must
ough a No. 100 sieve having 10,000 meshes per
nch, the wire to be No. 4o Stubbs wirc gauge;
per cent by weight must pass through a No. 200




- be less than 3.
—Mats are to be made of neat mortar
tency. The pats are to be moulded on
cy are to be circular in shape, 3 inches
ch thick in the centre, and drawn to a
circumference, and are to be kept under
N a moist atmosphere, untl finally set.
put in water, the temperature of which
the boiling-point and kept at that point
| the pat softens, cracks, warps, or dis-
ment is unsound,
etling.-—The cement shall not acquire
less than forty-five minutes, and must
set within twelve hours. The pats
soundness may be used in determining
12, The cement is considered 1o have
al set when the pat will bear, without
indented, a wire 45 inch in diameter
onc fourth pound. The final set has
hen the pat will bear, without being
nted, a needle ¥ inch in diameter
one pound.
iquelles. — Tn making briquettes, neat
normal consistency will he used. The
roughly mixed with a trowel and kneaded
with the thumbs, a blunt stick, or a
juettes will be made from cach sample.
briquettes, the proportions shall be
1t of cement to three parts of standard

T ST



ahove shadl stod o minimum tensife strain
el as follows:

airand Odaysinwaleroooooaoo,, 450 Ihs.
gy e 530 ¢

lemortar hriguettes,  prepared s specified
stated o minimum: tensile strain per squire

W
iwadraned O divys in walero . oo, 175 lhs,
¢ i (R} 27 e [N} [N} e eeaeens aa (X}

rentcitdse - Uhe above are o he considered the
spuirements, The nead tests are 1o he con-
ess vadue than those of sand and cement,
cightaday tests must adwies he higher than
wotestss A cement may be rejected which
tany of lhe above reguivements,

D.
VITTONS TFOR AMUNICIPAL WORK IN
DELPITA, DEPARTMENT OF PUB-
JORKS.
BUREAU OF SURVEYS.
ORGE S, WensTER, Chief Engineer,
d weight—-Portand  cement only shall he

els shall contuin 370 s, net. Bags shall
s, net cach.




1se 1L Lhe chiel enginecr shall pe notinbed
1 receipt of each shipment at the work. No
e used unless delivered in suitable packages
nded,
—The cement must be protected in a suitar
having a wooden foor or platform raised
und, and may be reinspected at any time.
drand —The failurc of a shipment of cement
k to meet the following requirements may
ther use of the same brand on that work.
ment must be immediately removed from

The acceptance or rejection of a cement to
] rest with the chief engineer, and will be
- following renuirements:

avity. Not less than 3.1,

ensile strength:

1y inair, 6 days in water). .. ........ 500 Ibs.
NERANATY I AL L R Goo
1y in air, 6 days in watcr) 1 part of

3 parts standard quartz sand. ...... 170 lbs.
ay in air, 27 days in water) 1 part of

2 parts standard quartz sand. . .... . 240 Ibs,

—Residue on No. 100 sieve not over 8 per
hi.
n No. 200 sicve not over 25 per cent by

hall require at least 20 minutes to develop



of woluwme— Pats of cement 3 inches in
hall inch thick at centre, tapering to thin
cd in water after 24 hours in moist air,
signs of cracking, distortion or disintegra-
r pats in air shall also remain sound and

zilvdride (50;). Not more than 1.75 per

MgO).—Not more than 4 per cent.

for testing shall be 1 s¢q. in. area of cross-
s shall be of brass-wire ¢loth having ap-
Boo and 37,500 meshes per sq. in. respec-
jameter of wire being .coys and .oo23

requirements.—All cements shall meet such
quirements as to chemical and accelerated
chief engincer may determine. The re-
or “sct ? may be modified where the con-
ch as to make it advisable,




waka Wl ANT ol FAUl, AllL-
ANY. BRIDGE AND BUILDING
N'T.
ING T'OR PORTLAND CEMENT.
Cutcaco, Nov, 28, 1904,
L will he sampled inosueh a way as 1o
e quality of cement in the car.  Such
ested in the Company’s Laboratory,
n o the Standard Specifications for
adopted by the Commitice of the
for 'Vesting Materials in June, 1go4,
General Conditions,” Paragraphs 1 to
Strength,” which will he as specilied
orls of Lesting are these recommended
ports of the Special Commitiee “On
Coment,” of the American Socicly of
 January, 1904.
, Fineness, ‘Time of Selting, Conslancy
Amount of Sulphuric Acid and Mag-
with the specifications of the “Ameri-
esting Materials,” above referred to.

TENSILE STRENGTTL

recuirements for tensile strength for
square in section shall be as follows:
yall show no rctrogression in strength
specified ancl the sand tests shall show
least 159% between 7- and 28-day lests.




= I Jooe VWY
(one part cement to three parts sand):

lay in moist air and 6 days in water). . 175 lhs,
[} (&1 (31 R [ 21 27 (14 it (X1 ) . 250 f

GENERAL CONDITIONS,

shall be uniform in color, free from lumps and
stances, and shall have heen properly aged.
shall be delivered in suitable packages with
and the name of the manufacturer plainly
ereon.

f cement shall contain g4 lbs. cement net.
| of Portland cement shall contain four bags.
ts made by the Railway Company shall be
¢ Engineer and Superintendent of Bridges
ings reserves the right to reject, on the first
test, any shipment of coment because of failure
c above requirements, or for any other cause
nay deem sufficient,

rejected on account of failure to meet the
uirements will be held subject to the order of
r and at his expense for freight charges to and
yoint where the cement was to have been used.
J. C. Hay,

: Engr. Mas. Const.
LowEgTu,

tngr. and Supi. B. and B.
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THE SECOND PARAGRAPIH OF “SPECIFICA-
IRTLAND CEMENT ” OF THE CHIcaGo,
ND 5T Pavr RaLway CoMPANY, UNDER
. 28, 1904.

SPECIFIC GRAVITY.

vily of the cement, thoroughly dried at
be less than 3.10,

FINENESS,

- weight a residue of not more than 89
nd not more than 45% on the No. 200

TIME OF SETTING.

p inilial set in not less than thirty
develop hard set in not less than one
\n ten hours,

DNSTANCY OF VOLUME,

ment about three inches in diameter,
¢ at the centre, and tapering to a thin
¢ in moist air for a period of twenty-

ept in air at normal temperature and
ls for at least 28 duys.




f steam, above boiling water, in a loosely
for five hours.

;, to satisfuctorily pass the requircments,
firm and hard, and show no signs of distor-
1, cracking, or disintegrating.

ULPHURIC ACID AND MACGNESIA.

nt shall not contain more than 1.75% of
ulphuric acid (SO), nor more than 4%
(MgO).
J. C. Hay,
Engr. Mas. Const.

OWETH,
rr. and Supt. B, and B.

F.

\TIONS FOR MUNICIPAL WORK AT
WASHINGTON, D. C.

Dow, Inspector of Asphalts and Cenrends.

PORTLAND CEMENT,

—Not less than g5 per cent to pass a so-
and not less than go per cent through a roo-

etting~Initial set, in not less than 45 minutes,




s
until hard set, rest of day in water):

£ 1 Pt 225 1bs.
r 1 day, in water 6 days):

1 11 co.-4501bs.
tesand. ..ol iiaeiiaens NS Vi

air 1 day, in water 27 days):

13 Y P 5501bs
rts sand. ... .iiiieeiaaeeaa.. 225

e neat into wedge-shaped pats about three
1 side, half an inch thick at back tapering
edge, the cement must show no signs of
arping after being in air or water at normal
or 28 days.

t which shows signs of swelling after being
rejected.

must be propetly seasoned; too fresh cement
nt will be rejected.

shall contain over 2 per cent of sulphuric

Portland.—Cement furnished under this
must comply with the preceding specifica-

Portland.—Cement furnished under this
must comply with the preceding specifica-
. addition must meet the following require.
s B cement is intended for special use in the




muy be satisfactorily drawn within 24 hours
g a concrete made of cement one part, sand
broken stone three parts, and pebbles three
the temperature is at or above 40° Fahr., may
- as Class B cement.

e——Bach bidder must deliver at D. C.
use prior to time of opening proposals, a
cl of the coment which he proposes to furnish.
ge.—~~Portland cement delivered in wood will
in new, strong, serviceable barrels, lined

Weight to be 400 pounds gross, and the

he cement to be not less than 375 pounds.
ement delivered in sacks will be packed in
riceable canvas sacks, containing one fourth
ity specified to be delivered in barrel. The
c returned to the contractor or paid for at the
cents each. All sacks will be subject to in-
d approval by the Commissioners.

of delivery—Cement will be delivered at
house, located on Canal street, between Dela-
e and First street S. W, or F. O. B. cars on
Itimore and Ohio, or Philadelphia, Baltimore
ngton Railroads, at such points as may be
¢ the Commissioners, D. C.
—Delivery must be commenced within thirty
notice of award of contract and prosecuted at
e, not excecding one ffth of the total amount

t in any one month, as may be ordered in.




meat narrears {or such less quantity
cell) i open markel, in which cvent
L over and above contract rates will be
he contractor in default and deducted
that may he due or may become due
L is also reserved to the Commissioners,
s remeddies preseribed above, to charge
actor and deduct from any moneys
wy thercaller become due, the sum of
iem (Sundays and legal holidays not
ted as liquidated and fixed damages
ractor’s failure to properly perform the
wel,
Cement will be sampled after delivery.
seven-day test herein provided will e
aceeptance, but the right to reject shall
uny time before final payment or the
L in question.  All tests will be made
prescribed by the committee of the
of Civil Engincers, with such modi-
mployed in the laboratory of the En-
\, and which are open to the inspec-
ractors, Al cements will, from time
celedd to chemical analysis, and must
m any foreign substance or deleterious
the elements are combined in proper
cure thie hest resulls and insure per-
mends must be of uniform quality and
¢ Commissioners, The works of the

e St T e

Cp e e,

24




anguage (o the inspector or other representative
strict or otherwise impede or cmbarrass him in
arge of his duties shall be immediately removed
ontractor, and not again employed without the
»f the Commissioners. Should the conduct or
of the contractor require additional inspectors,
be appointed and the cost thereof, not exceed-
> per diem (of ten hours) for each inspector,
warged against the contractor,

NATURAL CEMENT,

55, —Not less than gg per cent, to pass @ 50-
ve, and not less than 82 per cent through a 100-
ve. '

of seting.—Initial set, in not less than ro nor
an 30 minutes, when mixed with the smallest
of water between the temperatures of 70° and

sirenglle:

(in air until hard set, rest of day in water):
1L CRIMEnt, v veverneniunainaennnans 8o1bs.
s (in air 1 day, in water 6 days):

AL CeMENt. o4 ceeareriinneaaaans ... 150 Ibs.
opartssand. ... .oiiiieln.. 8 “
vs (in air 1 day, in water 27 days):

At CEIMENL. .o vvernnetranannnnannns 200 lbs.

0 parts sand. ... ... Caraarens 150 ¢




-

28 days.

which shows signs of swelling after being
jected.

ust be properly schsoned; too fresh cement
will be rejected.

hall contain over 2 per cent of sulphuric

Fach bidder must deliver at D. C. Cement
ime of opening proposals, a sample barrel
cement which he proposes to furnish.
-Natural hydraulic cement will be packed
cable canvas sucks of uniform size. The
urned to the contractor or paid for at the
5 cach for smali sacks and 10 cents for
Il sacks will be subject to inspection and
> Commissioners.

-Natural cement will be paid for at the
mds net per barrel. Fach sack will con-
pounds. The contractor will be required
ent in sacks of uniform size, and bidder
ther it is proposed to furnish cement in
8 or in 150-pound sacks.

e
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