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1. Coment snd concrets caturials
1) Cument
China has quive a lorg history in developing its
cenent industry. As early a=s in 1889 its first vertical
shaft E{ln was built in Tangshar by Qixiz Cement Plant. In '
1906 Gixin Cement Co, was set up and installied the first rotary‘
EKiln with = capacity of 40,000 tpy.
The annual production of cement in 1949 was 660,000
tonnes, However, Chinose Cement Industry has been rapidly

geveloped omly after liberstiorn. In 1979, the annual output
veached 73,9 willion tonnss, amcng which 24,72 million ton-
pes were produced by 49 big and medium-size cement plants
with 135 rotary Eilns and 49,18 million tonnes by 3400 mini
cement p’ants with vertical shaft kilnms,

In 1§79; average strength grade of clinker wgs No,
600 and that of cement was No, 500 (acecrding to China Fatio-
nal Sianderd for dry mortsr) in big ard mediumsized cement
plants, ‘
Regarding cement varieties, the proportion of diffarent ce-
ment manufsctured is as foilows: -

Ordinary Portland Cement 49.93%
Slag cement 41.40%
FYozzolanic cement 1.55%
Rapid-tardenirng cement 1.45%
011 well cement 1.92%
Dez cement 0.83%
Whits cement 0.17%
Othar cement 0.7%%

Prcduciisn processes, tlieir outaunt Jervenia2ge and unit heat
aon~wtion of clinker are cited belcw:
vet prooess 62.56% 1503,5 XCal/Eg.clin.
Scazi-4ry prucess 20.80% 1205.8 ¥Cal/Fg.clin.
Dry process 16.64% 1506,7 ECal/Zg.clin,




The fuel for China's cement industry is mainly coal. Only a few cement plants use
0oil or natural gas as fuel. The proporiion of different types of fuel ured in cement

industry is shown below:

Coal 88.28%
0il 11.09%
Natural gas 0.63%

The utilization of industrial wastes for manufacturing cement iy an important
way for emergy conservation. At present, apout 300 millicn tonnes of waste sl.gs
are discharged by the industrial sector every ysar, in which 27 million tonnes are
fly ash, 70 million tonnes colliery waste, f8 million toanes blast furnace slag,
€ million tonnws steel slags, 50 million tonnes sligs from municipal industry and
households, and about 100 million tonnes of other waste slags euch as %tailings
aluminiwn elag, calcium carbide sludge and so on. But the utilization ratio cf these
industrial waste slags is rot high in our couatry. The utilization ratio of fly ash
is about 10%, the ratio of blast furnace slag is about 70%, mainly for cement irdustry.

2) Concrete

The development of engineering and technique has set different requirements
on the properties of cement and concrete products. Consequently, cement and concrete

with special properties rave thus been produced {0 meet variocus regu.rements.

China today has more than 60 types of cement, 20 of which are always

manufactured for makirg various kinds of concrete and comncrete p-oducts.
(1) high~early strens*h of cement concrete

The quick-hardening cement concrete is mainly made of tricalcium silicate-

tricalcium aluminate, calcium fluoraiuminate—calcium silicate, calcivm sulphoaluminate-



calcium silicste, calcium alumimate and their four derived
systsss, For erample, the quick-setting and quick hurdening
sluninate cement concrets has a compreasive strength up to
200 Kg/cm2 in cone hour safter cast, and 300 Kg/cm2 in 3 hours.
The conpressive strength of another cement, the quick-her-
dening silicate ocement, reaches 200 Ig/cm2 in 4 hours after
ocast, The concrate preduced with early sirength sulp-zlumi-
pats cement or aluminous cemsnt has an appliicable sirength
in 6 to 24 hours, In addition, the cement for sa2nd wmould,
wnich is based on oslcium fluoraluminate-calcium silicate,
has heer succeasfully used in machine tuilding industry.
(2) Cement concrete far water works

Special cement u3zed in the aonstruétisn of dans and
hydraulic structures is alag low-hest portland cement and
pure portland cement, Owing to ite low heat of hydration
and scour Aurability and freeze thav resistance, thik type
of cement has applicated for 30 years, The sulphste-reuis-
tant portland cement and high sulphate-portland cement éou-
crete have yielded an emcellent result vhen used in ses
and tunnel works,

(3) Expznsiv& and 8=1f-siressing concrete

Approximate ten types of variocus expansive, shrin-
kage—conpensating and self-stressing cement concrets have
been produced in China. The Jxpansive cement ohlefly ine
cludes:

The alunite expansive cement of silicate syst:m and
the gypsum alumine e.pansive sement of aluminate sySten
vhieh expand during the formatiom 0f aalcinm sulphate hy-
drate, and the pouring ceaent of =ilicate system which
expanés when the lime produces calcium hydroxide., They are
reapestively used for steel vires'anchoring, anchor bolts

tlxing, machine base ocasting, leakage proof and jointing.




The sclf-stressing cement comprises siiicate gelf~
axressing cesent, sulphosluminate self-s‘ressing cesent
and aluninate self-stressing cement which producs self-
stressing in the formation ef sulphoalucipate hydrate
and is mainly gsed in making self-s‘ressing concrite Plo
pes. The self-stiressing value of sil’cate self-stressing
concrete pipes ranged dbetween 20 Kg/cmz and 30 Xg/e:z
vhereas that of sulphoaluminates self-stressing ccnorete
comes to 40-50 Kg/cmz.

(4) Beat and fire resistant concrete

At present, China turms out approximately 20 typed
of acacrete resistant to high temperaturs. Of thése, thare
2re slumina cement, low calcium content aluminate cement
and aluminste concrete of fire~resistance. With these,
refractory concrete product, plastic refractory matsrials
and thermal insulating and heat resistant light-veight
materials are produced and used by
metallurgical, chemical, 0i1l snd cement indusiries in
kiln lining, Irn addition, there i3 phosphate 3system's

heat resistant noncrete which used in high temperature
and shragion resisiznv 1-. ig and protective layer,
{5} Glass fidbre resizfnrze: oconorste

Glass fibre reinforued concrste possesses a high
terding, {mpact and tensile strenrth. Recently, ve try
to produce glass fibre reinforced concrete products dy

using 2r3. to change chemical oompesiiion of glass fibre

to raise its alkaline resistance, loweeing cement alka-
linity amd coating the glass fibre vwith organic matter,
Por instance, by adding zn appropriate proportion of g£yp-
sun and cosl ash to early strength sulphosluminats ceaent,
a glass fibtre concrete 1s prooucod'and a8pplied in nadh-

faoturing composite external wall parels which 18 employed




-3

in eonstruction work.
(6) Stte fibre reinforced concrete

Conorete reinforced by suori-cut stsel fidbre has excel-
lent toughness and imgact and explosive resistance, The
trial-produotion of this material has beeg-accOuplishod in
Chins, Its compressive strength reaches 000 x;/caz and the
bending strength 150 Kg/cnz, whereas the impact strength
418 3 times over that of ordinary concrets, It is muinly
used in special explosion and wear resistant engineering.
(7) Polymer impregnated concrete

Polyaer impregnated conorets is of a compositc ma=
terial of organic and inorganic matter, The polymer im-
presnated concrete developed in China 1s impregnated in
copoly impregnating liquid based on diyrevne. This concrete
hus a superior stre.gth and corrosion resistance, Its con-
pressive yirengtr rapges between 1200 and 1500 Kg/cmz, cra-
ck strength 200-250 Kg/:ﬂz, bending strength 100-%50 x;/c-.,z,
and modulus of elasticity 5 x 105 Kg/cmz. Also, it hay ex-
cellent properties ¢f akkaline and salt dursbility as well
‘@83 impermesbility and freeZing resistance, It is chiefly
used in apecial engineering, i.e., corrcsion and abrasion
resistant engineeriny.
(8) Aeratad soncrete and lightweight agzregate cap-:rete

The production and application of serated concrete
20 back to 1930 in this country, Since 1974, 26 aerated
conorete plants have been set up, each of which has 4 capa-

city of more than 50000 m3. By the end of 1979, the cutput

0f the whole nation had reached 700C00 m3. At present, China
altogether has 33 asrated concrete plants and 1+%'s capacity
bes been reschsd to 2 x 106 n3. Concerning the mix propor-
tiona cf aerated concrete, we principally adopt the formula
0g. ce=ent, 8lug and band. Hovever, we have wiso 3tudie.. the

following formulgs: cement, lime and sand; lime, cegent
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snd coal ash; lims and coal ask; l:ime and %ailing powder ==
vell as cement and colliery spoil, eic, In addtion, stu~
dy has been carried on the Zechmique of reinforcement
corrosion prevention and masxs cutting. Owing to its low
density, excellert heat insulation, easy yorkability and enen-
gy seving, the aerated conarets bas been extensively used
{n industrial end civi’ian bdbuilfings. For exsmple, sera-
ted concrete dlocks are used as bearing wall in 3-5 StO~
roy duildings, aerated concrete bkocks and sladbs in fao-
tory buildings, as well as large 3izs aerated concreste
panels assembled at jobsite are used in the malii-storey
dwelling buildings.
| In our cnuniry, research wvork for artificial light-
welight aggregate was startaed in the 1950s. Several pilot
plants were set up in the 1360s for trial-producing ex-
panded clay aggregate, sxpanded shale aggregate and sin-
tered fly ash aggregate. First sintered fly asn szgregate
plant was put into acticn in 1967 and L2s been operating
successfully frea then on,At present,Several large sin-
tered fly esh aggregate planté are under conatruction,
Sintered fly ash aggregate concrets has been widely used
in dwelling tuildings, cement boats, bridgs deck aud
other works,
2. Cement and concrete products
1) Cement pressure pipe

China has trial-produced asbestos cement pipes, 3~
stages prestressed concrete pipes, salf-streasing cement
pipes, one—stage prestrezsed oconc~ete pipes, large: disee
metar jrestrossed concrete pipes and shert asbestos con-
cTete wall pipes for irrigation, For the aluzinate 3elf-
stresrng cement pipa? and Sulphate self-siressing cement
pipas zade of corzrets at 1:2 of cement : fand, their
s¢lf-strevsing waive osn resch 60 Kg/cmz, The rupturs
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pre.sure of ceaent pipes ef diameter 800 and 300 mm reachea
to 18 and 25 Ig/onz. respectively, The neviy deoveloped pres-
tressed-sslf-stiressing cenent 011 pipes of dismaeter 100 mm
bavs & vork pressure of 20 I;/clz ad a rupture pressure up
tc 50 Ig/cnz. Also, verious : pws of Self-stressing cement
gas pipes of dlameter up t¢ 200 =m hdve deen trial-manu-
factured,

As for the pipe manufacturing techmolegy, ve adopt 3-
stage process, one-8tage process, vertical vidration shap-
18g mnethod, core-mould with vidbration method, roller-
suspensicn technology, eto,

In order to use the integral tvvas of pipe mould, a vax
iinaing techefquas: has been deve}opod to render the demoulding
cperstion very easy, China teday has more than 180 cement
pipes plants or shopm, capsble of making various types of
ceuent pressure pipus of diameter 75-2200 mm, and with an
annual productivity up ta 3000 Eilometera,

.Cenent pressure pipes Lave bdeen videly applied in urban
vater supply, oll and gas transpcrtatior, pover irrigation
and drainage, bittemmn transpoftation as well as ash discharg-
ing engineering. Cement pipes have deen used widely in our
country, because they have many advantages, such as saving i,
ateel by-80% when_repls~ing metal pipus, long service 1life up
t0 30-50 years, coﬁvnnient construction, easy availability
of rav materials and less investuent,

?) Ferro-cement boats

From 1958, & year when the productivn of ferro-cement
bosts started, to the end of 1976, more tham 100 types of
ferro—cement boats were trial-produced in the vhole nation,
“the total tonnag® peing up to 3200000, and more than 800000
" fonnes of steel and 2.5 x 10° n° timber wera thus saved,Tedsy
this country has 600 ferrccement boats menmufacturing units
viwn an emnual capacity of 600000-707000 tonnage,
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Ferrcocement bosts can be divided into 4 categories a¢ orde.
icg t0 their usages
{~{1) Farming ferroocement boats

in generasl, thes length of a ferrocement boat .does aot
exce9d 15 m and 133 deadweight ia under 15 tomnes, The mxin
engine of a notoi ferro-cement doat i3 under 40 HP, Yoraing
ferrocement docats have the folloving types:.irrigation and
drainsge boat, sludge dig bost, small pover-generating boat,
fertilizer boat, eto,

(2) Pishing ferrocement boat.

There are two types of fishing ferrocement boatss

freshvater fishing boat end marine fishing bdoat,

The freshwvater fishing boats work in rivers,lakes
and reservoirs, in which the motor fishing bosts baveca
20~80 horsepover waln engine., With respect to aarire fishing
boats,their length veries from 11,5 t0 30 meters und their
deadweight 5-100 tonnes, wvhereas the main engine of motor
ones ranges between 20 aud 300 horsepower,

(3) Transport ferrocemert boat

This categoryY oompilses cargoc bost, towboat, bargea,
passenger-cargo boat, bulk cement transpori boat, vater
supply boat, 00ld storage boat as well as ferry bdeat,

China has duilt 3000 4onnes coastal carge boats,1320-
horsepowsr tovboats and 60C horsepover passengsrocargo bests
of 500 seats,

(4) ¥Working ferrocement boat,

Bere, working ferrocement boats mean those s conducting
spcial jobs in waetar, such a3 storage boat, crane doat  pump-
tng boak, pile driving bwat, light bost, dormitory boat,
Tlaeting ecck,marins driiling doat, etc,

Tais county hes built 10000 tonnes reinforced ooncrete
floating docks, =2nd marine drilling boat,etc,

T™his ocountry has »nuilt 10000 tonnes reinforced cancrete



33,60 o o2 tot 1 width and 14,170 = of totsl height with a lif.
$ing power of 6500 tonpes.

The merit of ferrocemen® boat i3 saving in ste4l and timber,
generally speakirg, i\ can save 50% steel or 80X wood &3 compa~
red with a steel doat or s wood doat, In addition, it 1+ supe-
rior with respect to corrosion resistsnce, durahility, 2asy
paintenance and repair, etc,

3) Concrete railway sleepe»

Today our country hss a capawelty of 5,000,000 to 6,000,000
conorets slsepsrs, From 1958 to 1378 the total accumulatsd out-
put of concrety slsepars.came to more than 52650000 pieces for
24000 Tilometers railway.

At present, the country has 17 concrete asleepers manufactue
ring plants hciding 22 rroduction flow lines, The 2 X § scoxbi-
ned moulds are employed in these plants and 10 sleepers are
shaprd on a 1 x 5 combined vibrating base 2t 8 time and con~-
vcged on roller arrangement, The annual oatput 0f & large sized

plant reaches 5§ x lus

to0 1 x 106 Sleepers whereas that of a
medium or ==3ll sized plant ranges between 1.5 x 105 and 4:105
sleepers. _

0f ihese, the Funtai Bridge Girder 2lant located in the
south-¥@stsrn suburb of Peking produces conzrete railway slem-
pers, The strengih of the comcrete is 500 Kg/cmz, the cement con-
~ent is 410 Kg/m3, v/c=0,55, cement:sand:gravel=1:1,54:3,2,
The sleepers are losding-vibrated at a frequency of 3000
ayocles/winute for 150 seconds, and cared without pressurs at
go_gsoc for 7-8 hours.Ths relaxation strerngth is 350 Kg/cmz;
The snnual output s 1 .x lO6 sleepery corresponding to 99000m3.
4) Conarete pcle and pile

Cengre+e pole for lighting and powsr transmissicn has a
superio> bearing strength and durability ovir that of timber

polas, Our countrv began to produce coumon reinforcesd concrote
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poles with centrifugal shapings process in the 135Qs

snd to produce prestressed concreie pgipes in 1560s. The
latter have higher cX¥ack resistance, rigidity and dur;-
bi1ity, ilowar reinforcement percentages and lower cost,
At present mc3t of the plants im this country emplcy ¢

5 carbon steel wires {/n =150 Fg/um?) as .einforoement
of poles and anchorage snds of reinforcemsagt are forued
with cold upsetiing, The =itrength 0f pol. s vhen demoulded
is not umier 300 Xg/cm2 and the 28-day streungth is not
less then 400 Kg/cm2, Ia respect to the lengtir of poles,
there are seven, i,e, 7,0, £,0,8.5, 9.¢G, 10.0, 1.0, &nd
12,0 meters, The large dismeter varies 2Zicm 263 to 350
mm 2nd the wall thiekmess of ail poles ix 35 mm, The
piles mve 9-18 wires of mairn reinforcecent (# 5) and
selfweight of 400 - 780 Ko each one, and c¢abeddied depth
¢ their bottom and in ground would te 1,.5-2 L,

Trhere are two types of shaping for concrete plles,
namely, vibrating s=nsping and c.1trifugsl Qhaping. The
prestressed concrete pile has aa advantage of high imoace
registance, saving in steel and.recduction of cost. The
length of piles i3 8 and 10 ® with exterior diameter 400
and 500 am correspording to 240 a=d 390 mm of interior
diame<er. The ceatrifugal shaped concrste piles nave a
strength o’ 450 ¥g/cm? in 28 days and R360=~600-700 g/
c12, The atandard strength ( 4:2 bf the main reinforco-
meni of concrete piles in 5500 Kg/cmz and the efiactive
prestress value of the concreta comes to 50 Kg/cnz.

5) Asbestcs cement products
Chira hzs a rich azbeatcr resourcve, novever, the
antual outous is only 12C000 tonnes, Today, this country
pz2sesges 60 unlts which producs asbastos cement shingles
{or =heets) with a productd vity up o 40 X 10° z2, put
gt present the anrwal output is no wore than 20 X 106:\2.
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There are approximatels 70 ssdbestos cement pipes manufactur-
ing units vith a capecity of more than 8000 standard kile-
seters, dut the ocutput in 1978 i3 only 1800 standard Kilo-
meters,

Our country begsan making asbestom cement pipes in 1954,
adopting wst process, semi-wet process and dry process (rol-
leér suspension nrocess), According to their specificestions,
a%bsstos cement pipes are divided into induatrial and agri-
cultural pipes. The industriel pipse include water pipss,
bittern pipes, gas pipes and oil pipes, vhica are 75-279 nm
in diameter and 4-5 v in length. They are also divided into
lov pressure pipes (4.5 Eg/cm?), medium pressure pipes and
high pressure pipes (10 Kg/cm2). The agricultural pipes
ipclude well pipes and pressure pipes: The diameter of well
Fires rangss betveen Y85 and 300 oz, and the length 2 to 4
m, The sgricultural pressure pipes have 4.5 Kg/c=2 working
pre=sure and used in water pumping and Sprinkling irrige-
tion,

6€) Prefabricated concrete products

China nes mors tham 1000 prefabricated concrete com-
penent® plants with a capacity of 7 X 106 - 8 T 106 &3,

Thay can préduce various typss of concTeie compraents, i.e,,
tgams, =labs, columns, pipes, piles, poles, etc,

Referring to shapirg techmology, the follewing have
ocne intc being in recent years:

The voocuz devatering technolozy, wall panels and
floor slzbts preduction lines, cirdular productien lines fer
pedium mized blocks, pull-eut aore with vibration fer hollow
slab, lift form, push-preasure extrusion method and the
production lines with the combination ¢f shaping apd curing
(1.e. tunnel kilm, vertical kiln and "7—\" shape kiln). Ais

for the curing tecnnology , thera are following processes:
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deep pit curing, kilp bedy curing, hot zix with hot movld,
infrared ray curing, solsr =nergy curing, d4ry hesat ouring
and wet heut curing, ete,

Adreixtituares, empecl!ally vater-redusing agents, hawe
been applied mere commenly in the praduction of ecvm=nt
prodticts and conorste cewponents, Just like %he preatress—
ing technology, th) wster-reducinsg agents have becoms an
ipportant factor in improving properties of cement produ-
cts, From the 1950s on, cur ceuntry hts begun using ptlp
vaste as a plasticizing egent, and leter on vaste-nolas-
363 a8 8 vater-reducing agent. In the 1970s the sdvancea
of concrets construction technology gzve u boost 40 the
research and production of water-reducing agents., China
today has developed approximately 10 types of water-redu-
cing agents, among which lignosul phonic acids and
their salts, FNO 'f'sale of naphthalinesulfonic acid and
its derivaties, MF, Bl, NP and ONF, etc., are of superior
prorerties, In addition, there are melamine, epoxy resins,
bumic acid sulphnted taw, etc, Additiocn of water-reducing
agent of 0,2-1,5% weight of cemert can reduce the mixing
vater content by 5-25% when k.eping the workebllity ocon-
stant, er increase the slump by 10-20 cu vhen keoeping
w/c ratie constant, er decrease the cement ~ontent by
£~-20% when keeping the concrete strength constant. Alse,
special concrete and its preducts with different proper-
ties can be made with different types of water-reducing

agents,
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