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NMNMPEJUCJ/TIOBHE

Hcropuueckue pewenuss XXI cvesna KIICC npenycmarpusator
PHT@HTCKHH POCT NMPOMBIIIJIEHHOTO M CEJIbCKOXO3AHCTBEHHOTO MPO-
usBoncrea B CCCP. B 1959—65 rr. B Halueii cTpaHe OyneT ocy-
eCTBJIEHA BeJWYeCTBEHHAsi MporpaMMa MepoNpHsiTHii B oO6saactTu
KaNuTaJTbHOTO CTPOHUTENbCTBA, MO CO3JaHHIO HOBBIX MOLIHBIX Hpen-
NPUATHH CTPOUTENbHOH NPOMBILIJIEHHOCTH, IIO IIHPOKOMY BHeApe
FHI0 HHAYCTPHAJIbHBIX METOJOB CTPOHTENbCTBA, CHIXXEHHIO CTOM-
MOCTH W YJIy4llIeHHIO KauecTBa CTPOMTEJbHBIX PaboT.

Byner mocTpoeHo 60JbUIOe KOJHYECTBO HOBBIX NMPOMBILIIJIEHHBIX
npennpusituii. OrpoMHa mno csoeMy o0beMy H HaMeuaeMmasi Ha Ce-
MHJIeTHe NPOrpaMma XHJIHIIHOrO, KOMMYHANbHOTO H KYJbTYPHOTU
crpourenberBa. OcyluecTBieHne 37Ol TPAHAMO3HOH NPOrpaMME
CTPOHMTEJBHBIX M CTPOUTENBbHO-MOHTAXKHBIX paboT norpebyer 3HA-
"IUTEJLHOTO PACIIMPEHUs] NMOJATOTOBKHM KAaAPOB CTPOHTeJed W IIHPO-
KOTO HCIIOJIb30BAHHsI HOBEHIUIMX MOCTHXKEHHH KaK OTeuecTBEHHOH,
TaKk W 3apy6eXHOH HAayKH M TeXHHKH.

B cBsi3M ¢ 3THM CTYJAEHTH CTPOHTENBHLIX BY30B U (DAKyJbTETOB,
KOTOPBIM TPENCTOUT, 1O OKOHYAHHH BBICIIHX YyueGHLIX 3aBeleHHH,
OPHHSITH aKTHBHOE yuacTHe B peajiM3alUd HCTOPHYECKMX MNpefHa-
gyeptanuii XXI cvezga KIICC, nomKubl OBJaneTb WHOCTPAHHBIM
SI3BIKOM HACTOJIBKO, YTOOBI CBOOOJHO IOJb30BATbCS HAYUHO-TEXHH-
YeCKOHl JIHTepaTypoil Mo CBOel CrenHaJbHOCTH.

Hacrosmas xpectomatusi mpefacrasiger cofoit ydeGHOe MOCO-
61e 1J51 CTYNEHTOB CTPOHTEJNBHBIX HHCTHTYTOB H CTPOHTENbHBIX (a-
KyJbTETOB TEXHHUYECKHX BY30B W NpH3BaHa MOMOYb MM B paspe
LIEeHUH YKa3aHHOH 3anaud.

Ilpu paspaboTke npensnaraemoro noco6usi npecjefoBaNHCh CJlie-
AyloUide TIJaBHEHLIHe LeJU:

1. Hate cTyneHTaMm MaTepuaJ AJjsi NpuoOpeTeHHs NMPOYHBIX HA-
BLIKOB CaMOCTOSITEJBHOTO UTEHHSI W NepeBojla HayYyHO-TeXHHYeCKOoro
TEKCTa IO CTPOHTENbHOH CNeNHaNbHOCTH Ha AHMVIMHCKOM $3BIKe.

2. O6oratuth 3amac CJCB CTYIEHTOB CHEUHaNbHOH TepMHHOJO-
TUYeCKO# JIeKCHKOH TO CTPOHUTENBHOH CIelHabHOCTH.

3- O3HAaKOMHUTH CTYJEHTOB CO CTHUJIMCTHUECKHMH OCOGEHHOCTSAMHE
SHIVIMACKON W aMepHKaHCKOH HAay4YHO-TEXHHYECKOH JIHTepaTtypul Mo
CTPOMUTAILCTRY.



XpecToMaTusi COCTOHT H3 OPHTHHAJNBHBIX TEKCTOB, B3SITBHIX HA
COBPEMEHHOH aHTVIMHCKOW M aMepHKAaHCKOH JHTepaTypsl IO BOMPO-
cam crpouTesnbctBa, Ilpu moaGope TeKCTOB ObiM yUTeH OMNBIT pa-
60THl cocTaBuTesiell MO MpernofaBaHUI0 AHMVIMHCKOro s3blKa Ha
crapuux Kypcax XapbKOBCKOTO HHCTHTYTa HMHXXEHEPOB KOMMY-
HaJIbHOTO CTPOHTE/JIbCTBA.

TekcTs! pa3MmelleHb! B XPeCTOMATHH IO TeMaTHYECKOMY MpPHH-
oUny, NpudeM HX pacllosioxKeHHe B H3BECTHOH Mepe oTpaxaer Io-
CJIeflOBATEJNbHOCTh M3YUEHHsT COOTBETCTBYIOIUHX TeM B CIenHasb-
HbIX Kypcax. Ilpu onpenenenun nopsiika pa3MelleHHs TEKCTOB B
XPeCTOMAaTHH VUYHUTHIBAJCH TaKikKe II0 Mepe BO3MOMXKHOCTH MPHHIHI
HapacTaHus S3bIKOBOH TPYAHOCTH. TexcThl CHaOXKeHbl PUCYHKAMH
¥ KOMMEHT2pHSMH, 06GJer4aioiliMyu nepeBo] OTIeNbHHIX, Haubosee
TPYAHBIX NMPeJOXKEeHUI.

XpecTomaTisi MOxKeT GbITh HCHOJAb30BaHA CTYAEHTAMH HE TOJb-
KO JHEeBHBIX, HO W BeyepHMX, a TaKiKe 320UHBIX OTJAEJNeHHII CTPOH-
TeAbHLIX HMHCTHTYTOB W (axyabretoB. OHa oKaxeT Takke cylle-
CTBEHHYIO TIOMOIIb acnupaHTaM CTPOUTENbHLIX BY30B M HHIKEHe-
paM-CTPOHUTENSIM, KeJaloUHM yCOBepIIeHCTBOBATh 3HAHHS AHTJIHKI-
CKOTO si3blKa H TNpHOOPECTH HaBBIKH CAMOCTOSITbHOTO YTEHHZ
4ayYyHO-TEeXHHUECKOH JIMTepaTyphl MO CTPOUTEJAbHBIM CIIelHaJb-
HOCTSIM.

K xpectomMaTHu NPHIOKEHHI:

1. AHrO-pycCKHH TepMUHONOTHYECKHH CJIOBapb MO CTPOHTEJ]b-
HOH CHeIHaNbHOCTH, COAep:KallH# cJAoBa M BbIPaXKEHHs], OTCYI-
CTBYIOLIHEe B OOLIUX AHIJIO-PYCCKUX csaoBapsiXx Ha 20 ThiC. CJIOB.

2. TlepeueHb BCTpeualOUUXCsl B TeKcTe OGIIENPUHATHIX AHTJIHM-
CKHX M aMepHKaHCKHX COKpalleHHMI.

3. TabGauna ans nepesoja aHIIMHCKHX M aMePHUKAHCKHUX Mep
B MeTpHYecKHe.

CocraBHTesNn BBIpaXKarOT HCKPEHHIOW MPH3HATENBHOCTL IMpero-
JaBaTeisiM XapbKOBCKOrO HMHCTHTYTa HHMKEHEPOB KOMMYHAJbHOIO
cTpoutesbctBa jouentam M. M. bopmy, A. M. DBenenbkomy H
B. . Benory6y 3a mneHHyi0 NOMOIIb NPH CO3JaHHH HACTOSLIErO
yue6Horo noco6bus.



I. CEMENTING MATERIALS
LIME, GYPSUM, CEMENT

Lime, gypsum and cement are the three materials most widely
used in building construction for the purpose of binding together
masonry units such as stone, brick and terra cotta and as consti-
tuents of wall plaster, Cement is, furthermore, the most important
component of concrete. These materials are manufactured in
enormous quantities and form a very important element in all
masonry structures. As a class they are designated! as cementing
materials.

§ 1. Lime

Lime, Pure limestone or calcium carbonate (CaCOs) is com-
posed of calcium oxide (CaO) and carbon dioxide (COj;). Lime-
slone is, however, rarely found in this pure form, being mixed
with impurities such as magnesium carbonate (MgCO;), silica
(Si0;), alumina (Al,03) or iron oxide (Fe;Os). The stones
containing 90% or more of calcium carbonate are known as high
calcium limestones; those containing 10% or more of magnesium
carbonate are classed as magnesium limestones and those contain-
ing more than 259% magnesium carbonate are called dolomitic
limestones. Commercially, lime is divided into calcium lime con-
taining more than 709% CaO and magnesium lime containing more
than 309% MgO. When the limestones contain sufficient amounts
of silica and alumina the resulting manufactured lime is endowed
with the ability of setting under water and is classed as hydraulic
lime, Such limes are not produced to a great extent, their place
being taken by? the hydraulic cements. It will be seen under the
study of cement that its hydraulic qualities are likewise dependent
lépon the presence of silica and alumina in the manufactured pro-

uct.

Quicklime. The manufacture of lime consists in heating or
,burning* the limestone in shaft or rotary kilns to a temperature
of about 900—1200°C or 1700°F. The carbon dioxide is driven off
by the heat leaving CaO, calcium oxide, known as quick or caustic
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lime. Quicklime is highly caustic and possesses a great affinity for
water 3, readily combining with about 309 of its own weight?*.
It is shipped in lumps as it comes from shait kilns or in the form
of a coarse powder from rotary kilns.

Slaked or Hydrated Lime. When used for structural
purposes quicklime is generally mixed with water or slaked*.
During the slaking the water is absorbed, heat is very energetically
evolved, driving off much of the excess water in form of steam,
the lime bursts into pieces and is finally reduced to powder. The
lime has now become calcium hydroxide Ca(OH),, and is called
slaked or hydrated lime. It is ready to be made into mortar by
adding water and sand to form a plastic mass. Lime is slaked at
the building by putting quicklime in watertight boxes and adding
water by pails or hose. The lime must be continually stirred by a
shovel or hoe during the slaking process to reduce all unhydrated
particles which may slake later in the building, causing popping,
pitting and disintegration, especially objectionable in wall plaster.
Different kinds of lime vary considerably as to the rapidity with
which they react to the combining of water, the slaking process
beginning and continuing more quickly with the so-called hot, fat
or calcium limes than with the cool or lean magnesium limes.

After the slaking action has ceased, the lime destined for
plastering, called lime putty, is run through a sieve and stored?®
for a minimum of two weeks before using. The lime to be employed
in mason’s mortar is not screened and need not be stored over
twenty-four hours.

Mill Hydrated Lime. Lime can now be obtained slaked
at the mill or kiln and is called mill hydrated lime. The proportion
of lime and water and the stirring are scientifically carried out by
mechanical means, and the product is very dependable. It is reduced
to a fine powder and shipped in paper bags ready to mix with
water and sand to form plaster or mortar.

Lime Mortar. If it were attempted to use lime as a plaster
or mortar unmixed with other materials, wide cracks would occur
on account of the shrinkage of the lime while hardening. Therefore
sand is commonly used to mix with the lime to reduce the shrin-
kage and for economy of cost. The usual mixtures for mortar are
[ part of lime to 2 to 5 parts sand by volume, Water is also added
to form a plastic mass which is easily workable. With a large
proportion of lime the mortar is called a rich mortar, and with a
large proportion of sand a lean mortar. With too much sand the
mortar will work with difficuity and is said to be stiff. If the
mixture will slide readily from the trowel the quality is satis-
factory.

* In the USSR quicklime is also used for structural purposes without being
mixed with water. The method of using quicklime was proposed by I. V. Smir-
nov, the Soviet engineer, in 1940 (Composers’ note).
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Lime mortar will not harden under water, and in all cases
exposure to air is necessary for prompt setting. The process of
hardening is, therefore, slow, especially below the surface of the
mortar, and in the case of high buildings rapidly erected® the mass
of the mortar of the lower storeys does not harden with sufficient
quickness to sustain the weight of the upper storeys.

Lime mortar should never be used in foundations or where
exposed to moisture?’. It is not as strong as cement mortar,
although widely used before the development of Portland cement,
it has now almost entirely given place to the latter. Ten per cent
of the cement in cement mortar is often replaced by lime to improve
the workability of the mortar. Brick is often set with a mixture
of 1 part cement, 1 part lime and 6 parts sand. The greatest
structural use for lime is for wall plaster.

Sand. Since sand is a large constituent of all mortars it is
important that the quality of the sand should be satisfactory.

Sand is obtained from deposits such as banks and pits, from
river beds and from the sea-shore. Clean bank and pit sand is best
for mortar and fine river sand for plaster. Sea sand must be
thoroughly washed with fresh water to remove the alkalines, which
attract moisture and cause dampness in walls. Sand should be
coarse, of various sizes, absolutely free from dust, loam, clay,
earthy or vegetable matter and large stones. It is now considered
by architects that it is not necessary for sand to be sharp and
angular, as was formerly specified, but that coarseness of grain
governs the quality. Coarse grains take up more lime and thereby
increase the strength of the mortar. Sand should never stain the
hands when rubbed, as such staining shows the presence of loam
or dirt.

Hydraulic Limes. Certain limestones after burning pro-
duce limes containing sufficient free calcium to develop a slaking
action and sufficient silica, iron oxide and alumina to cause them
to set under water. Commercial hydraulic lime contains about 60%
of lime and 25% of silica. It is burned to a sufficiently high tem-
perature, about 1600°F., to cause reaction between the calcium
and the silica and alumina, and to drive off the carbon dioxide
but not to produce fusion.

Preserving Quicklime. Fresh burned lime has so much
affinity for water that it will quickly absorb moisture and carbon
dioxide from the atmosphere, become air slaked and lose its cement-
ing qualities. It must, therefore, be kept in dry storage and care-
fully protected from dampness until used. Lump lime is more
difficult to preserve than finely ground lime,

Setting of Lime. Slaked lime hardens or sets by gra-
dually losing its water through evaporation and absorbing carbon
dioxide from the air, thus changing from calcium hydroxide
(Ca(OH);) to calcium carbonate (CaCO;) or limestone.
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EXPLANATORY NOTES
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. As a class they are designated as — Owun (3t marepuanni) Kiaaccubpu-
LUHPYIOTCS Kak .

. their place being taken by — u ux 2amensior

. possesses a great affinity for water — mposiBasier cuJbHOE  CpPOLCTRO

¢ BOMON

readily combining with about 309% of its own weight — nerko coenn-

HsIfch ¢ HeH B KoJswmuyectBe Okojo 309 cBoero coferBeHHoro Beca.

. is run through a sieve and stored — nponyckaerca yepe3 cHTO K Bblaep-
XHBaeTcsd Ha cKJane

and in the case of high buildings rapidly erected .—mn npu GeicTpom

BO3BEJEHHH BBLICOKHX 3AaHUI

or where exposed to moisture — nau Tam, rae on (M3BECTKOBBI pacTBOp)
nonsepraercs 1efiCTBHIO BJIATH

N Do A Wi

§ 2. Gypsum

Gypsum. Gypsum is a combination of calcium sulphate with
water. Gypsum is hard, fire-resistant, sets quickly and is quite
light in weight, but is never used in situations exposed to the
weather .

As found in nature the gypsum rock usually contains? silica,
alumina, lime carbonate, oxide of iron and other impurities. Pure
gypsum is known as alabaster.

Manufacture. The gypsum rock is ground fine and is heated
to a temperature above the boiling point of water, 212°F., but not
exceeding 374°F., when about 3/; of the combined water passes
off in steam.

The remaining product is plaster of Paris if pure gypsum has
been used and hard wall plaster if less than 39,5% of impurities
are present or added to retard the set and improve the working
qualities. The calcined material is ground to a fine powder before
shipping to the consumer.

Plaster of Paris is used for cast ornamental plaster work, and
it is admirable for this purpose, producing hard surfaces, sharp
contours and arrises, and being sufficiently strong. It sets in 20
to 40 minutes, which is an advantage in cast work but which
renders it unfit for wall plastering. Hard wall plaster, because of
admixtures, has a slower set, from 2 to 32 hours, and has of late
years been widely used for general plaster work. It is harder than
lime plaster, sets more quickly and thoroughly and for these rea-
sons often permits of greater speed in the construction of buildings.

If the gypsum rock be heated to 400° F. practically all the water
is driven off in steam and the time of set is also much retarded.
This material is finely ground and borax or alum is added to
improve the workability and accelerate the set, the resulting pro-
duct being known as hard finish plaster. Keene cement is one
variety of hard finish plaster which is much used as wainscoting
for bathrooms, kitchens and laundries, or wherever a very hard,
waterproof coating is required on the walls. It is manufactured by
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burning pure gypsum first to a temperature over 212°F., then dip-
ping the lumps in an alum bath and finally drying and again
heating to a temperature of 400° or 500°F., after which the product
is very finely ground and screened, The resultant material sets in
1 to 4 hours and has a tensile strength of 400 1bs./in2.

Gypsum plaster is rendered more plastic by the addition of
clay or of hydrated lime. The cohesiveness is increased by adding
hair or shredded wood fiber. Gypsum plaster is mixed with sand
at the building before using. It may also be obtained from the
producers already mixed with sand in the exact proportions best
adapted to scratch coat, brown coat or finishing coat work.

Setting. The setting of gypsum plaster is not a chemical
change as in the case of carbonate of lime but is due to the recom-
bination of the dehydrated lime suiphate with water to form the
original hydrated sulphate, It precipitates from the solution to
form a solid mass of fine interlocking crystals. The water of crystal-
lization is obtained from the water with which the plaster is mixed
before use.

The materials added to hard wall plaster fo retard its set consist
of colloids such as flour and giue, which adhere around the par-
ticles of calcium sulphate. Hydration and the formation of crystals
are consequently impeded and the plaster is rendered more prac-
tical for use.

Structural Gypsum. Plaster boards, wall boards, parti-
tions, floor and roof slabs and other formed products for structu-
ral use are also made from calcined gypsum mixed with asbestos
or fiber, wood pulp, cinders, sand or other materials. Plaster boards
or lath consist of sheets of gypsum, either plain or perforated,
with not more than 15%, by weight, of fiber, intimately mixed and
pressed, or of alternate layers of gypsum and fiber. The sheets may
or may not be covered on the outside with paper, but the surface
must readily receive and retain gypsum plaster.

Wall boards consist of sheets of gypsum, with or without fiber,
intimately mixed and pressed, and are covered with paper to form
a smooth surface fit for decorating.

Gypsum Tile. Description. Gypsum partition, roof, fire-
proofing, floor and furring tile consist of hollow or solid gypsum
blocks formed at the mill. They are used for non-bearing pariitions,
light roofs and floors, wall furring, vent and pipe ducts and the
fireproofing of steel construction. The value of gypsum tile is due
to their excellent heat-insulating qualities, their little weight and
the fact that they are strong enough for light or temporary parti-
tions and for floor and roof slabs which are not heavily loaded.
They should not be used for bearing partitions or for floors and
roofs carrying heavy loads. They will not withstand the action of
moisture suificiently well to make them adaptable for exterior
walls.



Manufacture. As generally used, gypsum tile are * compos-
ed? of 979% finely ground calcined gypsum and 3% by weight of
fibrous material, usually wood chips. These ingredients are mixed
with water and shaped in moulds and upon drying set naturally
into a fairly hard mass. The tile are either solid or hollow with
circular cell spaces or cores running through them. The partition
tile are rectangular, 1'/,” to 6” thick and 12” by 30” in face dimen-
sions, the tile 1'/2” and 2” thick being most often used as furring
tile. The pre-cast roof and floor tile are reinforced with wire mesh,
steel bars or heavy wire.

Gypsum tile may be classified as:

(a) Partition tile, for interior non-bearing partitions;

(b) Furring tile, for furring the inside of exterior masonry
walls;

(c) Floor tile, for light pre-cast floor construction;

(d) Roof tile, for light pre-cast roof construction;

(e) Fireproofing tile, for protecting steel beams, girders and
columns.

Partition tile are generally manufactured of gypsum and
wood chips in units 30” long and 12”7 wide (Fig. 1). Gypsum par-
tition tile is easily sawed by hand to fit around pipes or into
difficuit positions *. It is light and easy to handle and can therefore
be used in larger units than clay tile.

Furring tile may be either split tile attached to the wall by
nails or be free-standing 2” solid or 3” or 4” hollow tile. For fur-
ring around pipes, vent ducts and elsewhere, 2" solid or 3" or 4”
hollow tile are also used, depending upon the height of ceiling
(Fig. 1).

Floor tile Gypsum pre-cast floor tile are of one general
type. They consist of reinforced slabs of calcined gypsum with a
small percentage of softwood fiber or shavings. A very generally
employed tile is 30” long, 24” wide and 2'/,” thick, reinforced with
6 longitudinal steel wires, ?/;s” in diameter and spaced 4” on
centers,

Roof Tile. Gypsum pre-cast roof tile are made for beth
short and long spans. The short-span slabs are generally 127 or
24”7 wide and 30” long. They are reinforced with wire mesh and
may be either solid or hollow.

Fireproofing Tile. Columns, beams and girders may
be protected from fire and heat by gypsum partition tile which can
easily be cut or sawed to fit difficult angles and slight curves?®.
The sides of columns and the webs of deep beams and trusses are
covered with 27 solid or 3”7 hollow partition tile. At least 27 of
protection to the steel should always be given.

* Cyuecteureasunie brick, tile w np., npeacrasiswouiue coJOH Ha3BaHHs
CTPOMTENIBHEIX MATEPHAJIOB, COCTOSIIMX M3 MHOXKECTBA OTAEJbHBIX E€IHWHHIL, MOTYT
COrJIacOBATECS C TJIATOJIOM-CKA3yeMEIM BO MiOKECTBEHHOM YHCJTe.
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Erection. Gypsum mortar, composed of 1 part gypsum
plaster and 2 or 3 parts by weight of clean sand, should always
be used in setting gypsum tile, since Portland cement is injured
by the sulphate of the gypsum.

Long Sper

Shorl  span
Fig. 1. Gypsum Tile.

EXPLANATORY NOTES

1. in situations exposed to the weather — B MecTax. noaBepiKeHHLIX BO3JeIi-

CTBHIO aTMOC(HEpPHLIX (PaKTOPOB .

As found in nature the gypsum rock usually contains — B Tom BHIE, B

KakoM THIIC BCTpPEYaercst B IPHPOAE, OH OGBIYHO CONEPIKHT

3. As generally used, gypsum tile are composed — B Tom BHze, B KakoM
OHH OOBIYHO HCIIOJb3YIOTCS, THMCOBLIE IIHTKH COCTOST

1. to fit around pipes or into difficult positions — urobn yk1anhsaTs HX
BOKPYT TPY0 MJHM B TPYIHBIX JIJIsl HPHTOHKH MecCTax

5. to fit difficult angles and slight curves —uro6m yknazwBaTh HX B
TPYAHBIX JUTs1 NPHFOHKHM yrJiaXx H Ha He3HAUHTeJbHbIX H3ru0ax

o

§ 3. Cement

Natural Cement. Natural cement is made from natural
rock.

The rock is usually a clayey limestone, which is burned to
a sufficient temperature to drive off the carbonic acid gas!, the
clinker then being finely ground. Natural cement has hydraulic
qualities but is quick setting and of relatively low strength, and
is not adapted for reinforced concrete. It is consequently used only
in large masses of concrete, such as dams and foundations, where
weight rather than strength is a requisite 2. Mortar made from
natural cement, sand and lime is often satisfactory in laying brick
and setting stone.
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Portland Cement. Portland cement is a product obtained
by mixing and then burning to incipient fusion two raw materials,
the one composed largely of lime (CaO) and the other being
a clayey or argillaceous material containing silica (SiOy), alumina
(Al) and iron (Fe). The two raw materials are ground to extreme
fineness before mixing and are then mixed to give definite pro-
portions of lime, silica, alumina and iron oxide. The mixture is
then burned to incipient fusion or clinkering condition and the
clinker is very finely ground. The finished product should contain,
approximately, not less than 1.6 parts nor more than 2.3 parts by
weight of lime to 1 part of silica, alumina and iron oxide com-
bined. After the clinker is cooled, but before grinding, approxima-
tely 3% of gypsum is added to retard the set. The raw mix is
analyzed several times each hour during manufacture to maintain
the composition within proper limits. The finished product should
receive no additions other than gypsum, except that not more than
1% of harmless material may be present ®. The percentages of the
principal components of Portland cement range as follows: lime 60
to 64; silica 19 to 25; alumina 5 to 9; iron oxide 2 to 4. More than
5% magnesia or 29, sulphur trioxide is not permitted. These pro-
portions do not differ very materially from the composition of hyd-
raulic lime, the chiefl difference lying in the fact that the cement
is burni to a higher temperature, which destroys the slaking qua-
lities and generally increases the strength and hydraulic power.

Manufacture The limestone and the clay material are
separately stored and pulverized. They are first brought together
in the mixing room where the components are exactly apportioned
by weighing machines.

The mixture is ground once more and enters the kiln to be
burned. Kilns consist of rotating sheet steel, brick-lined cylinders,
5" to 15’ in diameter and 60" to 250" long. They are inclined at 15°
to the horizontal.

The raw material enters at the higher end and powdered coal
is blown by forced draft into the lower end. The powdered stone
as it slowly progresses along the length of the kiln meets an
ever-increasing heat until it is fused into clinkers at the lower end
of the kiln, It is then removed to the cooling rooms and after cool-
ing is mixed with a small proportion of gypsum (2 to 3%) to
retard the initial set of the cement. The clinker is finaily ground
to an extremely fine powder and goes to the finished cement storage
bins 4. Fine grinding greatly increases the strength of the cement
by improving the conditions for complete hydration (Fig. 2).

Masonry Cement. Cements have been developed for use
in mortars for laying unit masonry such as brick, structural tile
and building blocks. They are not as strong as standard Portland
cements, but since their characteristics include easy workability,
high water-retaining capacity, plasticity and accurate set, and
because their cost is less, they. are widely used when their com-
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pressive strength is sufficient. Waterproofing material is often
added during manufacture to produce greater density and to pre-
vent efflorescence.

Non-staining Cement. Ordinary Portland cement will
stain limestones, marbles and other light-colored stones when used
in the mortar with which the stone is set. Lime free from iron
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Fig. 2. Cement Manufacturing.

oxide makes the best non-staining mortar, but to gain greater
strength non-staining cements have been developed. White cement
free from iron oxide and water-soluble alkali is now widely used
for setting light-colored stone and for making stuccos and artifi-
cial or cast stone.

High Early Strength Cement. For some purposes it
is distinct advantage to use a cement with the ability to attain
a higher early strength than is the case with the ordinary cement.
This is particularly true in concrete road making, floor and machine
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base construction, and in concrete building carried on in freezing
weather.

Such cements are now widely used but are as yet slightly more
costly than standard Portland cement. They are of two general
classes: firstly the high alumina cements made from a melted mixtu-
re of about equal quantities of limestone and an aluminium ore call-
ed bauxite; and secondly the accelerated Portland cements, frequ-
ently termed ,,supercements*, which have a high lime ratio, are very
finely ground and are burned at higher temperatures than ordinary
cement. The compressive strength attained by a quick-hardening
cement concrete in 1 day is approximately equal to the 28-day
compressive strength of a standard cement concrete of similar pro-
portions. i

Portland Cement Mortar. Mortar is a mixture of ce-
ment, sand and water to form a plastic workable mass, It may be
mixed by hand or by mechanical mixers, the mixers being prefer-
able for large quantities. Mixing by hand is done on watertight
platforms, the cement and sand being first thoroughly shoveled
together in small quantities in the required proportions and render-
ed completely homogeneous before the water is added.

After adding the water the whole mass is then remixed until
the hoe or shovel appears clean and bright when drawn out of the
mass. Mortar should be fairly stiff and not too thin or wet, and
should not be used later than 4 hours after mixing. The usual pro-
portions are 1 part cement to 3 parts sand for ordinary work, and
1 part cement to 1 or 2 parts sand for top surface of floors and
sidewalks. A very satisfactory mortar for brickwork consists of
1 part Portland cement, 1 part lime and 6 parts sand.

Effect of Temperature. Very hot or dry weather causes
the water in the mortar to evaporate too quickly. Stones and brick
should consequently be thoroughly soaked in such weather so that
the mortar will not be reduced to a powder. In cold weather the
mixing and placing of all mortar are generally difficult, and lime
and natural cement mortars are materially injured by alternate
freezing and thawing. Mortar composed of 1 part Portland cement
and not more than 3 parts sand is, however, very little injured by
the effects of freezing weather. Where heating facilities can be
obtained it is possible to improve conditions by using high early
strength Portland cement and by heating the water, sand, brick and
stone. Under such conditions work is frequently carried on all win-
ter in northern climates without delays.

EXPLANATORY NOTES

1. which is burned to a sufficient temperature to drive off the carbonic
acid gas — KOTOpHIf OGKHraercs IpH TeMIepaType, AOCTATOYHOH s TO-
ro 4toObl BBIAENHJCH YIVIEKHCJBIH Tras.

2. where weight rather than strength is a requisite — rae Tpefyerca ckopee
BEC, YeM IPOYHOCTD.
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3. The finished product should receive no additions other than gypsum, ex-
cept that not more than 1% of harmless material may be present —
B roTtoBHlii NPOAYKT He clenayeT A06aBasATb HHYEro APYroro, KpoMe THIIC3,
HO BO3MOXKHOCTb NPHCYTCTBHSI B HeMm He GoJee 1% Oe3BpeaHbiXx npHMecei
HE HCKJIOYaeTcs.

4. and goes to the finished cement storage bins — u moctynaer B Gyrkepa
AJIi XpaHEHHs] TOTOBOTO IEMEHTa.

1. CONCRETE
§ 1. Composition of Concrete

Our two most important building materials may now be consi-
dered to be! structural steel and concrete. For foundations, footings,
basement walls and fireproof floor construction, the use of con-
crete is almost universal, while the number and importance of the
buildings whose columns, girders, beams and walls are entirely
of concrete are rapidly increasing with each succeeding year.

Definition. Concrete may be considered an artificial conglo-
merate stone made by uniting cement and water into a paste and
mixing into this paste a fine material such as sand and a coarser
material such as broken stone, gravel, slag or cinders. Upon the
hardening of the paste the entire mass becomes like a solid stone.
Mass concrete was employed by the Egyptians and the Romans,
but the use of steel reinforcement did not begin until the nineteenth
century of our era?.

Because of its composition concrete has great compressive
strength but little ability to withstand tension. Steel bars, rods or
mesh fabric are consequently incorporated in those parts of the con-
crete members where it is required that tensile stresses be resisted.
Concrete may, therefore, be divided into two classes: mass concrete,
where weight or bulk is required and where to a large degree only
compressive stresses are present; and reinforced concrete, where
it is necessary to introduce steel into the body of the material to
Tou(rilteract the tensile stresses caused by the nature of the existing
oads.

Matrix. The chemically active element of concrete is the
cement, sometimes called the matrix. It becomes hydrated, that is,
united chemically and physically with the water, and produces
what may be termed a glue, binding the sand, stone or other coarse
inaterial together,

Aggregates. The remaining ingredients of concrete besides
the cement and water, that is the sand, broken stone, cinders, slag,
etc.,, are chemically inert and are classed as the aggregates, The
material under !/,” in diameter is designated as fine aggregate and
generally refers to the sand. All material over !/4” in diameter is
called coarse aggregate and includes the broken stone, cinders, etc.
Any crushed rock or slag of durable character, or any clean, hard,
natural gravel, may properly be used as coarse aggregate. Granite,
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