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Explanatory Notes

Valuc of the local currency during the period of the projcct
was : 5,0 Syrian Pounds for 4 US Dollar

Th.oought the report the following abbreviations are used:

GeCeCo ¢ for General Orzanization for Cement and Buildin::
Materials Industry, Government Implementing
Agency in the Projcet

LelleCe ¢ for laboratory of Ministry of Communication

T eTeRla ¢ for Industrial Tusting, Research and Developnent
Centice

ABSTRACT

Title of the project, Assistance to the developuent of the
Construction and Building Industry

Numbcr of the Proj.ct: DR/SYR/80/001/11-03/3241.K

Purpc.ic of the proj.cts Evoluation of the possibilitics of usin-
volcanic matcrials in the bhuilding industry for

~ produetion of pozzolinic (blended) ccment

~ producti n of hydrazulic lime

- producti-n of ligshtwcight agsregate concretces,

Objeotive of the missions: cerrying out investigations with
pozzolanic rnaterials (details in annex 1)

Duration of thc missicne 2 August — 31 October 1981 (in
Damascust 5 sugust -~ 28 October 1981)e

Main conclusions and rccommendationss It can defiaitcely bve
stated, that many volecanic matcerials arc available in the
Syrian Aral Reppblic to produce tlended cement, hydraulic

limc and 1lizhiweisht aggresatce concretes, but their qualitics
arc not thoroushily investizgated.

Expert begmn to investicate the materials suitable for hydrau--
lic lime @l lightweisht aggregatc concrete and to train a

few collalorators in GeOeCes LeMelo and I1gTele but thesc in-
vestigations were only the first steps to clear the ‘most
importunt propertics of thc materials (dctails in Anncx 2,3&%4),

2/.0.
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Expert skctched t-.. Jotailed psrogram of the invesiigations

.

(Anmmex 1), hecordia- bt~ tiiz work schcdule, thv research work

a can last about si< iatus o ¢ single tyvpe of the agaregatuse

Expert rccomrrar .1 thro: altornatives for the performance:

Y The reccarcel work csn be ordercd from a forcisn Research
Iustitutc weil cquipped and possessing experiences in the
ficld of vol.anic matcrials:

%)  Onc collubortor of GeOeCe can be scnt to Torcisn follow—
ship for trr.ning of duration of six months ana this colla--
Lorator will conitinue the investigations beguns

c¢) The project an bo cxtended with duration of onc year and onc
UNIDO cxpert shall ve scleeted for the post, the goal of
which to ccrry out the 1nvest? tions acco ~ding to Anncx 4,

A,
Novertheless, to . investic-ations con start in Damascus only
” aftoer cquippin, [ .TeRe with suitalile instrumcnts, machines, cte

for carryin<g ov* ccnercte rusearch worke

3/ eee
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INTRO0DUCTION

avundant 2w oterials for various building nateriale in-
dustrics ¢xXist in nany parts of the Syrian aro’. Topublice
Exccpt for the oxisting cument works and their cxtensions uns
execution, thc other building materials industrics arc not o -
quately developed 3o far, The production of lime, ~ypsum, plas.
and pr.fabricated buildin - Llocks arce known on a small scale,
dispceisced manufactu 1.z r.ocissces, whoreby tho quantitics anl
qualitics are not - i .l ¢n cconomic industrinl standards,
There is an iy “ontion to iatrsduce some of the most 1laportant
building rote iais iaustrics, with ambition targets involvine
wide dispersel of thesc andustrics over the widest possible
arcas all over the country, taking into considcratior. that long
transportation of most buildin - matcerials is not in favour oFf
constructionazl cconcrics,

N

This situatisn crcated the neced for technmcal assisstance for
the develonment of new building materials industrics accordins
to prioritics imposcd Ly raw material resources and ‘ong tem
requiroments Cor building matericlse

lMore reports rure propared in the last few yeoss (cnumeratod
in Annex 1, Canpter 4)e Three of them arc impo.tant in the ro-
lation to the wepic of this reports madc by Mr, Bozansvie (1970}
Vy lre Wrijic (in 19530) and by Mre Kcpinsky (in  )31).

lire i0zanovic suggested to cstablish rescarch ~ liboratory for
investizgntion of cvery building material, incluling concrcic,
Mre P:rijic perforr .l invecti :atinns for making blended ccenient
with . ~ound volce..i: : atorinlse Mre Kepinski orked out the
industrialization ; -aitilitics of concretc productse

These reports mnde ~anceeszory £2r the expert to deal with
blended corme 1t as well as with prefabrication »f concrete unite
in ~.neral, Chis work, thercforc, could ve limited ¢ theo pro.
Lluas of hivdraulic lime and of lizhtweight ascrate comcrctos
The ssisstrnce wag requested from the Syriarn Governnment on
auust 1961 and approved by the UNDP, The capert was celoctod
the posi on 10 March 1981, %the project-was bersun on 2 awrust

1‘:)‘11 :lnd l’f)tkd t) 34‘ Oct\).l,"vl" 19,’"'.1‘
iy
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The ¢ - =operating a-ircy (Govermment Implementing Agency) was

the General Orcanizotion o Co2ment and Building Materials
Industry,

The total contrilbution of UNDP, 2ccording to the Project Documen
cones to 133600 US Dollars cn:! thoe UNDP's contributicn to the
riission reported was 14 400 US Dollars,

The original objectives of this mission, according to the Proj.ct
Docunient and Job Description wires
- the soological suvrveying ol volcanic matcrials  lcposits,

- assegssment of availiable data 2lready revecled, conducting th.
napformance of further phycsical and cherical investigations,
_. posal for further research vork,

- proposal for quarryinsg and industrial proc:sscs zand raticaal
application for the mat.rials,

- cvaluation of binding propertics for pozzolonic materials,

- spceeial otudy duvoteld to porous pozzolans o ligshtweisht

aggresate concretes,

- 5tuwdy of possibilitics for application of pozzolanic maturicale

for the production I precast concrece dlements and
- poactical cemonotratiocn of possibilitics for the utilization
5 " colourcd pozzolans in concrete work for plastering facal.s

These objectives wore revisod at the first discussions with the

Government It plementing Agency (G.O.C.). The rcason of revisins

are as followss

«) The Syrian Government gives priority to further rescarch woo -
for testing volcenic materials derived from diffcrent rozioc

L) The Syriun Government is keenly interestod in development 7
prefaliricatel concrete, thercfore it gives priority to the
lightw.izht aggregate conerctes in the further roscarch wors,

¢) The Syrian Governmcnt is  also interested in making hydraulic
line with pozzolanic matcrials for renderinsg mortars on sur -
faccs of inncr and outer wallso,

?) The Syrian Govermaent is prescntly not interested in produce
tion of Llunded caoment, ratho-~ it considers the investigatiorn
up ti1l now to b sufficiocnt,

8/eee




According o tac 2bove, the mission was princrily concentrated
for the investization of producing lichtweight azercsate cone
cretes and hydraulic limee

The results of thiesce investigations are reportud in annex 3 & o4
There were no formal training arrangements, but on the job
training took placc in LeMeCe (with participntion of one 3co-

1o :ist from GeOeCe, furthermorce onc geologist and on. techniciz
fromn LeMeCe) in the fiild of li-htweisht agsregoate conerete ine-
vesti -ations and Later in I.T,Re (with participetion of onc
~cologist fron GeOeCe @s well as oue technicizn and sne lavborant
fron IeTelle) in the ficld of pozzolanic activity investigations,

The positive result of this on the job trainiun: was that thc
adviser coull introduce the countermart in proilems and methodls
of investi-aticne This training was not; however, fully cfficicnt
because the available equipments, instrumcnts did not maxe the
cxaut rescarch worc possille (in the LeMeCe thirc arc no crushe -
screc er, mixer 210 -onpacting machinc) and the progress of th
rcsct ~ch work was v .»r =lsw owing to the insufficicnt moulds
(only cizht cylin’ =3 wer. available)e It was ifpossible to cnmu
the rcquired wecuicy in ruding, wixture, mixing and compactin

Noeverthcl . ¢, th.e results of the investisations make the eva.-
luation poseible and the adviscr, being supported by his oXe
oericenees of more ducades, can assumce the scicntific responsi.-

Lility for his prosunmptions,

RECOMMENTD.LTIONS

1e= The investisated volecanic matcrials arce suitable for makinc
lishtwei vt wrererate conerctes of different quelitics, thor.
fore th ir quarrying and utilizing in the uilding industry
can b. 4zkon in z2ccounts Mcth:ls of quarr;-iags cai be cstal.-
lished oy eoatrollin~ the uniformity of th. rock quality iu
211 tu. volcanic deposits, whoge locations arc suitable for
paarrsie (water, olectricity and road arce .vailablc)e
Primorily the materiuals of cach deposit should be clagsific
oy ocular cstimate according to their coluur, density,
¢ 'rface structurc, -.wlarity, ctece and f-om cach class ou
 $erinal, san,’ o of © Tow kgs (5-10 kae) should be taken,

‘}/coo
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The saiples shoull be investigated in laboratory (specific
sravity, w.t weisht and crushability of tho rock, further
more the Wl k demsity and stronsth of particles from the
erushcd ma% rial), For crushing, jaw crusher in laboratory
scalc is ad -isablce

The uniforacty of material in one deposit can e cvaluated

by mathenctical statistical onalysise If the standard deviation
of above propertics (that of the bulk dwnsity and strength
primerily’ less than 20 pet (variation coofficicnt), sclec-
tive quarying is not nceessairye, If the stancarc deviation

is morc t..ra 20 pet, matcrial cof suitable uniformity for
producins T ightweight aygregatce concrete can be obtaincd by
s¢lective unarryins onlys

Becausce o the satisfactory properties of the tosted mater--
ials, it 2un be rccommended to continue tac investigations
780 with nat.rials ¥ the other voleanice territorics which

e near t>y . .oct irportant districts signed for develop--
- nte The nat. iudle ~f other deposits shall be elassificd
accordines to tlic abitl,

Aftcr ho ng claseificd meterials of depesits in Shahba,
Racca anc dassake, from the different groups of quality
samples :lout 5-5m3 in voluwnc should be taken for detailcd
laborato s investigatioms (scc Annex 4, Chapter 36422, 3,23
and 3,24 . Thc rock should be crushed, thc crusher employce
depends »1 the results of crushability's investipgationss

if the fine grains quantity was less than 30 pet after
erushin~ in jaw crusher of laboratory scale, for crushing
rock, hirmer or giratory crusher can be cmploycd, If the
finc sr.ons quantity was equal to about 30 pet, jaw crushcer
can be 1:ed to producce aggrcgatee If the fine grains quane
tity wes higher than 30 pet in the laboratory crusher,
rollcer zan be susecsted for erushing big samplee

It can '« recormendced to caryy out the irv.ostigations in
Damoscus at IeTeRe For the timc being, I,T.Re is not cquip--
ped for concrcte res.arch work, the Syriaa Arad Republic,
owever, is not to . dispenscd with suitablc laboratory for
nvestigatiin - vror- T.ilding matcriale

10/ es e
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The necessa:y instruments, nachines, ete,, arc dotailed in
the Report «f Mr. Bozanovic, Tt the laboroatory has to be
complcted ~4th jaw erusher in l.iboratory scale, instrumcnts
for invoesti- ating azorczate strength, ercep of conercte,
moulds of L fferent sizesy cte,

When the 1 orotacy for coner_te research work is equipped the
investisatims can only be startced and carricd out cither oy
syrian coll:borators or by UNIDO adviser,

I7 the utiliz..tion o volcanic materials is ursgent for the
Crrian builii.- industry, foreign rescarch institute can bo
¢ missioncl to corsy out the nccessary investizations,

If the i~ ti, ations will be carried out by Syrian collabo.-
ratore, t cinin¢ is necded in a foreigh Riscarch Institutc
vihich has (xporicnees in lightweight aggregate concretcs

For this I" rcign fcllowship, duration of six months can bo

recormend ( a

If the im stigations will be carricd out by UNIDO adviser,
nreparatior. of job description can be rccommcndcecde The job
deseriptior. has to contain the requirements for investigations
toth of rock uniforaity and tcchnology. For this job, dura.-
tion of tv lve rionchs can Lo taken in account,

If the ir7 stisataons ~ill be c-rried out by forcimm Institut.
properatisy of callineg t .nder can be sugresteds The calling
tender coa e reesmmendd ' to send out primarily to rescarch
institus. ¢ in Fur.se {(Dulzar. , Denmark, i land, GeDeRe,
GeFeRe, ' 2.cCcey Hun miry, Poland aond UedeS,.li.! have research
institut.: having cxpericnces in lightweight agarcegate
cwercteni,

© o investiges. " aatoviuls can be utilized, in all likeli.-

Voo, as foll:wuo:

- mat.ri~l . Shoi: o s suitablce to niake thermel insu-
1n ¢ e ant 1o bearing (iece intemacdiate) concreto.
Tt :an Lo cxpected unit weizht of 100--1400 kg/m3 and
cosoressive strength up to 10 MPae

11/0-.
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Por makin aggregatc, crushing is not ncecssarye, The
grading - thi original matcrial is not satisfactory,
therefore it has to be completed with natural fine sand
(0-4mm) i the required strength is more than 5 MPa,

- HMaterials ¢f "'osak'. ond Racca are s:itable to make load

* bearing corer t.s with compressive strenzth up to 25 MPa
and with 'ni% wei:;it up to 1900 kg/h3 (2ry unit wcisght),
For mrl ..; asgwe ;ate of suitable srading, using jaw crmasher

or .21 will be probably neccssary,

In th¢ Syeian Arab Republic making concrete walls is in

gencral vsc but it dissatisfies the corifert:cond=tions,

the tep  rature sensation in the rooms :s disarsrcable owin-;

to the < 1d walls in +thc cooler seasons, Therefore it can

highly ¢ rccormmendcd to displace ordinar; concrete walls
by light: 2ight conercte ones,

For tcck: 2logy of productior of lightweight cumerete walls,

the fol . vin: metiods can L recommendceds

- na g aaconry wnits (sizes eefe 30::20x202m) in machincs
vh 1 compect the concrete by vibrating under pres.-
su* of 0,11 Mﬂmﬂz (so callcds vibropress)e Thesc
nacr tnes are available together with coment and aggro-
g silos, with balance for dosagc, with mixer and
wist transportation facilities for the fresh masonry
uni s,

— mac.n; . ents of medium or bis sizes (ceze 150%X90x
20 m or _00.,0:20 em) in moulds cquipped with outer
vitecators whinl compact the concrcte only by vibratin-
e after compacting, iac moulds can be taken of from
i . fruesh conercte, The fresh concrete has enough
¢ 1 esivity to tcke a firm stands These viLrating
.y 1ds can be avajadlblc together with silos, balancc
r:icer and transportation facilitics,

Q¢~= For meking tydraulic lime, primarily the matcerials of Racce andd
Shahba can !¢ rccommended, the material of Hassake, however,
has also h;- raulic activity, Thc raw material must be ground
to ninimurm ;000 cmz/g in gpceific surface and mixed with hydra-
ted lime ~f about 40 pet Ly weint and with plaster (of Paris)

‘ of 3 12t °; woight,
' 12/e 00 !
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The binders arc suitablc for making rendering and plastering
nortar,

1o~ Thc materials investigated can be employc: in the Syrian
building industry in a suitablc and economic way only, if
the Codc Practice of their utilization to li-shtweight, cone-
crete and rendering mortar are preparcds
The pr.paring Code Practi .¢, detailed investigations arc
recomiended according to the Recnmmendation 4,

13/000
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REPORT

The work performed :y thc UNIDO adviscr is summarized as

followss

ti.. preliminar; informatvion, discussion and time table of
the adviscr activity arc rcvicwed in Annex 1

the programme of the investigsations is outlincd in Annex 2

the investigations of volcanic materials for making light
weight acsregate coneretes carn be found in Annex 3,

The most important information about lightweight aggregate
concretes are summarized in Annex 4

the investisations of the pozzolanic activity arc shown
in Anncx Se




POST KEY CODE: IP, 001/011=03/32¢1 K

fe=  LNERODUCTION

Abundant raw materials for various building materials in-
dustrics exist in many parts of the Syrian Arab Republic,
Except for the existing ement works, the other building
materials industries are not adequately developed so far,
There is an intention to introduce some of the most importar:
building matcrials irdustries throught the Five Year Nat--
ional Develonment Il-as with wide dispersal of these in-
dustries over the wicd.:t possible areas all over the country.

It was +. erefore decided by the Govermment to request UNIDO/
UNDP technical assistance to establish comprehensive studies
within the scope of a building materials project as a pre-
liminary stagee Results of these studies were lead to the
formulat:ion of a Project Document,

One of the outputs of the project was the development of
using pozzolanic materials,

According to the job description, the expert on the field
of pozzolanic materials is expected to prepare a feasibi
study comprisins.

a) A full survey for volcanic cinders with pozzolanic acti-
vity and clearly classified according to their techno.-
lozical characteristicss

b) Assessment of available deta for physical and chemical
properties for pozzolans, conducting the performance of
further physical «.2 chemical investigations and pro-
posal for research worke

¢) Proposal of suit:le scope of utilization for various
types, drawing up o appropriate quarrying procedures,
trarsport facilities, industrial ‘processes and rational
ap.licatione

d) Evaluation of the binding properties for pozzolanic
materials with hydraulic activites and a study of the
teehnical and econnmical consequences for the production.

2/000
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e) Special study devoted to pozzolans as aggregate of light
weiznt concretess

f) Study of the possibilities for making precast concrete
2lements with pozzolan aggregate,

g) Practical deronstration of possibilities fer the uti-
lization of color:d pozzolans in concrete for plastering
facades,

The exjc: 5 is also expected to prepare a final report set-
ting out the findings of Lis mission and his recommandations
to thc Govermment on further action which might be taken,

POZZOLANE

The composition of pozzolan or pozzolanic material is sili-
ceous and aluminous, and varies widely, A combination of
pozzolan and lime was historically the first hydraulic bindes,
This was developed by the Romans more than 2000 years ago

for various conerete structurese Parts of such structures
still stcnd today, One of their quarries was near the town
Pozzubli, which provided the name pozzolan for this group

of latent hydraulic materials, Pozzolans may be natural in
origin or artificial,

Naturally occuring pozzolans include volcanic tuffs and
pumicetes, tr.sses, diatomaceous earths, opaline cherts and
some shales, these form pozzolans class N according to
ASTM C 618=T.e

Many countries have .o 4ablished specifications for chemicel
and phy: ical properties of pozzolanse The chemical require-
ments U vally call for a minimum 70~75% ot the pozzolan

to be conposed of 3102 + A1203 + Fe203. Unfortunately, the
latent .iydraulic ability of a pozzolan depends primarily
on its ~2active, or soluble, silica, alumina and iron oxide
contents, these are not identical not even proportional to
the totsl silica, alumina, and iron oxidc contentee The
silicecus ingredient is in an amorphous state in a good
pozzoline (rystalline siliceous materials, such as quartz,
combir: with lime very; slowly, except undcr curing at high
temperctures,
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Also calcination, that is, heat treatment, or chemical
treatment: mey increase the reactivity of many latent
hydreulic materials but not ali of them,

There havz been several chemical and physical methods recom-
mendcd for the determination of the amounts of reactive in-
gredients in pozzolans, that is, for the prediction how a
pozzolanic materizl will behave in a mortar or concrete,

but none of them is completely satisfactory yet,

Two methods .re spccified by AST™M for the estimation of

pozzolanic aztivit;:

g) With portland ceizii by making sand mortar cubes where
354, "y absolute volume, of the cement is replaced by
pozzolan and the obtained compressivc strengths are con~
parecd to the compressive strengths of comparzble control
cubes made with 100% portland cement,

2) With lime by making # 5 x 10 cm (2x4 in) mortar cylinders
that coniain 1 part hydrated lime; 9 part of standard
sand, by weight, and pozzolan equal to twice the weight
of lime multiplied by a factor obtained by dividing the
specific gravity of the pozzolan by the specific gravity
of th: limeg¢ After a special curing of 7 days the com-~
pressive strength of these sylinders siiould be at least
545 1Pae

Accordinz to the MSZ (Hungarian Standard) the pozzolanic
activity is investigated with lime by making 4 x 4 x 16 cm
prisms that contain 0,52 part lLydrated lime, 0,45 part pos--
zolan, 0,03 part gypsum and 3 part of standard sand, Gypsum
(plaster of Iaris) is added to accelerate settinge

Latent hydraulic materials can be used to make cementitious
materials in the forri of blended cements in different ways.
They can be also added to the concrete or mortar mixer to-
gether with portland cement and aggregate as finely divi-
ded nineral aduixtures¢

The justification for using latent hydraulic materials can
be economical and/or technical,
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It may provide the possibility of reducinz cost by saving
in the amoint of cenient used; 2 corccrete containing such a
naterial, if properly and economically proportioned, will
usually include a smaller amount of portland cement than
would otherwise “c icquirede Therefore these materials may
be used as "replacements™ or " substitutes" ( in Geiman:
Ersatz) for part o. the portland cement, Since the gravity
of most of pozzola.” is about 2,5 g/bm3 and that of the
portlan?® cement is about 3,15 g/cm3, the absolute volume of
a re-lac.ment by weisht will be 20-25% creater than that of
the cament which is replaced,

The tcchiical advantages of using latent hydraulic matericl:
are usu.ly more important than the economic reasons,

They nay scrve in the fresh concrete as correctives for
mixtures deficient in fine materialse If such a deficiency
exists, which is typical for lean concretes, then the pro-
per us? »f a mineral admixture improves the workability, and
reduces she tendency for sesreration and bleeding, If, how-
ever, th: concrete dees contain an adequcte amount of fines,
which ic typical for rich concretes, then the addition of

a mincrzl adnixture, as a rule, increascs the water require-
rient, or inpairs thc workabilitye

Strengtle of a concrete with pozzolanic materials are
typically lower at carly ages, and highc.- at later ages,

than arc obt.inec :it:. portland cement alonee Simultaneously,
the temperaiure risc iz decreased, resulting from heat of
hydration o." the ¢ ' nte The setting tines are also in-
creased by the addi:i.»n of pczzolanie materials, althouph

the valu ¢ are usuclly still within the normal specification
limiss,

Use of pozzolanic matcrial with other than sulfate - resis--
ting prrotland cements generally increascs resistance of tho
concrcte to agressive attac’ of sea water, sulfate solut-
ions 2.d natural acide waterse Improved impermeability of
the ccnerete frequently accompanies the use of pozzolan,
especinlly in lean mixtures, In general, the crcep of con-
crete .5 well as the drying shrinkage arec greater when pog-~
zolz: - are used than when they are not,
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Considering all these, the chief use of latent hydraulic
matericls is in mass concrete, bharbor works, ..evers, in
het clinnt, and when chemical reasons justify ite

LLGHTYELCAT AGGREGATES

The primary factor controlling the unit weight of a con~

rete is the average speecific gravity of its aggregate,
This is the rzason that lightweight agsresates are important-

There are tw:s main cdventages of lightweight concretes:
Lower unit w:ight an’ lower thermal conductivity,

Structural lishtwel =t aggregate concretes usually have a
conpressive strengi.. 1 excess of 15IP2 and an air-dry unit
weisgh* : -+ exceedin~ 1900 kg/h3 at the a—e of 20 dayse In-
sulatii  concrete have much lower unit weights not exceedin -
809 kr/hj, with strengths between 0,1-5 lPa, Between thesc
two types can be found the load-bearing and insulating
lightwei ht concrete,

The only way to reduce the bulk specific gravity of an ag-
gresate is by the inclusion of air into the particless
Sometincs this is aone by the action of nature, resultin~: in
ratural Ligatweight aggrecates, such as pumices A macni-
ficent cxomple for the applicotion of thic kind of 1ligshtwel it
arore~at: is the 43m diameter dom~ of thc Pantheon in Rome
(Italy) built in the second centry AD,

Most of natural li-shtweight aggregates ~ pumices, tuffs,
volcanic cinder ectc,, is strong enough un produce a good
lightweight concrete for structural purposes, such as rein-~
forced roof cnd floor slabs, highway pavements, walls and
panels, prin rily in the precast industry,

To determinc suital .1lity of a lishtweisht aggregate for con-
creting, not only p.uuorties of aggregatc, but its behaviour
in concrote mixtures must be investigated, It is well advisc.
to m..: nixtures of different mixing ratio and to make spec: -
mens o different compactione Having tcsted the specimens,
the rclationship between unit wi . ts and compressive stren~i .-
as wecll as composition and compacting mcthod of the light-
weisht asrregate concrete can be proved, which is the basis
of eficctive makins concretes of good qgualitye
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PRELIULNARY LNFORUATIONS

The General Orsanization for Cement (S...R.) has made
availatle f£-r cxpert the following reports:

1) Terminal Report on Assistance to Development of Buildin-
Materials,
51/SYR/76/801, Ly lire Ae BOZANOVIC, 20 Octs 1978

2) Technical Report on Production of Gypsum Prefabricated
Conponintse Fcasibility Study for Gypsum Projeccte
TS/SYR, 76/002, by Mre YeAe HUSSEIN, iay 1973

3) Technical Report on Caleciun Silicate Bricks Industry
TS/3YR, T5/002, by Mre YeAe HUSSEIN, Junec 1978

4) Report on Establishment of Lime Industry in Syria
(Hama 2nd Adra), '
DP/SYR/80/011--01/3241K, by Mr, MeV, DREL, April 1901,

5) Report on tic Possibility of Use New Building Material
in S sholle
DP/SYP./80/001/11-01/32¢1 K by Mre MeV, DREL, lMay 1931

6) Tezinicel Report: Feasibility study for the Industria-
lization of Concrete Products,
DO/SYR/80/001/11-02/32e 1K, by Tire J.G,KEPINSKI, June 1921

The most ‘mportont results and recommandations of these
reports are as followse

The Syrian Arab Renublic has considerablc potential for the
halanced developiment of rural areas owin:s to the even dis-
tributior of natural resources in one forii or another
throu-nhoi t the country, Rural development would he designed
to diceourase the exodus of labour from the land to the
urban coiuters and to keep skilled workers in rural arecas so
that Lot induntriol and agricultural development can bene--
it from their prescnceo,

According to Report of Mre Bozanovie (1) there are two re.-
fions known t. hove voleanic cinder ncar to Damascuss$
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Shahba region muid Adra region; In this rcoort some test
results cen Le found, The main reason for investigation

of vclcanic materials from the Adra region was to determine
whether +th:se materials have the necessary characteris-
ties for us: as pozzolanic materials and lightweisht ag-
gsregate,

Unfortunate y, this region has no water and it is appre 25
Kmas far froa Adra without any road, therefore this terri-
tory is not suitable to open a quarry, The result of inves-
tizations arc pres:nted only for informatione

The pozzolcnic activity was investigated by making speci-
mens from lime, sand, sround pezzolaan and water, but the
report do:s not contain mixing ratios and curing method,
Tie compr:ssive and bending strencths aftcr 7 days were as
fs1lows:

S Samplc 1 Sanple 3 Sample 3
Compressive strensth in MPa 1063 3e6 649
" wding suren ,th ia (iPs 3e3 1¢9 2e1

.ghtweigh co.iciets =pecimens were also made for testing
the pozzoliuns uie S.'zcn out from deposits of A ra region,
The results o th:sc 1rvrestigetions can ve found in Fige 1.

Report ol Ir, Kepinski (6) dcals with the industrialization
of concret:s nroducts in the Syrian Arab Republice This re-
port outlines thc methods and levels of constructione It
states thot conereting in si'e reached hish level and good
quality, :ut in Syria any greater, state plant of prefabri-
cating esneretc Joes not until now cxist, Little work shops
with scasonal work produce some of kind of prefabricated
concrcte units, th:y are, however, cxpcnsive, thcerefore the
tmaildin~ narket is not too ruch interested in dcvelopment
nf pref:trication,

Fo.» the YTyrian Arab Republie, both from economical and tech-
nical r:. .sons, developriont of prefabrication of concrctc is
iaporto .,
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Mr. Kepinslie suzgests in his report, amons - others, to
develop pr..’abrication of lightweight agzrcegate concrcte
for making nasonry units (hollow blocks), floor hollow
blocks, wall clements (load bearing and partition walls),
first in Al-a region, after in Bera, Sweda and Regaz
regions, bocausc of availability of volcanic materials in
shese territories,

T-c other four rcporis have no data about the volcanic

terials and {ii.ir utilization,

Having studic? *tli2sc reports, the expert discussed his

findings with .77y deil: Nabulsi, At this iruitful discussicn,

it tuma” at that,

a) Th.r¢ cre norc regions in Syria havine volcanic cinders
and tuffs: Shahba, Adra, Regga and Haskeri rc-rions,
Shahba cad Adr: are near to Damascus, the others arc
situatid in north part of the country., The results of
the investi wiions carried out until now have promiscd
the possibility of their utilization, they arc, however,
not sufficicaty Therefore the Syrian Government gives
priority to further research work for testing volcanic
matericls derived from different regioncg

) The Sy. ian Arab Republic is kcenly intcrested in deve-
lopmen of prefabricated concrete for the purposes sug-
gested 'y Mre Kepinskie Therefore the Syrian counterpart
gives criority to the lightweight aggregate concretes in
the fu ~her research work and pilot plant test-

c) The Syrian irab Rerublic is also interested in mskins
hydraulic li..: with pozzolanic matcrials, but the results
got until i v wre ant considered saticfactory,

Therefore .. Syriui counterpart sugscsts to enlarge the
investigati-.i= on this fields

d) The 3; rian Arab Republic is presently not intcrested in
produ sion of Llended cement with pozzolanic materials,
There hre prenaring feasibility study for this purposc

is not necessarye
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The expert srepared his program taking into consideration
the 2bove,

5e~ PROGRAMME OF T7E "XPERT ACTIVITY
On the basis 57 chov. data and preliminary discussion with
Mr, HeHe Nabul-i frc: (-meral Organization for Ccment, the
followin- -—ctivitics of expert are necessarye

a) For prcducin: 1. ntweisht aggregate concrete, the avai-
lable data crc very promising but not smfficient,
Becausc of this fact, further investigations should be
carricl out with samples taken from different depositse
The ma'n goal of the research work is to determine the
featurcs of the volcanic materials and methods of tech-
nology for making lightweight concretes,

On the basis of litterature and the carlier research
work o." the cxpert, relatiorshop amon; ixing ration,
concrete compositions, compacting methods, univ weights
and coipressive strensths of concretes should be deter-
mincd accordin - to Figzs 2.

In ord:~ to rcach this goal, investi~ations should be

carried out in laboratory as follows:

- determiniig ¢ .o cteristies of the raw materisls (bulk-
density, c.. 1ical c-nposition, grading, watcr absor-

ption ir C,. a:. | hours, specific ~ravity, strength)
- determiri. - ciin..w Seristies of the fresh concrete
mixtures [-o oectiuility. plasticity, seagregation)

- dot minin. - churacteristics of the conerete techno-
los - (mixin: iime, drying of mixturc, compaction)

- dut:minins characterisites of hardcned concrete (unit
wei sht, compzessive strenzth, thermal conductivity)e

Lightwei-ht o rerate concrete mixtures should be wade with
different mixin:: ratios and compacting mcthods,
Example of thesce investisationss
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Mixing r:tioz by coicshts
cement 11 1 1 1 1 1 11
volcanic moteonal 8 6 5 4 3&3 27T 5 5 5
natural sand - = = = =  0e2.140 145
woter 1ed 1e1 0695 048 066 0664 160 105 141

from th.se¢ above mixtures of different mixing ratios

9-9 spczimens should be madej 3--3 specimens without any
compaction, 3~3 specimens compacted slightly, 3-3 speci-
nmcns corpacted storngly, curing: in the first seven days
in wet climotce, after in laboratory roome Testinz compres-—
sive stronsth in 20 dayse

Durin~ th expcrt activity onl;” a fow sariles can be in-

vestioate ., The other samples will be tested by the Syrian

counterps i, utilizins “he experiencces of the training,

B) For nr.cucin : hydruulie line with pozzolans, the avai-

lavle .ta are promising but not sufficient, becausc of
this fuct, further investigations should be carried out
with sunpl s talzey Jrom different depositse This re-
search woi.. - .11 t. Lcad by the expert and it also serves
for truin.m  ar,.ocose The main gocl of thesce investi
rations i €0 Geboivine the pozzoionic activity of Aif-
fercn’ - olconic materialse

The ros.carch 7ok should be based on the ASTM standards,
but it is advisablc to usc lime+gypswia instead of lime
alone, For thou better cvaluation, the mixing ratios will
be nocified,

Exampl. for mixing ratios (part by wcight):

Hydra“.c¢cd Line Gypsun Pozzolan Sand
067 0403 0630 3
0657 003 0,40 3
0447 0603 04650 3
0e37 0403 0460 3
027 003 0670 3
0667 0e03 0430 5
Oe57 0603 0040 5
047 0603 0450 5
037 0403 0460 5
0627 0e03 0470 5
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Prom thesce above mixtures 6-6 specimens siiould be made
(Advisablcsdxix16em nrisms) for testing them in 7 and 28
days (compressive ond bendin~ strensth),

Carin-e watil 7 dcys in wet climate, after in laboratory
TOO0Nly

¥ith the best mintures, rendering mortar will be made for
tosting of mortar's sticking to different surfaces (ees
to ordinary coi.:cete, bt lightweisht concrete)e

Having had t © ro~.li4s, the suitablce utilization of poz-
zolans in hyd: mlic 1li... can ..¢ determincd,

Durin - the cxpert 2ctivily, only o few somples can be in-
vestisateds The »ther samples will be tested by the Syrian
countcrpart, uvtilizing the experiences of training,

On the Lusis of 1ightweisght aggregatce concrete investi-
zations, concrct. unite should be made for wall construction,

In gencral, the conercte wall constructions can Le made
with climents of different sizes:

~ masonry-units (~:nerally with hollows, sce Fig, 3)

- wall blocks o7 medium size (Tize 4)

~ wall vLlocks of larg. size (Fi e 4)

-~ pancls (Fi:e 5)

In the Syrion src Republie the elements according o
Piures 3 and 4 2re suitable,

For making demonstrative wall construction, at least four
walleblocks will Lo moulded, From these blocks, a wall
s.ction can . "wilt ocording to Tig, Ge

Tiue surface of . is .1l construction cail be used for making
rendering mortv .o of  raulic linc,

During producticzn, the position of masonry units and wall
block:: is vertis:l in the lotter case, the concrcte is cast
in stoecl mould suppliced with outer vibrators, after vibro-
tion the franc will be unclamped and immcdiately lifted up
from the concrcte, For demonstrative purposes the blocks will
he cast in horizontal position, because in this way the
completion ot the frame is casicre

12/000 i




6.‘

To~

2
- 37 -

On thc¢ basis of investigations' results, the expcrt will
prepare Technical Report for using pozzolans as hydraulic
lime and for using volcanic matcerials as lightwceisght
aggregatos.

Tine schciule of the uvxpert's activity cail be seen on nage

13

APPROVAL
P

After studying this work schedule and discussing it with

the expert, thce General Organization for Cement in the Syrian
Anb Rey blic ~s the Governmment Implementing Agency of the
Piroject, approves the programme without ony modification
since it satis{i.s thc demands of the Syrian counterpart

The General Or unization for Cement ~ives any assistance
nceessor: to the <xpert activitys
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PLAN QF LIGHIWEIGHI ,GGRE:aTE CONCREIL INVESTIGAIIONS

1."'

The lishtweisht agzregate concrectes - according to the
RILEM spccifications (RILEM-Réunion Intcrnationale des
Laboratoires sur les Bssais des Matériaux et des Construc-
tions) - can be divided into threec zroupse

GROUPS Alr-dry Compressive Thermal
unit weizht strensth conductivity
in K7/m2 in 1P in W/mK

Thermael iisulatin: con-
ercte (IC, <800 > O <0630
Load=bearin; and th. -m2l
insulatin - concrcte (LIC) <1600 5-15 <0680
Load toorins ccnercte(LC)  <£1200 > 15 -—

Wotes According to the IS0 Standard: 1 IMPa 72 10 Kp/cm2
1 W/mK = 14163 Keal/nhoZ

T .. characteri~i.ice ci e lightwoeisht czgregate concrete
depend both o ti..t & the aggregate and on the concrete
technologye T ~.ior ::iking 1lishiweight 2garegate concretes
of good ~~lit «..iands th: kroledge of aggregate proper-
ties 1. of suitalle concreting methods,
PROPERTIES OF LIGHTWEIGHT AGGREGATES

S ey g A oy S e e e e T et T
—— e R R e R e R N S e e R NN RS == r

The most important propertics of lightweisht asgriegates are:
specific 7sravity, unit weisht, bulk density, grading,
strenzth and wator absorptione One part of thesc propertics
influcnc. the unit weicht and compressive strength of harde-
ned concrete, the other part influcence the concretce fech-
nolofye

Bulk duity aad strencth of 1. litweight . gregotus depends
on vcach Hthor, for different owregates this relationship is,
however, not tiwe can . 2ccordin © to Fize 1a

2/ 000
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For testin; Mulk-donsity (SAB), pot of 1 dm> in Vols
21d oven drr - reut. have to be useds Bulk density can
1. tested for 1::sc¢ i for slishtly comacted (shaken)
aggrecgates ..

. S ey

e = ‘*,-I; -
weisnt of pot full with agzsregate, o

where. mIé

My
Vo
The charocteristical bulk density of ag-.zate is that of

i

weisht of pot, g
volume of pot, cm3

the 2zore tic of 4-16 (or 4-12) mm in grain size.

No—es According to ISO Standard. the groin size
(sicve mesh) has to be interpreted on sieves
quadratic aperturc,
Havins ho ! specific gravity, onit weight ~1d bull density
of 1lihtw: -ht o regate, porc contoent of iggregate can be
calculate U

Pore cont 1t of zrains: Py = ==——wi== 100 % in Vol,
SA

Pore cont a2t of agererate heap (with given grading):

Py = SA - SAD 100 % in Vol,

SA
I re econtunnt - L. 7 rrodie
P =P

AB A G
For interprct.iion 0. »ores in lishtwei - 5 aggresates is

-P % in Vol

shown i~ 1.4 2
The d.. 1 rent proncrtices of agsresate can be investigated

28 folloves

specific (iravity (SA) can be investigated by common chemi-
M

cal moeth ) iss Si A
Vs
viheres ',".L = w.isht of oven dry azgregatc in g
VS = golid volume of agarcgate in cm3

Por invistiyatin: Unit Weipht (SAU) coarser greins are
necdeds -7 the -rains have mor. Lig hole: n their surfaces,
paraffii cortins has 4tou be uscd, If the 1 .in surfaces are

plain, 1.couring with woter soturation is advisables
M

SAU = _"AG
v
¢
! 3/0..
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vherc: MAG = weisht of oven-—dry srains in o
Ve volum; of grains (tor-cther with inner porcs)
in cm
Gradings should be measured by sicving, The ISO Standard pro-
serilies sieves of 06,063, 0§125, 0425, 0¢5, 1, 2, 4, 8, 16,
32 ¢te mm in moshe

A~rresote 3treath can be investiated by differont methods,

The Huraicl-ncthod detcrmines the crumblin- factor of grains
{in Germcr § ZertrUmncerungsgrad), Testin-: from rains of
4-12 mm ir sico, 065 dm3 will be mcasurcd (havin- knowm
bulk density, it can be weighed) and pourcd into cylinder
(stecl mould) of 15 em in diamcter and 1aid out uniTormly
on the botton, The ~roin will be pressed by stecl piston of
1.e8 cm in diuictur during 1¢5 min with 5 Mpe

Lofore and aft. @ prossing, the aggrezate grading has to be
investigated - o ciovio of 1, 2, 4, 8 and 12 mm in mesh,

The crumblin @ “-citor can be doteimined accordins: to Fize 3

The Cunibiin . Poctor @ S T S |
C=(100+100+100+50) - 240 +B DYy

100 100
igee the crunilinz factor corresponds with the difference of
finencss moduli of the original and crumilid agcegates
measurcd on sicvis of 1,2,4,8 and 16mm in mesh,

ASTM nethod uses cylinder of 3 inches in diameter ond of

5 inches in hei-ht ( F 76e2 x 127 mm)e The aggrerate will o
poured durin: shaking into the cylinder, zmoothcd by stecl
ruler 2nd pressed wntil its upper surface beecomes dented

up to 25 nn (] in)e The diameter of steel piston for
vressing iz T6 rule

‘nen t.o. aoresate surface bocomes dented to 25 nn, the
areszin;; foree (P) is read and the strength of agyresate:
= 7 »
Ry —ﬁ;« in MPa
~aeres P = r.ossine dorce in N (1 Newton - 10 k)

P=- 7 b, gurface in mm2 (since thc piston >
oot ig 76mmy the surface is F = 4536 mm“)

The fimure 1 . s Join for agregate strengths investigatod
by AT To.thor,

4/ ree




“ater Absor—-sios muct Lo measured on air--dry aggresate of

siven gradi:. in 005 hour and in 1 hour by Saturating grad-
uallye Th: -:terr bsorptions

A= a0 + Y4 400 4 in weizht
My
wherc: MA = vicisht of ailr dry aggregatc in g
M,

AT = weicht of saturatced aggresate in ¢

In gencral, wotcer to be added to the lishtweight agsregatc
conercte mixture depends on the water absorption after 065
hour. In cxtremcly dry climate and lons transportation
distunce between mixer and mould, the water absorption after
i hour should by taken in account,

-

CHARACTERISTLCS OF MAKINC LIGHTWELGHT AGGREGATE CONCRRTES

Target of mokinT is to producc concrcte of given (designed)
wait veisdt and of given (designed) strengthe As a rulc of
thumb: the heavier a material 1is, thc higher is its stren-~th
Phis thumb rulec is, however, not always usable for thc
Toghtweisht wivorerate concretes,

e unit wei v 2f concrcte depends on weicht of ingre-
dients (eumcit, oo -ute, water) and on the effectivness

of comprc*+iog,

cefle 1t 1. possible to meke lightwei Pt agpgregat. conercte

of 1 m3in Vol, with 200 kg of ccment, 1000 kg of agsregate
and 230 kg of water without any compactione The unit weight
»f frush zoncrete will come to SCF = 2004+1000+230= 1430k;/m35
“hen *the same concrete mixture is strongly compacted, the
quantity of insrcdients inercascs proportionally and the con-
rrete corposition becomes as followss 260 kg of cement,

1300 k7 »T zasresate and 300 ko of watere The wnit weisht

ol fresh concretes SCF = 260+4+1300+300=1360 kg/m3.

If 365 h1/m3 of coment is uscd instcad of 200 ke/mS, the
unit weicht o7 frosh conerete can be 1640 kg/m3 without com-
»aetion wad 2140 kg/m3 vith strong compactions
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Compressive strensth of conerete does not always follow its
vwit weight, oo comnressive strength can be reached by
Gifferent unii — izatc or decreasing strongth can conneet with
increasing mi® ei te It depends on mixing ratio and

compactione

For fzecil: tatin : comprehension, some test results are given
in Tatlc 1 In this table can Le secn the change of com-
pressive stren~th and unit weight depending on rixing ratio
and compaction, These results arc processed in Figure 4&5,

It is to be noted that the unit weisht of dried concrete
can bc also calculated, with cood approach, from thc con-
cret: cempesition: cement combines chemically - during its
hardcning in the frst 2-3 months - approximately 20 pet of
its wci-hhe Concscquently, the unit weight of dricd concrete:
sep = ' e My oy 0,2 B
wheres KJ ond ﬂA = cunent and czgregate content of concrete
in T m3
In upper oert ~L Piz, 4 can b scen the change of unit weight
dependin-~ n mixing: ratios and compacting methods, plotted
against tac ccment contente It is to be noted thnt the ccment
is resultcd T.om the ~thers factorssceze if the mixing
vitio is 1:5:1. ¢ (... tiaggresateswater by weirht) and the
vait weight o7 . s ziacrete (without c:mpaction) is 1430
kg/m3, the qu .5it< - 5f .ngredicnts:

Weight oF com.ab . Ao = 1430 200 ke/m
1+5+1+ 15
A =_1430

ot e o et o e

1+5+1415
Wedsht of wator: My = 1430
145+14 15

[}

¥

Weight of azsresates 1000 k;;/m3

230 k{?;/m3

d/'..
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HixingRatio Uniti.i-htinKs/m? ConcrctcComposit- Compros-
oartByWeight . ofFresh ofBiried  ion c2 sive
Compaction Concrete Cement Agcere Water 8tron -th
. aate in28Dd~n
in kg/m3 inMP<
12851475 Without 1344 1150 125 1000 219 13
Sli htly 1470 1260 138 1094 238 2e2
Strongly 1747 1457 163 1300 293 Te5
12631435 Without 1392 1200 167 1000 225 2e1
Sli~htly 1520 1310 182 1092 246 366
Stronsly 1810 156G 217 1300 293 1142
12521415 Without 1430 1240 200 1000 230 30
S1lirhtly 1558 1332 218 1090 250 4e7
Stronly 1859 1612 260 1300 299 14,6
13430495 Withous 1488 1300 250 1000 238 348
Slihtly 1615 1411 271 1036 258 58
Stron-ly 1934 1690 325 1300 309 2040
12363:0e801  Withous 1548 1364 303 1000 245 4 ¢80
S1i-hitly 1663 1468 326 1077 265 EeT
Stron:ly 2012 1771 394 1300 320 2643
1224650467  Without 1643 1462 385 1000 256 5e6
Slightly 1770 1577 416 1078 276 Te9
Strongly 2137 1900 500 1300 335 34 o
TABLE 1

nd when tii. vnit wei @it comes to 1859 kg/m3 (for concrete com~
pacted strongly:

Vieisnt of coimuent e = 1359 = 260 Ktyhp
Te15

Woizht of Aw regate L4 = %8%2 o5 1300 K/
[}

it

. o . 3
Weirsht of Wator oy = ;85;_.1.15= 299 K:/m
ol

In lower part of Pire 4 can be scen the chansic of compression
stength = drawing with continuous lines - depending  on mixing
ratios and compactin - nicthods, plott.d against the cement content,
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As it was mcentioned, target of makineg lishtweight agagresatc
concrete is to nroduce concruete of given unit weight and of
Hdiven s. _ngthe This target can be achieved, if factors
soverni. T thesc two propertics are knowne The rclationship
betwsin coment content and unit weight of fresh concrete
(*ige 4, " ppor part), os well as the relationshiyp between
cement co:tent and compressive strength (Pige 5e, lower part)
nablc to plot th: graphs of the relationships among ccment
ocogtent, it weight of fresh concretc and compressive
strensthe Mcthod of drawing can be seen on Fine 4 2lso with-
out further informatione

©1e relatiorns i amon o coment content, unit weisht of dry
concrete and ¢ - re-~3ive strensgth can be scen in Fisge 5
plotting ite - she on data of Table 1.

&)

Fice 51 .C
posiiocn and comnaction of lishitweight awgregatc concrete.

ivs lf particularly well tc determine com-

ceZe tus!: should be to make conercte of comprescive strength
of 14ilP2 and of dry unit weight of 1600 Ka/moe

From Fiz. 5 (lower part) can be scen that this is possible
only in ‘he casc if the cement content is between 230-

320 ke/r- and compacting is cffective, When constant unit
weight (1600 Ki/mo) is kep , increasing cumemt content
demands deercasin compaction and it results decreasing
compress: ve strengthe If cement content ircreascs and com~
paction ..z constuntly strong, unit weight of concrete also
inercascs, Ly this means its thermal conduectivity will be
worseninz,

Relatiorships according to Fisurcs 4 and 5 should be
determined for differcent cement types and different acsrer~at.
sradingse In many cae:s dosage of natural sand (0-1 am in
~iz¢) improv.s compoiesive strenith of concrete, its unit

:isht, howes . ', innr . .ScSe

The water co:nv 1t ¢ .nds on required plasticitye If water
content iner .. ..o, worikabilit;” of conerete improves, bLoth unit
welgt & ond coumreesive strength can incrcasece Water-—cement
ratic .ous not sovern the characterisitics of 1li-hiweight
asgreite concrute as in the case of ordinary ot.c,
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Thc other proper-ies of lirh=weight ccncrete (:e¢4s bending

strensth, shrir<iso, cre.p; roung modulus, adhcsion of steel

bars ehce) depcrl 01 175 compressive strengthe For the statics

calculation, tl'ise chher pronertics have to be also investi-

gated,

4o-

CUVESTIGATIC. 3~ 5 .t TELGHT AGGREGATE AND LIGHTWEIGHT
CIGREGATE [ueo - oo

According 0 o o . .sous informations, the Syrian Arab
Republic ~ .<ds. T rst ¢ for most, IC and LIC lishiweight

conc ..., Conscouently the terget of research work is
maki: - th. ¢ concicte typese

4e1- THVEI 'TCATIONS OF LIGHTWEIGHT AGGREGATES

he iawvestirations require about 30 ks of asggregate

i-]

fror. 212 foamples, I each of sampling, a large number
of sz ile increments, that is, small portions, are re-
quirz! 4o c¢z*imate the true averasc quality of an as-
srocs ;e with acceptable reliability, Test oroportions
fro:  ac sanple may be extracted Ly quartering accord-

in: ftl.g. .

hoaua od quant®tic: for testing are as follows:

Tesi’ v zpeeizic ravity necds 3x0e¢1kg portions

Toc- D 1s vnl b owied Mt neecs 3x19 pieccs of coars:
agrregate

Tes5 ng bulk density nends 3x2kgoportions

Tes;.n- -rar .~ -acds 3¥5K~ portions

Tesown = n . ooads 3x1 dm3 portions

Testin, . .r - sorntion needs 3X1 kg portions

Rectir. ;v . s for testings arc as follows:

F- LGkl L Sravit, s Taboratory mill for grinding

L¢ Chatelier flask (pyenometer)
enalytical balancc

kcrogene or water,ovem for
drying at + 105°C

The ust:’ method for Actermining the true speciiic gravity
agere.s . ¢ 3o to powder the sample to, say, 100 aesh (150pm)
and +th. to dc%:. minc the specific gravity by some methor,
such ~* ASTM C 188 for coment (by usin~ inert kcrosene or
watcr 1n a e Chotelicr flask),

G/
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Tie point to *b:. powdering is not so ruch to destroy void

spaces, sincc rozt oriregates have pores for smaller than

any reasonall. sicve opcening, but rathecr to provide parti-

cles so s: 1l thiat their pores are readily and completely

penetrated by the nycnometer fluid, for instance under

vaccun saturatione

Por testings unit weights Pot of 2dm> in volume for sa-
turation analytical balance:
balancce for weishing in water
or cquipment for mcasuring dis-

placement; oven for drying at
+ 105°C

The methods for determination of the unit weicht of ag-
rregate are buscd on weight and volume measurementse Of
course, tiie volume of srains could be det:rmined from di-
mensional neasurements if the sample pieces were regular
~seometric shapese Since this is not the case for agaregate
particles, the volume has to be measured by weighgnz in
water (in Archiinedcs-balance) or by displacement. Before
this measuring, the particles should be saturated by water
or cvated with paraffin,

Por testing ulk density: Pot of 1 dm3 in volume

balance of gramm accuracy ovon
for dryin: at + 105°C

Bulk density o 4~1¢ 111 grains has to be measured looselye
This is '":. characteristic bulk density of asgre.;atese
For tccihiolosicnl purposes, bulk density of given grading
of agrre ate may be measured after shakinge The measuring
pot, full with azrregate, should be hit against o steel
platc 15 times, dropping from about 5 cm height,

The ager:gate surface sank under the influence of shaking
should b: refillecde

for tusting rradinss Balance of ~ramm accuracy
sicves according to ISO
Stendard

The moet important particles of lightwei~ht aggregates are
the prains bhelow 1 mme These ~roins form together with
cement the coment mortar émortar matrix) which is the load
vearins skceleton in the conercte,
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For testing str.:i-th: Balan .. of rramm accuracy;
stecl cylinder (@ 7.62 x 1247cm
according to ASTM Standard or
# 15cm, according to DIN Standird)
stcel piston or plate; hydraulic
pressing machine with pressing
capacity at least 10kN

Testin: strenzth may be carried out according to tne ASTM

Standar or Hwaicl-method (DIN Standard), Results ore neces-

sary for cvaluatinz the concret: composition as well as

the availcblce compressive strensth of lichtweight aggregate

concrctc,

For testing watoer saturation: Pot of 2 dm3 in volume; balance
of gramm accuracy;ctopper watch

or alarm clock;blotting paper,
Tiltering textile or strainer

Results of testing watir absorption may be used for eva-

luation of mixing water, Alr dry agsregatc of given grading

is pourcd into the pot which contains water layer of 2cm

in heicht,

After 5 ninutes, water surface is increuseca vith 2 crme After

(.5 hours, the aggregate, together with filtering textile or

strainer will . rzincd from the water, its surface blotted

b; paper and vi._ “.cde This manipulation should not last morc

+ - 5 minutcre Huwvir ; weighed, the agprogate, tozether with
ring textile or wator, will be replaced in vater and

1 .sained thore for once mere 045 hours Then the weighing will

be reyp.atcd,

1 e2e=INVESTIGATIONS OF LIGHTWZIGHT AGGREGATE CONCRETES
The investisations require about 300 kz of wrigregates

from cach samplee The target of these testingis to draw
the relationships a mong mixing ratios, concrete compo-

sitions, conpuacting methods, unit weishts and comnpressive
strengths of concretes according to Fisures 4 & 54 The
principles of the rescarch work are describacd in the
York Schedule (Article Sel)e

Runuir.d cquipments for tusting are ao followss

Testin~ workobility: Any cquipments used for investi-
smation of ordinary concrete work..
bility (it ma—r give preferenco
to vibrating systems such as
VEBE - mctcer)
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Testin; concrete mixturest Mixer of 100 dm3 in volunc cu-

pacity (for lack of mixer mach-
ine, mixing by hand nmay be car
ricd out)

Moulds for making siecimens
(cubes, or cylindurs or prisme,
it is advisable usins cylindc.s
of 10cn in diancter and of 2Cc-
in heicht, but it is possiblc
using cylinders of @ 15x30c¢r)

Bable vibrator (for lack of
vibrator, stamper aay be uscd)

Hydraulic pressin: machine

Testing lishtweight aggregate concrete should be paid

attention

to the uniformity of concrcte workability thercefore
nixings weter should be accordance with the water ab-
sorption of aggregate in 0.5 hour + 15 pct of cement
content  if tho cement: azgregate ration > 1:4 (eo 1.2
to the uniformity of asrregate grading thercfore the
astresste fractions should be mixed for enabling to

s averasre quilitye

to the uniformity of curing thercfor: on the first 7
days specifimens should b: stored in Jog chomber or
under wct clothes or in the first dey under wet clothes
then to 7 days in water,

to smoc thiii.ss ot pressed surfaces of specifimens,
therefor. the surface should be leoveled by 133 cement

sand ro tar l.:y.~ on the 7 days before testing comproc -

sive strontne

INVESTIGATIONS OF POZZOLANIC ACTIVITY OF VOLCANIC

MAT ZRIALS
Th. method of investigations is outlincd in Work Schcdul
(Articlcs 2 and 5,B)

Required quuatitics of materials (for one tyne):

round volcanic matcerial with specific su-face at

lcast of 300955§m3 ot 4 kg
hydeatced lime 4 kg
wypsum (naris plaster) 065 1
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- Natiral sand of 0-3 mn (cormonly uscd in
thi SeAsRe for mortars) 25 k-~

Requircd equipments to tho investigati »ns

- DBali mill for grindinfg volcanic nabt.rials to spe-
cific surface at least of 3000 cmz/t

- mix:cr with capacity of 10 dm3 in volume (com—
monly .. to c.uicnt quality control)

- mould: r>> 1 '-ines speeinens ( it is advisable to use
prisme of 4x1x15 cm)

- Sleains tiulc for investigating mortar plasticity and
for corpacting specimens (commonly used to cement
quzlity control)

- ccre for investigating mortar plesticity (commonly
ur cd for ccment investications)

hy. raulic pressing machine for testins compressive and
b.rding strengths
- brlance of g accuracy

Six njeeiiins will be made from one mnixing ratio

~

thre : specimens tusted i 7 days, thor. ¢ specimens testcd

in 2} days for coapressivi nd bendin - strenithse The
mixi - ratios arc siven i Vork Sched:le, Article 5eBe
Mixii: timos 005 minutes mixing hydrated lime, sypsum
and r-ound volcanic material + 045 mir te mixing with
sanc¢ + 1 minute mixing with water,

Plasticitys Th: moriar should be stretched to 16-15cita
Compactin -s Shaking on table 15 times
Curings 7 says (or 14 days) in fog chamber (or

under wet clothes or in watcr after 1
- .o7) then in laborutory room,
Max . 5 LICHET DIGHT AGGREGATE CONCRETE UNITS
In 1ccordance with the York Schedulc, for m.king demon--

strotiwe wall construction, at least four will blocks
shcold boe nouldeds

It s advisable to make wall blocks of nedium size, that
is »f 150x30 cm in measurcs, The mould may Lo formed of
bo irds accordines to Fics., 6,
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The roulds are placed on smogth, hard surface,

Surfzces of the bottom platc and sicdcboards are coated '
with thin oil layer to prevent them from sticking to

the concrctc,

The conc.:t: mixture is pourcd into the form, laid
out uniioruly that it would top of about 10 cm the
board in ii.i-hte Ioncretc coan be compacted Ly poking
vitr-tor wnd for smoothing its surface, plank vib-

rator m.y ou used,

after onc day, the side boards may be carcfully remove.
cnd the block may be set up by lifting one side of
bottom platc by hooks ( Fize 7)

Required quantitics of materials:

- volvanic material of 0-16mm in zrain sizc 1800k~
- natural sand of O=-1mm in grain size 500k .z \
- coment (350 pe) 500k~

. - 7iter (upproximately) 400k~

Quantity of lightweight concrete (for four blocks)

comes 0 feb m3.

Jdixin: ratio (probably): 1:4:069 (cement; agsregate:

water) by welghty

Agercgat: (probably)s 85 pect by We of lightweight
aggregate

15 pct by We OF NATURAL SAND

Curing: Aurin:s coven days by continuous waterings

2udh August 1281 JeEs UJHELYI
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ANNEX Nog 3

INVESTIGATION OF LIGHTVEIGHT AGGREGATE CONCRETES MADE WITH

VOTCANLC_UATERIALS ORIGINATED FROM_ DIFFERENT_ DEPQSITS

lo—

INTRODUCTION

The requir:ments for the investigations are outlined in
Annex Noe 2, Chapters 3, 4.1 and 442

The investigations were carried out in the laboratory of

Ministry of Communication, This laboratory is equipped mainly

for quality control of road constructions: testing séils,

bitunens end concrete specimens made by the contractors for

controll:r.; purposese The laboratory has the following

equipmenic suitable to the concrete research work:

- bal’. mills for crushing fine materials

- bal:nces and drying ovens

- sieves accordin: to ASTM Standard

- eight c linlers of 15 cm in diametcr and 30cm in height

- equipmciits for testing compressive strength of concretc
specinens (hydroulic pressing machines) and for smo-
ot _ig specimen surfaces by sul uar mortar,

- cutiing machines for stones and concretes

- vitratins table for compaction of specimens (it was
purchased on 19th September 1981, two weeks after the
intestications startcd),

The collczboraters of laboratory are skillful and well
intenticned, well educated in quality control but untrained
in conc:te research worke

The labrrator: is not equipped with ecrushers (roller or jaw
crushe: ), scrceners 2ad mixcer therefore crushinz and sere-
enin~ ¢ soresate furthermore mixing concrete had to be car-
ried o .+ Ly hand, In the first two weeks, the specimens
were a.30 compacted by hand,

Becaus : of working by hand, the fulfilment of investigation
program according to Annex Noe 2 was impossible,

2/00.
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With regar’™ to the lack of time, the expcrt had to be satis-
fied wath o shorter program than was described in Annex Noe?2
Chapter 4,2 and Annex Koe 1 Chapter 5eA respcctivelys

Thereforc the results of investigations swriiirizcd in this

Report can be evaluated only as informatory data and before
final decision of utilization, further investigations have

to be carried out with the best volcanic material, The goal
o~ these further investiations is to get sufficient data

i r preparins .02 Practice of making lishtweight aggregate
¢ ncrete incindinr proncrties of these concretes,

INVESTL G LON_OF SAMPLE_FROM_HASSAKE

The sumple arrived at the laboratory in big pieces of 30-50
Be

ggoig;nf Eonﬁg?ifygg.wi,‘gagpter 4, 1, avcrage samplee would
It means taat thce material of about 300k7 ought to be have
crushed at the same time for getting sufficient average
fractions, Preeisc data can be only get by testing material
of average qualitys

Beeause of the lack of storage place and crusher in the labo-~
ratory, crashins the whole sample was impo:siblee Therefore
material Fad o be crushed from day to day i1 quantity

cnough for }-6 specimens and after having <. _z2encd, the mixin;
could be etarteds

Consequenly, the resulte are not suitable for generali-
zatione

2a1e AGGREGATC PROPERTIES
The crusl.e —articles of the rock slumps werc wieved

on the follouvin: sievess

0025, 06207, Oetrly 0eB4y 2, 4476, 1247, and 3841 mm
(qu- v.tiz holes)e

T%:. ; :t for mensuring bulk density was 27800m3 in volumc
and 202g in weighte The measurement of bulk density was
rep:2ated three timesy the fractions were poured into

the pot loosely and the surface of the heap was smo-
oth.d by stcel rulere The results of investirations can
be sven as followss

3/eee
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1247=33,1 wmis 2379 g 2390 ¢ 2397 g
-202 g =202 & =202
2177 £ 2188 7 2195 g
b4oTh~124T rm1t 2603 z 2617 & 2690 ¢ J
-202 7 =202 7 =202 g
2401 7 2415 5 2483 g
2 476 tm: 2822 g 2905 £ 2995 g
=202 g =202 g =202 z
2620 g 2703 ¢ 2793 =
0.+ s 3827 o« 3050 & 3382 g
-202 5 =202 § =202 %
3625 g 3640 5 3680
Bulk ‘wnsitics:
1247- 3u1 rm: 2177 + 2168 4+ 2195 = 7560 = 787 ka/m’
342,78 1,34
40751247 2401 + 2415 + 2488 = 7°04 = 376 Ke/m’ |
342,78 8e34 '
>4.T6rms 2620 + 2703 + 2793 = 8116 = 973 K+/m’
362,70 8e34
0-2 1 3525 4 3640 + 3600 = 10953= 1313Kg/m>
342,78 8434

The f-action of 0-2 rm was ncasured after 15 shakins:
Dullk density 1459 kg/m3

For investigating water absorption, 2-2 kas were weigheo®

fro 1 the sieved fractions, furthermore agsrczatc mix-
tur . was conmposed from the fractions as follows:

35 pct by We of 0 -2 mm
25 pet by We of 2 - 4476 mm
20 pct by We of 4,76 - 12,7 mm
20 et by We of 1247 = 30,1 mm

Wer -t of wosregate mixture was 3000 -,

Vn o othe woeihted samples vere pourcd into the water,
th: hoiht of water surfoce was 2 em ard it was inerc-
ac.1 with 2 cm in cvery 5 minutes,
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Water absorption was mcasurcd after 045 and 1 houre
The recults of v ter absorption investigation were

as foll.wz-
Fracti n Weisht ¢ 5. ples in g Water absorption in pct
bv We

e ors gt ATEor06e95 Afterd after 045 After 1

V. o ion hour hour hour hour
0 2 2000 2536 2547 2648 274
2 =1e76 2000 2356 2310 1843 15¢5
4.76-12¢7 207" 2291 2291 14 o6 146
12.7-3841 20 2280 2318 14 40 159
waxtuie 3000 3569 3555 1940 1845

Control The water absorption of the mixturec can be cal-
culatz1 from that of the fractions, After hoving cal-
culato?, the results are os follows:

Fraction Pcrb by Wzter ab-orption 2 x3 2 x4
in mm wel ht in0e5h  ii 1h
1 ;' 3 4
0 -2 0e3> 25 a0 27«4 T35 9459
2 -}476  0:25 1% 93 1545 4458 3.89
4,76 1247 022 14 o6 14 46 2492 2e92
12,7 =38e1 042D 1.0 1569 <. 2680 318
19468 19458
It cer. L. co.n snat
- berweol weter ahsorptions in 065 h and in 1 h are

. v sticzlly no differcnces

- ti: rusult of investipation of 2-4476mm fraction in
0,5 h is certainly not correct, thercforc instead
cf 1843 pct by W it can be calculated with 1545 pct
Yy We
(n the basis of this calculation, the water absorption
¢' the mixed aggrezate in 045 h ccmes to 19 pet by
‘ly To thce conerete composition, this watcr absor-
ytion should be taken in account,
ior investigation of vnit weight of rock, one rock
slump was weiched (air <ry weight) and placed into a
hwot filled up to 2cem withh water,
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Water surface was heished with 2em in every 5 minutese
' %g;er two days, the volume of thc slump was measured
by watcer displacements

Alr dry weight of the slunp 7493 ¢

) Weisht of the saturated slump 9334 ¢
Volwn. of the slunp 52¢3 Jm3
Unit “cizht of the rock 1132 ko/ém

For investigating the grading of the rfraction 0-2mm,
2000 : of matoerial was welgned and sicvodee The results
arc a3y followss

0 =-0,25 mm 235 ¢ 11.3 pet by weight
0e25 - 0,294 ixn A0 g 3,0 " .
06297~ CG.2u7 1ma 123 g 6.2 " "
Oed42 - 0,1} i 513 g 25,7 " "
0e84 - 2.0 rz. 1069g 53.3 " "

. 2e2e I/ ! IG.TIOHN OF CONCRETE MIXTURES

Lere rote mixturces of three gradings werce used to the
investi;ationse !
The first scrie was made with aggresate of maximum

sroin size of 3841 mmy Quantities of fractions: 35pet oi

0=2 my 25pct of 2-4,T6rm; 20 pct of 4476-12,Tmm;

20 pet of 1247~3841mme

The sccond serie was made with aggresate of maximum

sroin size of 1247mme Quantities of fractions: 50pet of

O=2r1 ; 25 uet of 2-44761m1 ond 25 pect of 4476--1247 mrie

4

To % . third seric, limestonc sand of 0-0442mm was
us.d insbead of O0-2mm crushed volcanic naterial,

The -rodiness of the threc scries can Lo seen in Fige 1e

£ftor having weished the different fractions, they
were  poured into a metal tray and mixed by hand,
until th. colour of the mixturc became uniform, The
mixing w5 continu:d by hand during spreading with
watcre L7t.v finiching the mixing, it was waited for
10 minut .~ thit th. aggregatc would absorb part of
mizion s witie

6/.00
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The ccrercte mixture was poured into the mould partly
witho - compaction and partly with compaction by
stanp .* (which is otherwisc used to Proctor-investi-
Toti01 ). The compacted specimens were stan ¢d in four
layer, overy laycer with 15 blows, Specirens® surfaces
viere 3wooticd with steel ruler.

The mi<ing ratios of mixtures and the unit weisht and
compositions of Tresh concretes can bLe seen in Table 1,

To get .:inct dAatn, 2t least 3 specifimens would have
had to " . .3z, but because of lack in crushcr,
screene:’, Lixcr -nd vibrator an the one hand and due
to t . liizit.d number of moulds and small quantity

¢ vilzanie material on the other, only two spc ci-

mens v.ore made from one mixture,

Thercisre the results of investipgations are only
inforratory,.

It shculd o emphasized that in spite of circumstances,
the results of investigation can be regarded as cor-
rect, owinz to devoted work of the staff of the

labore torye

For «cnpuacting specimens, steel bar a.ad stanper were

avall.: 1lce If the conerete had been coipacted by vib-
rati1 - table or primarily by vibrator:, higher unit -

wei,r1 3 could have been rcached,

Testiyrz of compressive strength was carried out in

14 decyse Usually the compressive strenzsth of 28 days
is tle sti-ondard -nc, but the short time of cxpert ne-
eded earli r investications, The specimens were stored

in moulce ioer wet clothes in the first day, then -
aftee toi70 2 v »ut of the moulds - in water and
ant Loy vw.ro token out from the water in 10--12 days

trn oefore tusting, their surfaces werc smoothed with
su. Jué.--mortar,

Resalts of tusting compressive strength can be seen in
T: Lo 2
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Prom dct .. T2 1 1, thc relationship betwien cement
content ... wnit woisht of fresh concrete depending on
mixi: rtiss (2ccording to Annex 2, Chapter 3,) is
nlott:: 1 Flure 2e

From d:ta of Tabedi 2, the relationship betweon cement '
conteas 2nd dry concercte unit weight depending on
mixin® rotios is plotted in Fiz, 3.

The rclationship Letwrecen compressive strength and unit
weibt of dry concret: can De scen in Fige 14 3ince
this relationship is senerally parabolic, Fiz, 4 is
plot®i 1l acoordinz to narabolic functione Naturally this
is «w. aporroxch but it cwr De aceeptod for practical

DUryp i ¢Sqe

The v acticol purpose is now the dravins relationships
acco > inc to Ann.x 2, Chapter 5, In Ti—urss 5 and 6

the @ ange of coipressive strength can be scen for

conc ~:tcs of different nixing ratios, depending on

their ¢c.went co.*2ntse Por drawing these Ficures, tho f
date of F. -ire 4 c°n be utilizcde |

Fige 5 i1 1. . tant for resgulation of concrete tech-
golery .. i is suitallc for design of concrete
st turen, Jo snall coue hack to that later,

R T e e e e S I A S e e T o e o iy i o D e e e
R T L S I I T T SN RN NRE =N nER=s

The sanylc arrived at the laboratory in rock slumps of
5~15 k;. Crushin~- the matcraal of Raceca was thc same as
that of Ha=zsotke letve by hand from day to daye
3ele AGIREGATE PROPERTIES
Th: particlus of the crushed rock were sicved on the
fcllowin~ si- ves: 0e25; 062973 06425 0e84: 23 4,763
1..7: and 25,4 rme (guadratic holces)e

3

volune and 42757 in wez-ht, the measuring was re-—

T1. ot of measuring bulc density was 930 cm” in

cented three tiniese The results of investisations werc
v follove:
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12,7 - 2544 1m: 5040 5100 5000 76548254725 = 830ke/or
4275 -4215 —4275 340,93
765 825 125
3aT6- 1247 m: 5135 5175 5150 86049004875 = 944ka/ss
4275 -4275 ~4275 340,93
360 300 375
- 1476 i 5225 5230 5240 95049554965 =1029ky 1
~1275 -4275 —1275 3.0,93
950 955 965
P R— 5375 5385 5370 11004+1110+1095=1155k /-
L1275 4275 -4275 340,93

1100 1110 1095

Aggregate nixture was composed from fractions as follows:

C - 2 v 35 pct by weisht }
: - 3,75 25 pct by wecisht
1,76 - 12,7 20 pct by weizht

1267 = 54} 15 20 pet by weisht f
Bulk Dcnsity oi nixture:
5360 5360 5310  1085+1085+1065 = 1160 k-/m>

4275 =275 -1275 LR
1085  -085 1065

The bulk density of the mixturce was also measured after
15 €haking, the rosulte: 1274 ka/md

The invesii-ations of water absorption were carried out with

the mixturc, Aftur 065 hour thi watcr absorption was 1464
pct Ly reizht,

For mcasuring unit weisht of rock, three rock slumps were
weighed (nir dry wei~ht) and placed into = port (the method
of invistioation is duseribed in Chapter 2,1)

Air dry weicsht of the slumps : 4141 g
Weisht of th. saturat.d slumps 3 1743 g

wlume of th. luunpo s 2483 cm3
ater absorpti . of thu rock ¢ 11e5 pct by wceight
“nit weisht Tt rock s 1660 ki m3

9/.0.
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For investi -tint the pgrading of the fraction 0-2mm,
2000 g nmaterial wos wei~hed and sievede ™he results are as

foldows:

0 - Qa2 n 217 = 1049 pct by wel ht

Oel5 = 04237 mm 20 g 1,0 pct by wei it '
Ce297- O4l- mm 59 ¢ 2+7 pct by wei ht

Ced2 = Oqul mn 390 = 19.5 pct Ly weitht

0684 - 2 am 1319 g 65,9 nct by wcisht

3. . INVESTIIGATIO:. OF CONCRETE MIXTURES
Aggresate v iturus of two gradings were uscd to the

investi~utivis,

The ° '3t suric was made with aggregate of maximum grain
si7s .12 25¢.hmme 35 pet of 0-2mm; 25 pct of 2.4,76mm;

20 pct of 14T76-124Trmj 20 pct 0f 1267-25e4 1Ime

Thce s.cond scrie was made with aggregate of maximum grai
sizc 1 12.7mm: 45 pct of 0--2mm; 30 pct of 2..1,76mm
and 2 pct of 14T76=-1267 rum,

The ~rtdings of these two scries can e seen in Fige 7

The method and circumstances of making concr.te were the
sanc & were written in Chapter 241

Thi: miiding ratios of the mixtures, futhermor. the unit
wol-h s ond compositions of fresh concrctes can be secn
in .. 3, The data rerresent results of two specci-
mense wsults of testing compressive str.agth in 14
days i be seen in Table 4,

From data of Table 34, the relationship between cement
content and unit v.iht is pletted in Fige 8 from data
fo Pable &, btac rlotionship between dry unit weisht
and compr ~oive —tronsth was drawn and it can be seen
in Fi~, 9. Zhis i -ire was utilized for plotting re-
lati» ~aip “otween cement content and compressive
stz tbhy, according to Figures 10 and 11,
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4.~ INVESTIGATION OF SMPLE FROM_SHAHDA

The sample arrived at the laboratory in —rains with maximum

~rain sizc of 12¢7mm accordins to its orisinal state,

Crushins matcerinl was not neccssary,

1e18 AGGREGATE PROPERTIES

4,76 =~ 1267 mme 4815 g 4827 - 4799

The matcrinl rarticles were sicved on the following
sicv.s:

025 04125 0e84: 23 44775;: and 12,7 ..

3

The ot for measuriny bulk density was 356 em” in volume

and .-203 7 in weisht, the measuring wao cepeated three

times with cach fraction. The results 2f investi-
~ation arc 1s followss

5325414516 =555k/>

o

S.lox oM og 516 &
2 —4J6m: 1T - 4815 & 4057 g 50545624574 =600ks/r
<1203 3283 42083 340,956
5°5 ¢ 562 o 574 =&
0 -2 om 4035 48815 48TT 5 60045984534 =625ks/

1233 -4283  -4283 30,955
600 ¢ 590 = 594 g

Asrresote mixture was composced from the fraciions as
PRL -

followss

0 - 2 M 50 pct by weight
2 - 4,76 ma 25 nct Dy weight
4475 -- 1247 mm 25 pct by weight

Bulk dcnsit; of mixture:

4912 - 4398 ;4918 - 62946154635 = 655 kg/m

~42¢3 ~4 203 -4 28 3.0,956

621 515 - 635

The investisations of water abgsorption were corried out

with the adixturc. After 0,5 hour the water absorption
was 19,2 m™ . by vi:l hte
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Measurin:: unit weight of rock was not possible hecaus.

rock sluimps were not availalle,

For investirntion of thce grading of fraction 0--2mm,
2000 = matorizl was weishod and sicvede Tho results
are oo iollowsse

0 -~ 0425 mm 369 © 1845 pct Ly weioht
0025 e 0042 mm 58 7’~ 2.9 pCt " Wei’_,ht
Oed2 - 0434 ruu 118 23,9 pet o eicght

0e04 -+ 2 ™M 1095 - 54,7 pct v seiht

INVESTIGATION OF CONCRETE MIXTURES
Agrroqate mixtures of two sradinys wore usced to the

investi- tior s,

The Tir = . =ic¢ - composcd with aigregate of maximum
grain ei: £ .t 50 pet ¢ 0-2rmg 25 pet of
2=1eT6 .. . > ~ct of 4476~-12,Tre

To cecoii. geric was uscd materizl of original

senl oy (oximum grain size is 1267 mm)e
The rradings of these two scries can be seen in Fige12

The a:thod and circumstances of making concrcete were
the anc ag was described in Chapter 261

Mixin~ ratios of the mixtures, furthermore the unit
weishts and compositions of fresh coneretes can be
scen in Totle 54 The data represcent results of two
spe liiwcnze Rosults of tigting compressive strength
cun o sein in Toble 64

Frca data of Talle 5, rclationship Lo tween cement con-
tor bt and unit weignt is Blotted in Fiy 134 From data
of tele 6, tac rolationship between ey unit weight
ane compressive strcngtﬁ was drawn aivt it can be seen
in Fif’:- 14’.

Thirs fi o0 wn  tilized for plotting relationship
between = . b~ v .nt and compressive strength,
cording *+. i1 -z 15 and 16.
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5,— EVALUATION C#_TEST_RESULTS

The bulk dersitics, unit weights and water absorhtions

of differer? volecanic materizls tested at these investi-

Jations car be scen in Table 7. As standard valuc, the

bulk densii: measured on particles of 4476127 mm can be

uscde Acco:iving to the results, bulk densities arc as
follov: s (in order):

Shah' . deposit : 555 kg/m3

Hasso oo deposit : 876 kg/m3

Raceo «.eposit : 914 kg/ﬁg
Unit weisdis of frosh cnd dry concrctes hac tie following
limits:
Deposit Unit weisht in Kq/m3

of fresh concrete of dry concrete ’

¢ .ahbwm +39 - 1456 758 - 1326
K .ssake 361 — 2034 761 -- 1867
i cca 1263 = 2040 1177 - 1891

The coopr s ive strongth of diflerent concretes was investi-
rated 1n di Teront days owing to the official holidays
between T--13 Octolicre Thercfore, for evaluating compressive
strensths. 1cirdining process of coment used to the investi-

5

sations hot to e knowne
This procccs can bLe seen in Fig, 17 according to informat--
ion obtai:«d from GeOeCe On the basis of this figure,
percent o conpressive strength in the strength of 28 days
- since th: rclotionship between 7 and 28 days is losari-
thuic lir . » -~ s as follows:
pet = 100: 3345 (1 28 - 1px)
le 20<1~ 7

vhere x = Loy of the investigotion (bLetween 7 and 28 days)
Exo 11les
Pcereent o compressive strength in 14 days
100 438,5 (1 28-1g14), = 100 ~ (63495 ; 0,3C1)=
t:;;iﬂﬁ’7 i 100-194 25=50475

14/00.
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Porecent of comprescive strength in 15 days

100-{__38.5 (1g 28-1g 15); =100(63495:04271)=100-17433=
11:528-127 - 62467 pct

data - for facilitating the evaluation - are as follows:

13 11 15 16 17 i3 19 20
78629 30,75 52467 84 46 06414 8Te73 89423 90466

By means of the 2bove walues, the tested compressive strengthe
can be tronsformed to compressive strengths in 20 days,

Lefe spccimons of Signe 1 had compressive strength in 14
doys 367 IPo, thoir compressive strength in 28 days - in
2ll likclihood - will Do 3¢7:068075 = 466 P2, whilc spcci--
“lens of Signe 4 were investigated in 46 days, thcercfore
their compressive strongth in 20 days can come to 20403
C,8446 = 23,7 I

iurther on, tii. comprissive strength in 23 days are given by
i..ans of thic trounsformntion, The data can be secn in

T blec 8, .

From tha. _ato >f Table 8 and from that of Tables 2,4 and 6
redationshin Lctween dry conercte unit weight and compres-
sive strensth in 28 days (calculated) can be secn in Fige 17
dependin~ on the materials investigated from differcnt
deposits.

Accordin:s to Fi~e 18 for makins concrete of 1200—1300kg/h3
in dry unit wei ht, material from Shahba is the most suit-
able (compressive strensths in 28 days arc about 5-0 MPa),
For concrcte of 1600-1800 kg/m3 in dry unit weight, both
nateriz  from Hossake and Racca can be unployed (compres-
sive str.n.ths in 28 days arc cbout T-16 1iPn)

It can " gtatced that the materials used to investigations
reported ar: cultable for meking lightweihit aggregate
conervtoease

-~ for load~bearing and thermal insulatinz concrctes from
Shahba miterials,

- for load..leuring concretes from materials coif Hassak: and
Racca,

0. the basis o7 the rosults, continuing investigations can
L suggcot o,
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Tavie 1. fresn concretes’ data,  of materwal from Hassace
| i : i 'U"“; ”e‘g_ul (e;nertt :mrc;z; lr’:tc—:‘wl Day of
Serte ‘Sf-an.’i flixing rulco v‘COrnpa.ctLOn, - offresn T 'm:Zru ‘
CiA:W | concrete content . K5 I
— S I SRS el
1 16 At i mm sz‘a.nper i 1912 ‘ _»2:3“57 i 4409_»5'“??3“"! 08.05.
6 withoul 861 106 AL | 121 lesog
w076 '_tc_tff_fraww 4902 i gde ‘ 4324“? _25%_ ) ?psw_
o 7wt quky s Laocz | oas0 | mon
By gy MEsasrer 2031 Duss 93 2539909
8 witheut 1524 333 998 490 13.03
a0 r“t*_iflff’i___%ﬂf‘f 9T asiE 261 L w00s
g withoul | 4582 357 goud 203 | i
A2 1607 with stamper 1853 238 qw37 189 16. 69,
5 10  mekasl 1303 167 1004 432 1 46.0%
Mgy igyp e Stameer 1462 d26 1302 234 1909
M withoad 1350 236 Gyt 179 13.09.
) 3 £ 057 .,,Lm sru.mpuﬂ' ..217;3 7\5;‘,’3 ’ 45.1.: .6.’7’577 7 12.09:
Tavie L. Testng data of concretes made with material from ifassace
f P N T
i { Wt rvaghf . Dry u.ru,«. Compressive | Day
| serie (Ligne | ar testiny mug’l—t strength of
E G i Mba | tESTRg
N T AE
’ 6 | 135y 1 764 0,7 | 17.09.
“2 -4354 1717 '7,;' ! 2203 o
B T TR I LI L L
; 4 ’ 2005 486/ ) '; 14,0 I 23.09.
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A N NEX _Nog it

UH.T_TQ KNOW_ABOUT ‘LT GHTWEIGHT AGGREGATE CONCRETE 2

This paper was V'ltten to outliniang thc most
important information about lightweight aggre-
gate concrotes, Its purpose is oﬁly to zive
basis for testing Syrian natural lightweight
materials for collegues wﬁo will bLe working on
this field in the futurc and will finish the
rescarch begun in September 1931 by the cexpert
of UNIDO

1.~ INTRODUCTION

The ordinary concretc has many advantages (high compressive
streﬂﬁth, small shrinkage and creep, resistanee to different
cnvironmental offects, ete) Lut it has also many shortages
(small Lending strength, heavy weisht, sreat rigidity, Laad
thermal insulation, ctc)e To climinatc thesc shortases, lisht-
weight aggresct. can be used for making concrete structurese

Development of Lisht~.izht eoncretes has begun in this
czrntury not only bocause of their properties but due to de-
ficiensy of normal weisht agrregates (river sand and gravel
- crushcd stonc) in many countries. teSe in the Soviet Union
and UeSehe Thurc are territorics where normal aggregate
are not available or only from great distances (more than
from 1000 ki) so to spare the transportation costs, uti-
lization of local materials either natural or artificial

hecamc conspicuouss

The natural lishtweisht eggregates originated from wolcanic,
activiticss volcanic slags from lava flows and volcanic
ashes, cindcrs, pumices or tuffs from cruptions, The

Syrian Aral: Repuilic has more volcanic arcas where materials
of good quality foir concreting are available according to

the previous smeological and technological rescvarch work

(sce annex 1, Chapter 4)e
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In many cascs laymen think that making concrete con be
casily: cument, agzriecate and water should be mixed,
aoured into thoe noul?, compacted and after only onc duty
-cmains: to wis until it is hardencd, This mixture will

- robably be coicrcte Tut it will undoubtedly be uneconomic
cae and ite quality wont satisfy the requircements,

The concr:te has zood quality when its properties meet the
technical prescriptions and it is cconomic when it is made
with thc suitable materials and by the satisfactory tech-
nolozye

The most important properties of concretc and not only that
of the 1ishtweiszht aggregate concrete arc generally its

unit weisht and compressive strength, Of course, there arc
also other important propertics but there are in elose con-
neetion ither with the compressive strensth or with the unit
weighte Siach propertics are the flexural or bending strength
the shringasc, the erecp, the clastiecity, the resistancc
asainst cavironmental _ffects, the thermal conductivity,

stCe

The uwnit w.ight of concrcte is generally in terms of k{;/m3
and it can Lo measured on differcnt conditions: immediatcly
~fter compactin: (uri. weight of fresh concrete), after 7,

1y 28, ctee, . =(unis weight at testing) and after
c 2ying (unit w i 2t »f dry concrete), The unit weight of frosl
coerete can .. us. i for control of concrete quality, Dryin-

is necer sy since the waser content of conerete depends on

the humidity of the environment and the water content influcic .o

the unit weisht,

The compressive strength (lo- d-bearing capacity azainst
pressin: forces) is controllcd with some kind of specimens,
In onc part of Standards (cege in the Amcrican ones) cylin-
ders ar. preserilied (15 em in diamcter and 30 cm in height),
other 3tandards ruquire cubes (c,”e in the German ones) of
length in cdse of 10, 15 or 20 cm (in somc cascs of 30 cm)e
Sometir s prisms arc used for testing compressive strength
vith dimension txi%16 c¢m (for c.ment morter), Tx7®25 cm,
15x15x50 cm .tc, {(for conerctes): first Lonlineg strensgsth is
investiated then the compressive strength on the half prisms,
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1t is very improtant to know alout data found in the lite-
rature, what typc of speceimen was uscd for investisations,
because 2 cmoll cube or cylinder from the sone material shows
higher compressive strength than a bigger onc or cylinders
show lower strength thon cubese It is to bLe noted that the
rcal strength of material is the same only the results of

investigation :hange . to the diffcrcnt types of form,
The conwcrslor “ro2tor wroar the dlfferent types of speei-
nens depends ¢t v T oatures (sroin-—-sizo, cement-matrix,

riddity of th. coucrobt.. etcs) in ginorals

compressive strength in cule = 1,2 x compressive strength

in cylinder

The comprissive strenzth is usually controlled in 28 days.
gter concrcte making, this the standard strength, If the
strength vas invostigated carlicr, thoe hardening process of
cement uscd to e concrete hes to Lo known for cvaluating
results, Coment 350 (accordineg to ISO Standards) has strength
in different daysy in 1 day = §0-12 pet, in 7 days = 40-60
pct, in 14 days = 60-80 pct, in 28 days = 100 pct (at tempe-
rature of + 20 °C)e

The procccs of ricking concrete wconomic ant Hf good quality

isve coucrcte of prescrib.d unit wcisht and compressive

strength, is shortly asz follows:

a) The nost suit2alle noterials, i.c, cement, aggregate and
if it is necessary adlitives have to be chosen, prepared

in a satisfactory way and mcasurcd their necessary quan-

tities by v it -~ rding t0 the prescribed mixing ratio,
b) The weighed . S.ri-l: have to Lo put into mixcr and mixed
first the ¢« = ..t “3ls then added to them the woished

water econtinuin - mixin - ¢o the nccessary time,

¢) Aftcer mixin: the mixturc has to be transported +to the
working place proventing it from dryine, put into the
moul’l and coimpacted with th suitable machine during
satisfactory poeriod of time,

d) The concrete in the mould has to be moistencd in a suitable
way and durin~ required period of tim~.
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As it con e scon in thesc sentences therce are more atiri-
tutives, suitable, satisfactory, ncecssary, rynuircd ctce,
These attributives indicate the parts wherc attontion has
to be paid to :ckinr cuncrote becausc at these parts it has

iy and compi.orive stringth of concrete can be influcnccd
wnd reguloied,

RULES_OF_PR2DUCING_LIGHTWEIGHT AGGREGATE CONCRETES

2¢1 THE MOST SUITABLE MATERIALS HAVE TO BE CHOSEN

2¢11 Cement
The cenent is fince ground hydraulic bindcr, iece
mixing with wabter it scts and hardens cither on
air or under water, The mixturce of cement and
watcr (so calleds cemert-paste before sctting and
councnt—natrix after hardening) sticks thoe sand
en gravel or other a: regates ad”.d to it and
thic sticked conpound will be aftor its hardening
insoluble in watcr,
The hardeninge process is the result f hydrolysis
cnd hydratione During hycrolysis the mincrals of
clinker dissolve undcr tho action of water ions,
the ouides woe transformed into hydroxidese The
hydrclicis cnds when watcr Lecomes saturated with
the 1ro’acts of hydrolisis and with Ca (OH)2.
Durin: thce hyiration, different hydrosilicates and
aydroaluminates come into being and temperature of
concrcte increascs becausc the hydration is exo-
therma  proccsse
To this hardcening proccss, water and temperature
above 0°C arc necdeds faen the concrete dries up
durinz sctting of cemuvnt, the hydrolysis stops, and

P concrote looses its strength,
When the tomperaturce decreascs below 09C, the water
in solution frcezes and hardenin,s procuss will be
suspuendede

q//
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Vh.n the environmental temperature is too hish
(above +30°C), +the hardcning procoss becomes
foster, the temperature of concrcte increascs
festly, the councrete drics up casily.

To make concrete in hot clinmatc, cuments of slow
sctbir - arc alvisablc,

The o%vren-th of concretce depends on the strength of
~ement:  the stronger the ccment is, the hisher
stren 4. th. ceoncrete has, Stand rds of Jiffcrcnt

¢ untrics prescribed different ncthods for testinz

cement quality, thercfore the trade-names of cements

(o]
F

the saiic quality could be diffcrente Rocently the
tostin: nmethod of cement kas been unific” by ISO
(Iatecrmational Standard Orzanization) and trade namcs
o7 cunent bLecame uniform (sismes: 250, 350, 450

2nd 550 which figures rcpresent the compressive
strionzth of stendar? cement mortar in 20 days in
tems of kp/cm2). With cements of differont stronstis
cw e produced ordinary concretis of strungths
azecordin s to Table 1 (uinde with quo»tz sund and
C?&Vul).

I2 the Syricn Arab Republie cements: £ 350 arc gence—
~2lly availablc,e

2e12ess7rCrate
Agorerate is used to conerctc for sparins cement
and 1i..orovin~ concrete properticse The propertics
of a; r.~~tes influence both unit weiht and com—
pressiv . tr nth of cenerctc,
Unit .1 ht is influcncod by the weisht of aggre-—
w05, (first and for most by the bulk density, sec
Anncx 2, Chapter 2)e The lishter the agrresate is,
the lishter concrcte can Lo produccde Soric data cun
be scen in Tablc 26
Compressive strength of concrete is detcrmined mainl:
Ly the crustiness and v ng of  asgsrcesate, Tho
strength of the agsreszate influcnces also the con-
crete struength but its offeet is of lese importanc..
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Bee compressive strength of 40-50 MPa can ¢ reached
both with éexpanded clay ond quarz acgregsates although
the strensth of cxpande? clay grains is only about
tenth part of that of quarz gravels,

Investization methods of aggrezate strongth are des-—

(SR }

critbe¢ in Annex 2, Chapter 2, The results of this in-
vostications are characteristic also Cocr crustiness of
azzrosate grainse Thesc propertics of naturcl agrre-
gates (strencsth ond erustincss) are siumen, therefore
grading is the only feature which can be modified
or rath r inprovide
The ~relin- neans the proortion of different grain
sizcss what quantity can be Tound in aggresate from
sredis of 0=-0e1mm, Oe¢1-02rmm, 0e2-04%mm ctc, This
rroin distribution of agesrezate can Le illustratcd by
sroding curves (examples are shown in Annex 3)e The
forns of grading curves can be seen in Fise 1o
The form of aggregate groding intluenees the propertics
of fresh and hardenced lisgntweight conceete as
follows:
a)If the ;grading is similar to the curve of Fige 1eA
(1ittl. quantity of fine grains), the workability
0" econcrete mixturce is cenerally insufficient, the
t 1 .refore both unit w.i-ht and corrressive strength
viry in lowor ransce
Usually such griding is used to the “ao fincs conerctl”
vhich is utilized to cast-concret. “Hr aall con-
: truetions made in  siteo.
b)IT the grading is sirdilar to the curve of Fine 143
w(bis e quoeiity of fine srains), the workability of
conc: % . inproves, therefore both unit weight and
compruo.ive trensth inercascge Usually such gradins
is us. . t. 1..! bearias constructions made with
Lihtw.oi ot amsresate concretiss
¢)If th. radineg is sindlar to the curve ol Fige 16C
(rap rraddng), the dunsity of concrete increases
thou-ii the workability Jdocs not improve, since the
adxture i inelinel to scepggregations
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In some casecs, utilization of such ~reling cannot
be avoided, ce 3¢ wWhen lightweight aggresgate can
only . rcduccd in coarser grains (épanded clay)
and for nroducing cement mortar in enough quantity
suppl crient of natural sand is needceds

AMI{ “he srading is similar to the curve of Fige 1eD
(irremular curve), the properties and desisn of
concrete become uncertain,

The correct srading depends on the -iven properties

of 1li-htwelht asgrezate and the required properties

of concret: therefore to determine it exavtly, research
work is necdcede

Usually ~rrodings according: to Fige 2 are us:d to the
investi ;ations. With every sgrading the same mixing
rotio sh ould be utilized (e.ge 1:4:0.C)e Water content
car o determined according to water alsorption of
arre wte (in the cxample water absorption is 20 pet
Ly we..cht, lece tn asgre-ate of 4 part "y weisht,

viater of Oge0 part Ly wei:ht can be adicd),

The mixture should be compacted by the sme method

(eess on vitra*ii: table) and compressive strength
shoul} .. % .~tz2d in 28 days, On the hasis of results,
the suitnll. -r ling of agrrcgate can Le determined,
Usually, coaprescive strength of concrete made with
ase o cote of 10 pet from O--inm is the lowest, Increasin~
contont of O=1rmn grains rcaults at the bheqsinning

incr asin; in compressive sirength, after rouchins the

opti wn the compressive strongth decrcases,

The Hptinun content of O--1rm grains :lemends wlso on
the nixing ratioe The tendeney can be scen in Fige 3
he »oal cof investization of aggregate gsrading to
¢ot: Dlish the real deta of relationship shown in
Fi-. 3, which is the uLasis of the further rcsecarch
wor s (sce luter)e

8/00.




- 81«

2413 Admixtaes
The prorerties of concrete can be influcnced by ad-
mixturcse. Concrete admixtures are special chemicals

acled to the bateh beforc or during mixding, The guan-

titice used arc, with few exceptions, very small, never-

thlcs: they can impact certain desirable properties
to th  concrete that cannot be secur.” by otiier methods
or no; as cconomic2lly,

The moe t frequently used admixtures ar::

a)ace narators to increasc the rate of =:tting or the
rot: of hardenins or both at early o s, including
som: of the soluble chlorides (primarily cazlcium
chl>rice), car onates and silicates

b)water re izing: il set retarding admixturcs to re-—
duce the vt roquirement of concrete, or to re-
tarl t.. sct, o VUoth, including Iignosulfonic azids,
h: roxylated cartoxylic acids, carbohydrates, polols,
w1 the salts and modifications of these (primaridy
calzium 1isnosulfonate)

c)oir-cntraining admixturcs to introduce a system of
si1711 air ubbles into the fresh concrcte during
riz@ns, usually anionic warface-active aguents

d)fi .« 1ly c¢ivided mineral admixtures to incrcase the
ch :nical resistance of concrete, reduce the heat of
hy lration, reduce expancion produced by alkali-asarc-
s be reaction, improve the properties of fresh con-
ctete, and so on, inclu'ing natural and a:stificial
ooz zolans (primarily fly ash), hydrulic lime, blast
flinace slas, and ground quartze

It . important to recosmize that admixtares are no

sustitute for sound concrete-making nricticess

As o natter of fact, the proper utilizution of admix-

turcg requires inc.eased carc, for inctaice, in

bathin-, . otir.r aspects of the concrete. making

nrocedur. .. >ull :lso be kept as constant as feasiblcee

Y eue




.

-92-

Since L.y admixtures affect morc than one »nro-
persy of concrete, sometimes affcecting desirable
pronertics adversely, and since these effccts may
be  wcpendent on several factors (Lrand and type of
cerimt, otc) and since the mechanism of action of
nost adaixturcs is not quite clear, in vsing any
adndxture, careful atteniion should be .-iven to the
inscructions provided Ly the manufacturcr of the
producte Also, an admixturc shoul. e employed only
aitsr approprizts evaluation of its :ffects, if neccs-
529 Lr usc of trial mixes with the : 2rticular con-

crctia

The most important additive for 1i hitweiht aggresate

corcrcte is the air--cntrainere Thicz cnomical improves

the wirkalila~yv. 1lece the nobility, the cohesivily,

the v 5 -rct.ntion and conpactil:ility of the fresh

concr.b. .2 .11 2s it can substitube the very fine

arzcre ~ Lo pecticles (below 042imi) ¢ The air--entraincrs

pdins ints beinss very finc air-bubbles is not as

hish o8 5 pet by volume, the compressive strength

of th. hardencd concrete is improved too,

The 2ir content, sizce distrabution of air voids in

21 air-intrained concrcte and the compressive

strensth are influenced by many factors, among the

rore inprotant of which are ¢

2)the natur-.. and concentration of air-cntrainin~g
admixtur. (for information sce Fie 4)

t)the noture and propertions of the insrcdients of
the concrete (for information ¢.. Fize 5)

¢)the typ. and duration of mixin - uisployew (for in-
fornition sco Fige 6)

1)the consistoney

Dt nporatur. and othor Tactors inslucneins the
setting timc

fliin® and d--ree of compaction applicd in consoli-
datin  th. = .n~retes

10/ 0
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Before the utilization of air-ecntrainer to making
lishtwel ht agzsrezote concrete, experiments arc
nccedoel to elear the above e¢ffectse It is advisablc
to us» for thise investisations aggregate grading
detemincd by testing according to Pige 2 or 3 and
uixer, witich will be uscd for producing concrete
in situ,

H. ©..S1C MATERIALS SHOULD BE PREPARED IN A SATIS-
FAJTORY AY

o trouLlc cxists with preparation of the cement
snl adnixturcs, sincc they arc prepored in and
tromshorted from the factoriese Thoe cement should
ir the workin - nlace be nrotected rrom every kind

of hwiiditye Namcly the ccnent beins to set when

it is toueh | iy water or by humidity of 2ir and it
con . tiliT. 1 noevermorc,
The . -.2 iy of 1lichtwei~ht aggregatc means

nrusiin - and Jzrcening, There are some asgresates -
sertit., certain types of scoriz or pumice, expanul
Jcd cluy, ctce -~ which do not require crushing and
screcninT, they arc utilizable in their original
stable I the orizinal material is aronulous, tho
finc rains (0-1mm) are, however, not to be found
in it, it must not e erushed for gettinsg powder,
Hut other fine grains (cez, limcstone sand) should
be énploycde Thnis is the case for material of
Shahlie,

For choice of the suitalile crusher to thc Lsiht-
wel~ht ooagresate, it his to be known that freq-
ucney aistriution (proLability curve) of the grains
of erus’s. 4 material is soenerally lo rarithmic-normal
ieue it ig inclined to the left on. shifted ~ morc
or less - towirds the axis of orcdinate (scc FiveTh)e
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But it is tiuc for rinterials crushed by equipments in which
many crushinz ¢ffects hit the grains (mills and fine grin-
dinz machincs such as hammers) only. When the material is
crushed Ly any other type of crushers, grain-size distri-
bution of materials will Le - although somehow regular -
bat diffcrent from the Fige T+A., Rocks crushed by conic or
jiw crushcrs have a Gauss-type frequency distribution (scc
Fige 7eB), while rollers (working at a low crushing rate)
give rise to right shiftcd frequency distributione The
latter is demonstrated Ly Pig, T«Ce

As a practicczl conclusion of the avove rules it can be

stated, that

a)hammcrs and giratory crushcrs are to .. pref: :red when
at loast 40 pet by weight of fine matcr121(0-1mm) is
needed

b)ahout 30 pct by weight of fine matericl can be produced
by crushing on jaw or conic crushers

¢)high perccntagze of coarse material can be reached by
using rolicrs and the quantity of fine matcrial remains
to be littl.,

For choice of crushcr, on the one hand the above rules
should be taken in account and the results of investigation=
according to Fipgures 2 and 3 on the other.

2e3¢THE _NECESSARY QUANTITIES OF MATERIALS HAVE TO DE V.E*SHED
The most important two requirements for lightweight aggre-

gate conc.ectc are the reletively low unit weisht and the
relatively high strength, but these two properties con-
tradict each other,

There is namely existing a sgeneral rclationship between
unit weight and compressive strength as it can be seen in
Fige 864 According to this Fi:ure, the highest the unit
weitht is, the higher the compressive si:omgth,

In this general relationship, however, nnnv spceial re-
lationships arc included, Some examples:
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« the relationship between unit weight and compressive
strength lcpendins on cement content is shovn in Fis, 9

- the relatiosrnziip hetween unit weight and compressive
strength dchcndins on aggregate grading (in terms of O-1rm:
grain contunt in pct of asgarcegote weisght) is shown in
Fime -0

- the rela%ionship Letween unit weight 2nd oo, ressive
strensth depending on watcer content is shown in Fige 11

Such sp:cial reclationships can also be determined for oth.:>
featurc3, cezs for type and quantity of admixturcs, for
mixinz time and method, for compacting methods, ectc

Primarily the relationship between cement contunt and unit
weisht depending on %ﬁ%ééué%éﬁg should be detcr mined by
method laseribed in Annex 2 (Chapter 3 aad Fisures 4 and 5),
To this irvestiration gradin: of mediun T ne content is
ad¥isal L. (about 30 pet by weight)e The m thod includes also
the invistizaticn of coapacting effecte

Por detominin~ the suitabl: mixturg, it -1ould be taken in
account that lightweisht conercte must Le producced with
unit weight less than or equal to the presc 1ibed one and
with comprecsive strungth highcer than or equal to the re~
quirement, i, . if th.. prescribed quality is in compressivc
strength 10MT~ =n' in unit weisht 1500 ke/m>, the real
cuality must Des
in coiressive strength Rc 10MPa
in dry unit wei,ht Sa 1500 ke/m
The composition of concrete can be calculated as follows:
- c.rint content (mc in kg/m3) can be determmincd on the
basis of rclatiorship cccording to Fige 5 in Annex 2.
~ watur cheiadically bound by ccment can be asswaicd:
Pyt = 0,2 Pe in kg/m
- agrresate content (Ma in kg m3) from the rpesecribed dry
unit weisht (Sa): Ma = Sd -« (Pc + 062 Me) = 5d ~ 1¢2%¢
Unit Weisht of fresh concrete (Sp) can be calculated
fron the agrregate water wosorption (. in part by weight):

in w
Sf = a4+ Mo 4 ma. a
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Exaomniy1lc

Requircmort in compeessive strenzth is @ Re 15 MPa
1600 ka/m

Water abscr.ti~1 of a-~;regate in 045 hour (accordins to

Requirencrt in dry unit weisht is: s Sd

previous invecti~ntion) comes to 15 pot, iets W2 = 0415
Demand in cunicnt content for fulfillin- the rcequirement of
Rc = 1517’ compressive stren~th (accoerdinz to the previous
investisutions) comes to 3 Mc = 300 k{;/m3 ’
Aggresat: content should bLe: o = 1600 — 1e2e300 = 1240 kv/:
Unit wei 21t of fresh concrete is:
Sf = 1240 + 300 + 1240e 0,15 = 1726 ko/m> = 4770 “%/a’
Mixins ratio {(ccmenti:aggresateswater) =

8 5 o =1 4m o2
It shoull ¢ mentioned that the quantity of concrete in-
sredients can e expresscd in two ways as it can be seen
above: i1 tcms of kq/m3 (concretc compesition) and in terms
of part 5; weicsht (mixing rotio).

Prom the samc mixing ratio many concrete conpositions can
Jeriv. viich Jdepend on the compacting effint, 1,06 on the
unit w.i~ht of fresh concretce, E.oe the mixing ratio is

as aboves

1t 4,13: 0,62 and th. unit weishts of concrctes made with
this mixin - io Tut compacted diffecrentlys 1200, 1400

and 1600 k. /-2 »

The conzrete compositions are as follows:

Unit Yol ht Ccment Aroresate  Water

in k;/%@ contentin kg/m3

1200 20847 361.9 12944

! 1400 243.5 100546 15069
1600 27843 1149.2 17245

Calculaition of conercte composition from the mixing ratio
and th: lunit w.isht of fresh conercte is as follows:
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Amount ol parts in weight has to be calculated and the
unit wuiht of fresh concrete has to he divided with this
amount, With th¢ quoticnt, cach part (Ly weisht) has to
be multiplicd, Eefe calculation of concrete coriposition
fron alove dota for unit weisht of 1400 kg/m3:
Amcunt of wnarts : 1+1,13+0,62 = 5,75
1400: 5,75 = 243,5
1. 243,5 = 243,5 ki/m
4,13, 243,5 = 1005,6 ke/m>
0,62, 243,5 = 150,9 ki/m>

For inr-rmnaition, cornositions of lighitwel ht ccnerete madce

Quoticnt :
Cemcnt coatoent :
Agprccate contont :
Watcr contint :

with dilf.rcnt oosrescte are suown in Tayl @ 3, (from the
Hunorion Gole Practic:)e

INRRSDIINTS QF COIICRETE HAVD TO BE MIXED IN SUITABLE WAY
Mixin~ is uscd to transform the ~ranulous natcerials into

homogenecus mixturce Heap of dry materials {agrresate and
cement) concists < ifferent srains and air between grains
lece it can ~ongi’ rad as a prelimirary coupiictions
With mixin.- iv con ~o oltaine? that the water would cover
asrain surfoc o of - regate ~nd cement. hereby it dec-~
recases “nutoermal Ifrietions and zives the necessary humidity
to cuttin~g and hardenins cement,
The nixins is cffective if
~ its carryin out is neceded rclatively short tine
~ fnpreiients of concrete arc moving on forced course
- finiehin.; the mixing, only a few air remains between
the  rains
- in=rodients (coment and aseresate grains, watcr and per-
haps admixturce) arc divided homogeneously in the mixturc

The nezessary nixine time ic Jctermined 'y type of mixer
thercfore it is advirsable to “_terminc b, srial mixing,
At thiz invoestiration not cidy the avera compressive
gtren th 1ot 21lso the standrrd deviation sauld be cone
troll.d,

Some results of such investisation ( carricd out in Hun~rory)
can be scen ‘n Pita 11,
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According t- *l._sc ro=lts, mixin~s of vervy short time
yields very hi 1. eiondard deviation: it comes in control-
led mixer to 35 pew, ut in free fall nixer to 60 pet at
mixins ti.¢ of 10 se At this short timc, a low compressive
stenzth ¢in be aebtaincd only, At increased mixing timc, the
results D:come Letter but in free fall mixer it has to be
taken carc of the too I »ng nixing time tooe

FPize 11 shows rclationship for one conrcte composition
(cement content of about 200 kg/m3, mediun finc srains
(0-1rm) contont, If the composition chanzes so does the
standard dceviation and avcera;c conpressive strength too,
Eege if the gquantity of finc srains decreases, the standard
deviati-z. will incrcase becrusc of decreasing the fresh
concrcet : cohesivity,

It has 5o Le mentioned that the load-bewring capacity of
constru:ions depends bLoth on averase compressive strength
of their material and stand~rd deviatio ©f compressive
strengtil, 2u can Lo cupposed that the coupressive svtrength
has genceally Gauss -type frequency distribution accordin

to Pige 12. (nm . Tistribution). If the standard devi-
ation of c¢,.. - sg’v. strength is simced Dy S (in MPa) and
the averag. i o7 ive strength is si med Rc(in MPa), the

values * ~londn-c wo Y difTerent prolibility levels arcy

probal 1ity lovel 5% Rfc = Re - 1,645, S
prelalility Lov. 1 2,3% Bre = Re - 248
probal ility lovel — 0gdd Ree = Re - 3,4 S

accordins to the Geuss-function,

Ree (:.v called treshold valuc of the compressive strength)
mcans the permissible lowest strength, Lelow which deter--
mincd percent of the real strongths con occur (Cece lower
gtren~th than R

of 5 jcts).

1c = Re-1,645,5 can occur with probability

The 1w to date ealeuwlation o load-bearing capacity of theo
conssructions is ltac.d on yrehabilitv 1. neiples (in sunc-
ra’ thoe troshold wal o bel-aging to the » obability level
of & pet iz wce.pt:dly
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thercfore krovlodse of the standard deviation of compres-—
s .ve strensii. is indispcnsablc, Tts necessity can casily Lo

5

¢ mprcechended by 1 vxanples

I'7vo conerct. s.rics have the same average compressive
stren~ths 101 and RCZ = 20 MPoy Compressive strength of onc
of thom fluctuatcs betwecen 15 and 25 MPa, that of the othcer
fluctuates Twetween 10 and 30 MPa, Standard deviation of onc
of thun coms to 81 = 1,5 MPa, that of th. other comes to
S, = 2,9 IPae It is obvious that the first concrute has
higher load scaring capacity than the scecond onc because the
first has 1ore unifarm quality, The treshold valuces of the
compressive strencth (at the probability level of 5 pet) arcs
Reoq = o1 = 1,645¢ 51 = 20 - 1,64541,5 = 17,5 MPa

Beoo o %2 - 1,645 52 = 20 - 1,64502,9 = 15,2 MPa

Mixins o .0 “htweisht crgregat: conerete ic very similar to
that of th: ordinary concretc. The literatur. suzgrests the
pro=saturasing of the lishtweigsht aggreset.. Ifts reason is,
that thou=i wat .r a=orption cof lishtweiht wsgrezates is
senerally mick, it continuces, however, norc minutcs,

If dry aggr gote is put into the mixer and th. . the water,
ti . water avhscrption o -ins but it does not €inish in the

nm ere In thi. « .. th. conerctc can losc¢ slowly its work-
2 ility and U; L. tlnic when 1ts compaction is be mun, the
acrete i alriady so vy thot it camnot be converted into
LCNSCe

The pro-coturated aszgregate contains the necessary quantity o
water, th.rcforce it is not nceded to add more water in the
nixer,

The pru-siburation of voleanic li-htweisht apgresate is,
however, 11 gencral not ncccessary,

THE CONNCi:ZTL HAS TO BE COMPACTED WITH SUITABLE MACHINE DURING

SATISFACTORY TIINE
The impo “ance of compaction couvld be secn in Annex 24, in

A —

Fismurco 1 und 5.

From th. :oint of viuw of compaction, the w.irability is
th: most important property of the fresh conc -ete,
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The worka ility can be investigated with many cifferent
methods v ich can be dividcd into following groups:
a)investi ation of fresh concercte, deformation (Abrams-
. nethod)
b)investi ation of fresh concrete's rcadincss Dor compactin-
(RILE? - ¥lanville rothod)
c)inves i otion of penctratio. degree ol omc heavy, solid
body :r 5o the fresh conerite (Graf-metho?)
d)inves-? ation of transforration degre: oo the fresh con-

crcte - Powers - riethod)

d

Y

The fesc:iption of thesc mcthods can Le “ound in technical

D) literatuwe, Here ¢ o one method will be discusseds inves-
g tization p ¢ “.rce -7 resh concrete's readincss for come
gké pacting,
fiﬁz After ni:in ', frow 7o sh coacrcte samples shoulc be taken
’ §§§ out an. 1.caesurcd its bulk Censity. For the invostigation
-Ewg ) the moul s (cules or cylinders) can be used in which the
| ﬁég ’ concret: speeiniens will be made, The frosh concrcete shoull
§§3 i pourcd 1iito the mould looscly and the upper part of the
;g; concrev: should be smoothed without conpacting:, The loosc
g concretc in thoe mould shoulld e weighed and the bulk den-
%é: sity of the corcrete should be caleulated (Seb, in kg/m3)q
é§§ PIhe recciness for compaeting (in pet):
233 v =% - Sen , 100
i
g'f.{{' 5o
§3£ Concres: recadinvss “or compurting expree .os, that - after
;§§§ the ~iv:n corpacting ~ with how mony pere.ntages the fresh
/ concrcet: will Lo aczvocer than without coipr2ting.
' The 2' cve outline? method oo similar to the RILEM-Glanville's

onc -, the RILEM-GLonville method uses o compacting machinc
to obtuin a maxirur density (i,c, theoretic lly ideal conw-
pactin - macliir. r...lly), the outlinced method uses practi-
cal coupacs. - aant i, which is sencrally used in situ,
Neverthelo s, 70 ..o coacrete has good workability for onc
type of comucetin: iochines, it does not indicate, that th.
samc :oneret. has also ~nod workabhility when ovher type of
con «ctin nochine is usode
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This is why thc here osutlined method is prefered to the
RILEM-~Glanville onc,

During compacting, the air-bubbles are expclled from the
cement paste of conerote, the aggregate particles are sgoing
to come closc t. cach cther, thc concrct. density and its
compressive str.:7ti. increasc, If compacting +ime is short,
the above written piccess is interruptced, conerete does not

obtain tuec presceribed strength, I compacting tince is lonsg,

it can Lec obscrved two faults., Onc of them is the flowing oud

B

the cement paste, the other is the too hish unit weight of
corncrete, As it was mentioned in Chapter 243, the required
water content was given from result of agrematc water ab-
sorption. It should be corpleted here taking into considera.-
tion thc compacting process,

Concrecte recadincss for compacting depends on preding of
aggregate (priuarily on its fince content), on the quantity
both of cement and watere Bas:m to realizc: the casier is
compacting granulouse materials, the low:r is the frictional
force amonz the particlese Tosether with th. finc grains
(cement and agrrcsate below 1 mm) the water .ives possibi-
lity to decreasc the frietion. The higher iz the water con-
tent, thc lower the frictional force is iaue the less cone
pacting cffect (capacity and timc) is needud, It can he

scen in Fige 13358 when in the sane cement: egercate nixturce
tiie water quontity is inereasing, by unchanged compacting
vffect the dencity is also incrcasing till the optirum
point, but using mor: water luads to dec.easing in densitye

The rclationship tctween watcer content and comprossive
strensth can he scen in Fig, 14 for different aggregates by
using the same conmpactione For the sake of comparability, in
the Fis, 14 the ordinary concrcte can also be found, Fron
this Fi, can be stated how the water content "influences
the unit weisght and compreseive strength of different

lightwcipht agrresate conerctes,
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2,6 THB COMPAC'ZiD CONCRETE SHOULD DE CURED SATISFACTORILY

To settin~ ind hardening cemc:: water is r.-uired, In the
first scttiir period, the watcr added at mor ing is satis-—
fying, but shen the watoer has ovaporated, coltin; and harde-
ning proccss of the cement would be inter-5.d, Therefore
it has to ¢ hindercd drying oy kceeping tl. . ¢t conditions
by watering,

Its length of time dr_ onds on the 2ir humicit , sunshing,
v.nd ete, Th. proscrintions require in rencral curing of

r nimum 7 lays.

I. king concrct. speciocas in 12boratory 1d investigating

tieir co: j-ession strengtl, cvring is also requirede It has

to bc knom that the water content or humidity or concretes

influcneces their strength in tvo ways:

a)somc types of asgregates (principally materiels with raw
clay crntent) arc smoothcer in wet than in dry states
‘hercfore conerctes made with thesce as~regates arc weaker
in w.t than dry conditions

bH)testins rosults of concrete specimens Jlepend on surface
bhuridity of concrete, becausc friction comes into being
betwee:. the pressing plate and the concrete surface, The
lowcr e testeld compressive strongth 7+ oven if the
real corpressive strensth is Jlic samc,

Therefor: it should be “aken care of equal luuidity of
specimcns Dy keceping curing - nditions cguac .,

Curin~ of lightweight asggregate concreto is generally:s 1 day
(maximun 2 days depending on strength) in  oulds under wet
clothes or in fos cr il cr (air huwidity greatcer than or

. ual to 96 ct), aft » “aking cut from the moulds they arc
1t in water. T T oar doys before testing, the specimens
e taken out from +. watcer ~nd stored 2t dry conditiors
(naximui 65peto air humidity) wp to testing,

20/000
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3o~ INVEITIGATION PRIOGRAU_QOF SYRIAN LIGHTWEIGHT VOLCANLC UATERIALS

Intention of information in Chapter 2,1 — 246 was to cstablish
to male cvident the program of investizations of Syrian lisght
welsht volcanic materials presumahly suitable for making con-
crctese It sucnmed o e nccessary o summarizo the mowt impor-
tant informaticn because the cxpert of UNIDO stays in Syria
only %o the cud of October so the finishing th: investigations
end cvalustiny their results arc charge of Syrian counterpart,

3.1 PURPOSE OF INVESTICATION
The purposce of these investipsations to comnar: the propert-

ics of lightw.i~ht volcanic matcrials that can be found in
r.any parts of S:iie for selcetion and on the basis of results
t5 choosc the ious suitable materials for building industry,

Tae previsus cstinations osta.lished that thesc materials
should »o »rimarily considerced for producing concrete so the
investizotions shall be concretec technolozical oncse

Durin; these investigations should be detemined the using
fields oi .aaterials (for load-bearing constructions, for
masonry-trits, for thermal insulating products) as well as
the main parametcrs of technology to be employed to pro-
duction,

3.2 METHODS OF INVESTIGATIONS
The neth>yds cnployed to investizations of agsregatce should

o oo

be based upon RILEM reccommanci.tions (Réuviizn Internationalc
des Laberotoires sur les Essais des Materioax ct des
Constructions, Paris)e The methods employc? to investigations
of cone * to techrnolosy can be recormanded o basc upoen
systcia 1.vclopel by cuthor (sce in Annex 2),

At this time there is no suitable laboratory in Syria for
carryin:s out thoe in Uotigations, The laboratory of Ministry
of Communiccii .. has only a few moulds, there is no erushcer
sereencr and iz r ~wnd the storasge place for specimens is
close (for « ~ut 30 svocimens only),

-1/ eee
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In the Industrinl Testing, Rescarch and Development Centre
there is not concrete lahoratory. Mre A. Bozanoi ¢, expert of
UNIDO, has su-jested in his Report (Terminal Report on As-
sistance to Devilopment of Building Matersals, SI/SYR/76/801,
Damascus, 20 Octe 1978) to buil:’l up laborotory of concrete
teehnolo and so has did Mr, 2, Prijic, cxpert ol UNIDO

in his final rcport (DP/SYR/T7/C04/11-17/i/2 3 ' Damascus
December 1900)

Directicn of Rescarch Centre wants to equip this laboratory
in the ncar fubture to which Report of Mr, Bozanovic contains
recomnicndations detaileds The investigations can start after
having cvaquiped this concrete laboratory, Author suggests to

arry oul the investigations in the Research Centre in closc
co=-operation with the General Organization for Ceient and
Buildin~ laterials, The instruwacnts, which 211 be available
in this now laboratory for testing, can modiry the prac-
tical performanc @ of investigations but withovt any modi-
fications of their thceoretical Dasis,

3«2 1COMPARATT VL, TESTING OF DEPOSITS

For comparative testing, samples should bLe tal'n out from

different deposits of volcanic materiale In Anncx 3, materizl:
’

of three deposite (Hassako, Racca and Shanhba) can be found,
Aczording to the information, Syria has nore volcanic de-
Ho3its (esze noar Adrz) ond in onc deposit. more types of

naterial can bLe found,

It can Lo sugoested to carry out investications of cvery

type of matcerial as followss

a)testin< bulk density of metcrials on grain sizes of 0-1,
1=4, 4=~0 and {~16 mm (according to ISC cieves)

bH)testin~ strensth of material particles on grain size of
8=16 rm or 4~

c)testing crushability of matcrials by jaw cerushor in labo-
ratery scale (with investisption of grading of the crushed
materil)

d)testin  water alsorption

cytestin s wndt wei~ht and speciile gravity o the rocke

22/100
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Results oi testing bulk density shall be plotted azainst
results of testing sclf strensth (strength of particles),

In PFize 15 the sketch of this rele%ionship can e scene

This Fiz. gives the basis o. cvaluation, becausc it is ad-
visable to choose materials of low density and sirmltancously
of hizh conprcessive strength for detailcd i:vesti-oations,

0f enursc for choice of materials for detzilzd investisa-
tions, th: e¢stimated volume of deposit and th.c transport-
ation disvtances and possibilities should Le taken into con-
sideratio:.

according to this evaluation samples of bis quantity (at
least 5 m3) should b. *%zken out from suitable Jdeposits for
t sting concr.t. fichnology and propertics of concretes
3227 'CHNOLOGICAL I:VESTIGATIONS
Thc technnlogical investizations should Lo carricd out with
Vig sampl:s (at lcast of about 5 m3). The objeet of these

investigoations is to determine the technologsical bchaviours

of the majserial, the method of producing concret.. and the
propertics of concretes,
a)Rreparasory Work
The raw material arrives for the investigations in rock
slunmps - apart from a few exeeptions- therefor. the matce-
rial has t0 be erushede The choice of the crusher to the
big sarples depends on the result of previous investi-
sation of crushabi’ity {(scc 3421¢C)e Throc rosults arc
possiblcs
a) the sround material had fine grain (0-1:m) content
of :lout 30 pcty in this casc, jaw crushcr should be
use ! for grindinz the bi~ samples
b) the <round material had fine grain contcnt less than
30 pet; in this case, hammer or giratory crusher should
be used fur srin.2ia7 the big sample
¢) the zrou..’ :.turizl had fine grain content morc than
30 pety in tais case, roller should be uscd for grine
dins the Uiz campl. s
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(cpe Fize 7'e After crushing, the matcrial shoull DLe screenc:t
on the sicv: of 16 mme

The propertics of th. ~rushed material from t1ic big sample
¢ .ould be investisatel cecordingz to Chapter 3.21

yGeneral Invoeti sicon
As a resvlt o the preparatory work, a-zresate is availabl.

D

about 3( pcte With this aggregate, concrete mixtures shall

be madce for setting the relationships shown in Annex 26

(Fisurce 4 and 5),

The mix‘ng ratios depend on the bulk density of the

aggresase heape Such mixturcs are required to make from

which cwncrctus with cement contents of 100, 200, 300 anc

400 kg t' can be produced without compaction, For infor-

mations:

- if t1. bulk demsity of arrsregate (mecasurcd on O-16mm
hcapt comes to about 1000 kg/m3, thi. “roposcd mixing
ratiss (cenients: agroregate) arcs

1210, 135, 1:3e3 and 1:2.5

- if ta1. bulk donsity of a-zgregate (menc ed on 0-16mm
hca; ) comes to about 600 kg/m3 the proposcd mixing -
ratios (cemeni:aggremate) arcs

1:6, *°3, 1:2 nd 1:1,5

While the ~u %t cont.nt of conercte mede vithout com-

paction is 1 - t... or equal to 300 k z/md, the mixing

water can . cquzi to the wabcer absorption of the aggre-
gate, /.. cunent contunt bocomes morce than 300 kg/m3,

the wotir content can be inercased by 15 pet of cement

exces: , Eere water absorption of aggrcesate is 20 pet,

conmpor.ition of conercte is:

12002:;%9 of aggregase, 400 kg/m3 of ceciieptes The mixinz

water 'w = 120040,2 + (400-300)40,15=:40+15=255 ke/mde

In this casc the mixing ratio iss 1:3:0,6375

The cuantitics of ingredicnts (cument, amsrcesote and

wate:) $o onc mixturce can Lo calculated from the mixing

ratio, the volwie and thoe cxpectable unit wei-ht of cone ;
crete spuciinuns,

24/
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BeZe if 12 cubes of 20x20x20 cm will bc made from one
nixturc, tic mixing ratio is 1:3:0,6375 and th. cxpectable
unit weigh s of conercte is 1600 kg/m3, thce quantities of
ingredicnts arce as follows:

- volumc »f 12 cubes H 1268 = 96 dm3

- wceisht Hf 32 cubes : 0,0966,1600 = 153,6ks
which vill be raiscd to ncle a round fi-urce and taken in
accowt thc losscs ) = 170 k=

-~ sua ol parts : 1+3+0,6375 = 14,6375

~ couent juantity : 170:4,6375 = 36,66 kg

~ agsrre tte quantity 36,6663 = 109,97 kg

36,6640,6375 = 23,37 ko

~ watcr cuantity

The calculated quantities of thce materia.s siould be wcizhel

mnd mixed in e trollcd mixer during 90 se First cement
wnd dry aggrecate are nixed during 30 s then water is ad-
led to or 1 mixing is continucd further 60 s,

Fror. cac! mixture, 4x3 specincns shall be made, The first
thr.ec specimens will be made without compaetin: the mix-
turc will bopourcd into the mould and clcared down its top
with nmctal rulcr without compacting tooe The unit weight

of spcciinns (iew:e the bulk Ccnsity of fresh concrete) will
be measu .l

The scconl threo specimens will be madc with the strongest
compactin~ which can be applicd altogetheres Aftcr compac—~
tin~ tt ¢ top surface will be smoothed and the unit weight
will o 1 :asurcle

Between - nese two unit weights (lowest and highust) two
interne Vate vnit weishts snall be chosun, The appro-
sriat. :omncrite quantity will be weighed and compacted
into th. noculd (appropriate quantity mcans the quantity
which ic in accordance with unit wcisht and nmould volumc),
The comiressive stronoth of specimens will 1. investigatcd

‘n 20 diyse I:.
weording to 1 wnd 5 Pisurcs in Annex 2 can be drawn,

~ossuicion of results, the relationships
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I !tfeet of mﬁe tiaa eantmt
Goncral infermetion can bo sven in Fis. 16, where date.
of rosesrch carried cut by suthor (im Iungerian Insti-
tuts for Bailﬁag Sciencos, Budapest) arc shomm {W
gate: hlast furnace slag: ervabling. tae%ar of HMummel:
0,83; wlk dmity ot aggregnte: 760 kg
The offect of agzregate 7inc content cam be investi-

 ghted with Cifl.rint concrete compositions and with

the semc coracsinz method (highest compacting effect)
The followins zroding cam be suggesteds

LS e e e T T T L

Prections in mm o-1 -4 416

Paris in pet IA 10 30 60
1B 20 30 50
‘10 35 30 35
1D 50 30 20

Thc mixing ratios depend on the bulk density of aggre-
gat: heap (according to Chapter 3,22 Y, Such mixtures
arc required to make, from which concretes with cement
contents of 150, 225, 300, 400 and 500 kg/n3 can bo
produccd with the highest compacting effect, On the
baris of results, the rolationsaip according to Mg,
16 can be plotted,

II Bfuct of Water Content
Goaeral information can be seen in Pig, 14, The effect

PRI e R

of water contont can be invustigated with two con-
ereto compositions
The compacting method should be conform to the concrete
workability, sincc the workability improves with ine
eroasin woicr contunte
i,: ; 26/ ves




»

!’ff*‘ uater Mﬁr n m m tm: ‘mms rvmta»

ewwﬁﬁmunmm%eamum
%2d by & short time vidbretion (by longer time vibration, =
,oagpaﬂefemmm&hh&hgtmﬁc
concrote)e ‘
Such mixturcs cam be mmeﬁtcnke. from which con-
erctes with emtemh of mm&eotg/s’m
‘be produced with the mediwm m content, Tais wmediunm
uater mmt M‘Lﬁ be emxt’oa h that which was used
: : ¥or : ptes ,.2? B, m wator
mtm%mh&wﬁﬁﬁ%ptmrcmﬁ%- ‘
gregate weight,
I ﬁ:nfoﬁaﬂngemﬁe,mﬂhumemtmw
vestisntions of author (mggregate: rhyokis tuff), The
data of the investigstions can be seen in "able 4, The
relationship is plotted in Pig. 17.
Prom Pig. 17; it can be stated that increcsing water
content improves She concrete workability and in con~
sequence of this fact, the compressivc strength of the
coner:te incrcases at the same unit weight of dry con~
cretc, Thercfore i3 advisable to add rather more water
than lese,

111 Bffoct of Air-Batrainer Admixture
Tae air entrainer adeixture improves the workability of
concrete (sce Chapter 2,13, comsequently the investigatio: >
of cffect of this additive should de concerned testing
the readiness of compacting, Mixtures of different
comprsition should be madc without and with admixture and
aftcr having moasurcd thoir bulk densitios, they should
be compacted with high offcet,
The air ontrainer makes decrcasing watcr quantity pos-
siblc without change of tho original work- bility (i.e.
workability of concrete made witaout aduixturc), there-
fors the permiseiblc degree of water dccreasing and
its offoct on compressive strongth should e investi-
gatod,

The air ertrainer can roplace the very fino s gete por.-
; ,‘ ticles (bol.~ Oe”? 1m), therefore the offoot of the dec-
: reas fim ‘consent can bo investigatasd on concretes
%v ' nade thout and with admixture, 27 /...

s o I AT S R P S o

Sl s

R




100
- 2 -

3.23Furthcr Iarestigations
On the daty obtaincd from thc comparative tcstinz of dopo-
sits and tac teeknolosical investigaticas, ¢ ncretes pro-
uced with cach type of aggregate can be clacsified in the
wppropriate ~riup wccording to Annex 2., Chepter 1 (themal
insulatine cosecrct., load bearing and themal insulating
concret. . ~oal bearins coner.ic). This classifying can be
perfornc. by taking in account the ¢ vainable upper and und @
linits of unit wcight and compressive strzength, togcether
with thc fechnical and cconocwuic possibilitics, i,c, cement
contcnt should not be higher than about 450 kgﬁw3 and the
compacti.y; effect should not Lo very low,
On the basis of under and up-cr limits it can Lo astablish.’
the cat.ry the given concrcte can be inecluded in,
The catcory will specify the further investigetions to be
carricd »mt, These investigations can Le found in Table 5,
The tcestiig niothods ore regularized by Standard so they will
. not be CLocussed herc. Numbcr of 3pecimer shall fulfill
terme of tandards,

a)Bendinz Strenata
Concrct.s of followinz compressive strength are advisablco
to be Tide for investigation of hending strenzth (come-
pressive rSren~th in MPa)s
Thermel 1 svi-tings coneretes D65 1, 369 =, = = = v e

Internicdic” conc ootes - = =~ 5 015 - -
LBad boearin - conerotes - e =« = = =2025 30
The . lin-; stzangtia dcpends primarily on the mortar matrix

(come 16 + fine aggregate content) of concrete and the con-
peetiag effeete Theroforc, on the basis of provious in-
vestirations, the mixing ratio, the fine aggregate content
and trec air entrainer admixture should be chosen for vio-
orou: conpaction,

Thc :gults of bending strength investization can be plott.~
azaiist the compressive strength, according to Fige 106 It
should he mentisned that the bending strengtn of light-
weistt asgregate conerete is generally higher than that

of «:i~dinary conerct. for t.. same compressive strength,
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1)Young-modulus (rodulus of clasticity)

Youns niclulus is th. directionall tan~cnt of curve origin

drava for rclatibnship Letweon deformation and stresse Tor
tinz Youns modulus, the spocelmen is loaded with a relativ-

ely snall forcce (cegZe 500 kp) and ori~in curve conccrns
to this point (scc Fige 19).
Youn> modulus of ordinary concrcte dcpinds only on its
comprissive strorigthe Different 8tandards zive formulas
for rclationship between compressive strength and Youn«
modulus (Ee), ceZe formula of Ros:
E, = 600 000__Rc

Re+150
Whorc Rc = compressive stronsth investi ated on the sane
prism os the deformation, in kp/cm2
Youns nodulus of lightweight concretes «uhends both on
conpreosive strength and unit weightzmﬁgh?flcr worked out

the 1ollowing formula: B, = 6000 Vg e

-

where S = unit weight of concrecte in kg/mn 3
R

0

¢ = comprussive strength investigated on cube, in kp/cn2
It must Lo cu:llcd attention: the multiplying factor |
(6000) cannct b constant, it dcpends on the type of ag-
gregate , furthoriore other authors (cege Paw) docs not
give lincar pelation for unit weisht but he cntculates
with <2/3,

To investisate Young modulus, specimens (prisas) of about
fclloviing conpressive strensth shall bLe mades

intcrrcdiate conerete 5 10 15 - - -

load ‘.caring concrete - - - 20 25 30

Sincc Young modulus is to Le investizated in »rism, the
conpr:ssive strungth should also be investigetcd on prisms
and Yruns modulus shall be mcasured at stress level of

30 pet prisia's compressive strength,

C)Shrivka;

Drying concrcte yiclds shrinkage and alsoirbing water does
swcllinme If conerctc has a great shrinka-c, it is in-
clining to crackinie Shrinkage can be t.oted on concretis
accurding to Chaptir 2423 a

29/0.0
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Change of shrinia~c dependingz on time should Lo drawn
accordir - to Fige 20,
Th:: shrirkage of concretec is a reversiblc proccss, thore-
fore quick testing for information can be carriecd out
with th¢ following method:
The conr icte specimens (gencrally prisms) arc placed und.
nwature w0 ber satur-tion its longth wili be meosured with
a precision meusuring instrument (required accurcey is
1/1OC mi'e Then tne specinuns arc put into dricr (tempera-
turce 6f -iricr 4+ 30°C) and aftcer havins dricd, its length
is ncasrcd. Lerngth efter saturation is Ls, that after
dryin~ it Id and thc shrinka:sc is

Sh oz Ls (in mn) = Ld (in mm) mm/no

Ls (inr.)

A Preczin - Thavine Resistanc.
This ccwret. property is “etermined by tousting decreasc
of coiy ~:88ing stroength of of Jdynamic Youns modulus in
consequ:ice of frost action,

The test moth ol 7o i aeccelerated oncy the ¢ nerete speci-
mens ar. < . 1 40 frost durins (aftcer their water satu-
ration) wriun- .> . hours, thcn they arc put under watcr

of tenr --aturc of 4+ 15 or + 20 °C for some hours, This
prorus will e repeated many times (10 or 25 or more)e
Pr.czir - thawines resistance shall be tested on concretes
accordir = to Chapter 3423 b,

Ths Lo * method is the investisation of decreasc of dyna-
nmic ro 2dus of clasticity under the influencc of freczin -
thawin ; procuss, because on the basis of results it can
be drc i1 the change of decrcasce depending on the time,
accoriing to I'iice 216

¢)Therm: ] Conductivity
Thern - conductivity (X) is r~uantity of heat cxpresscd in
Joul. uinn passes in steady heat condition through laycr
perpe ddicular to the currcnt of heat concoction, during

1 e Jhickncss of the layer is 1m and its surface is 1m2

AL
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The differ.nce of t.mperaturcs of two layers' surface
(imner and cuter) should be 4K, The thermal conductivity
is in tems Of Wel (since J/s = W)e
For tcsting thernal concuctivity many methods are kmown
{ce7e instrumcnt of Pocensgen, that of Bock or of Nusselt
ctc)e The type of speecimens (form and size) is determined by
the instrument useds
The followings concretes can be suggestced for the investi-
gationse Thermal insulating concrete with unit weisght of
600, 600, 1000 ki/me Intcrmediate concretes with unit
weishts of 1000, 1200, 1100, 1600 ke/i.
Thce thermal conductivity is influenced not only by the unit
weight, but also by the type of fine ar-rogate useds
Therefore, when lightwelgsht coneretes of the same unit
wel-hd ar. made partiy with natural sanc, partly wich light
weisht sand, their thormal conductivity sh:uld separatly

ve invostizatude

f;Water Absorption
Watcer absorntion can be investigated on any kind of speci~
men (cube, cylindcr, prism, plate, etc)e Th. specimens
should be dri. " at t.mperature of + 1059C then saturatced
with watcr,
To expell air Lubblus from the concrete, it is advisable to
put spceimens only in 2 few watcr (the height of watcer
level should be 2 em at the beginning of investigation) and
after wvery onc hour, thc watir lcevel shall be raised
with 2cme The quantity of absorbed water should be often
measurcd ani the investization will be continucd until no
diffircnee can 3¢ determined bhetween two consccutive
measurumcnts,

g)Specd of Drying
The concrote speeimens saturated with watcer should be
placed in well defincd clinnt: (cege 8ir wmidity = 65%,
tempuraturc = +200C)e

21/ 000
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The sp.cimens should be weished in every day and the in-
visticsation will be continucd until no differunce can he
dcternined between two consecutive measurcnen s,

The resuits of investigation shall be drawn cccordins o
Fize 223

3.24 Complcmentary investigations

Propertics of lightwecisht aggroesatc concretes are influcnces
by morc factorse To investieate effect of certiin factors

is ncedad for getting satisfactory knowl.dac about every
technologsical requircment, In the course © ° complanmentary
investi.ations it is nocessary to determin

a)effeet of type of sand on 'mit weight wn’ comprussive
stren-th

b)effeet o

c)effees o

typ- of sand on bending stroen ta

H

typc of sand on Young modulus
d)cffect of ~cment content on bending stren; 'k
JYeffeet of coimactin: method on “ending str ngth
f)effect of »~ at c.utunt on shrinkasc
VYerfect of ¢ nt.n  nd type of sand or shrinke i
h)effect of cir cntroince or freczing-thawing rosistance
i)effies of a2ir cntesincr on water absorption
jleffect of air cntraincr on speed of drying
E)effuet of steam wuring on conpressive strengti
1)the sctting and hardening process of lishtweiht agsregss,
co.lcmctise
3e25Unforscable Difficultics of Conrcte Rescarch Work
Concrcete properties are influencced by 2 number »f known and

probatly mor: unknown factors, Great pars of known factors
can L. foun” in the previous Chaptcrs, Onc could almost

say th2t wrin- investigations cvery sin 1. onc of thesc
influcneing factors can be T:1lowed with -.5tention but only
by maxinmun carcful and accurney. It is nost 2t &ll unlikcely
that, docnite of the greatezt possible car. during the
invegtisations faults are creeping into thic results,

3 2//. [ X
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Thercfore, :very possible relotion must irmediately be dravm
(or skectch.l) for (valvating (ata, cege after muasuring hullc

Fal

f rcsh concrete, the rolationshin Wetw.en cement

)

density ¢
contcnt ol density or that Lotoeen water contont and dene
sity shall :¢ sketched,

Purthcrmor., e¢very circumstances should he put down CefZe
temperoturs of laloratory roc.: cle.

For th. s:ike of coll.ction of cvery fact, information, data
ctce, bourd minute book shoull Lc uscd which is to Do kept as
a diary, The : inut. ' -k should bc paginated ofore the

L ginning cf in- ~tisntionse Any page must nel be torm out

Fh

o this Lock.

I: any rcsuld wore 1i-.nd contradictory to the known or tho
nypotheti ¢l {presumcd) rclat.caship, the investigation must
e repeat.ce

Author wourl< 1lik< to make covident Ly the above that concrit.
research verk - ag cvery rescarcil work - does noi go straichi
does not +clk on  the beatun track, but it clambers up
narrow, u trodden paths and on this way the special knowlcd-e
is the si:.le conpasse

NUMBER OF : PECIMENS
The follov:ines spceiacns with one type of assregate should

be madcs
General ivrestications (Chaptor 3,22b): 4 mixing
ratios ¢} compacting cffects x 3 specimens #48-specincns

Effect of igrresatce finc congent (Chapter 3422
Cele): ! finc contonts x 5 cciient contents x 3
speeimoene =60 specimens

Effect oi watcr contint (Chapter 34224CeIl)
" ecement contents x 6 watcer contents x 3
specimens =36 spceinuns

E fect of air «ntraincr o2Mmixturc (Chapter

3 22 e, I1I)s

2 2ement contents x 3 udnixture contents

= 2 water contonts = 2 fin. aggrcoate cone

tots x 3 spoeinmens =72 speeimons

anount o technolorsical investiation
Chaptor 2,22) = 216 specimen:

33/eee
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Purth.r invostizations (Chapteir 3,23):
Bendin - Strongth (Chapter 34237):

3 concrete typec x 3 specimens
Young modulus (Chaptir 3423 )
3 concrute types x 3 specimens

Shrinkose (Chapter 3e23ec)t oo bending
stren~th

Froesin: thawin ; resistance (Znopler
3,23d): o Youn nodulus

Thermel conductivity (Chapter 3.2360)
4 concrets types X 3 spocimonc

Water algorption {Chanter 3423f): as
Luddin ; stronght

Speed of Jrying (Chaptor 3623.G): the
specimens of watur absorpiion tosting
can be used

Anount of Furihor iio. . tigations
(Chapter 3e23,)

Comp.cmentary i.v. ot - hions (Chapter 3e21)

a)2 mixin: ecatios x 4 natural sand con-
tent x 3 specimens

b)3 conerctc types x 2 sand contents x 3

spceinens

¢)3 concr:t. typ.s x 2 sand contents x 3

spceinons
A)4 mixin- ratios x 3 specimens

8)4 conpocint methods x 2 sand conto
x 3 specinense
£)4 mixins ratios 2 3 speeinens

7y2 mixin~z ratios x 2 sand contents

X 3 spocinens
h)3 concrite typus x 3 specinns
i)3 conczet. typus x 3 speciiiens
j)the wiove speeimens (i) can be uscd

k)} councrete typee x } curin: methods
X 3 gpeeimens

1)3 concrete types x 6 moments (ceZe

3,7,14,20,90 and 190 days)
swunt of co 11 oontar,
(chapter 342%)

imvestigations

12

specimens
specinens
spuecimens
spceincns
specimens

specimens

x3 specimens

Il

24
18

18
12

24
12

cimens

37

o
[

specimens
specimens

specimens
specimens

specimens
specimens

specimens
spceimens
specimens

gpecimens

specimens

=240

34/ eee
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Type of spcecimense
- for iavestigation of compressive strength,

watur absorption @ 15x30cm cylinders = 37 specimen:
-~ for investigation of bendinz strenzth

Young modulvs, shrirkage 10x10x40 cm

prisms

123 specimcns
-~ for investigotion of thermal conduc-
tivity, cese 25x25xT cm plates

12 snceimens

Anount of specirniins

513 spccimmns

Volunie of conerete to bec madce

in cylinders 373 x 0,0053 = 2,0 w5
in prisms 123 x 0,004 = 0,5 m
in plates 12 x 0,0013 = 0,02 m3

Amount 2,52 m3

Volume of volciniec notoerial froa onc type, takingz in account
the compactin~ fact.r and the losses cories to avout 4 m3
1t can bc seoen that nany specimens are to be made, But
it must e taken into consideration that in the above pros-
ram the minirum research work is given, therefore the

number of spucimens must not be decreascd,

The investigations should be carried out in onc ratej onc
transport of ccment (about 1,2 tons), on. transport of ag-
gregate (about 4 m3) should bc used and production of speci-
mens should be finished in limited time with tho same col-
laborators. The rosults can Lc cvaluated only in this way,
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Tasie 4. Dula of lavestilgalion. for water content efiect
S 9 T A T | . T
Mix g ratio Ii'/:mft&-’ ' ‘LM Cemeal . Water sk wegnl Compressive
Sty et e cmbed [l SO st
. w”::tir " oFMIE" oF fresh concrete (n /md i i’ w M2
1:5:120 6 $5.0 29 | 156 1327 1,5
1554985 25 1600 | 215 L 1332 56
1:5 4,60 18 1620 My st 1322 €3
1:5:17 3o ' 1630 M 359 1343 3,8
1:5:.180 32 1640 219 378 1304 10,8
(5. 495 35 1659 06 403 1288 o
1.5 220 40 1659 o1 443 11"47 g9.2
1:3 :9,80 20 1610 335 269 1438 R
1:3:0,95 25 1680 340 323 {425 19,4
4:3 :1,0% 28 1730 342 356 142 16,6
1: 3 : 4,10 3o 1760 349 383 1447 48,0
4: 0416 3o . 1780 3458 400 1443 19,0
1:3-425 35 . 18oo 344 429 1440 14,5
13040 4o 1800 334 467 4400 18,2 |
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SUVESTIGATION OF POZZOLANIC ACTLVIIY

Latent hydrouiic materials (hydraulités) arc matcrials that
in themsclves possess littlc or no ocementititious valuc

but will, in fincly divided form and in prescence of watcer,
rcact chumically with calcium hydroxide at oridnary tempera -
turecs to form compounds posscssing cemer*$tious vronertics

IN other vcrds, the hardening cnergy is cormant and beconcs
active uncer the influencc of an activator, such as caleciun
hydroxidce cor some other stron:; alkaline conpound, When a
lotent hy raulic material is blended with portland cement o’
water, it bocomes activated by the caleium hydroxide deve--
lope® during the hydration of cemente The sone proccess go-rn
sn when the latent hydraulic material is mixe with calciu
¢.1dc and wat.r,

T ¢ setting on . Tiord onine proccesses, the function of chemi-

¢ 1 and physic:l ;p»> .rtics ar not compliutely known, gonc

rlly th st important fcatures for proimoting the hydrau-
lic a1y ey arc as followss
- she vibreous state of hydraulite, sinecc in this state 4.

chergy contuent of materials is the highest

the lattice structurc of zcecolite which represents the
ziolitic bound of watcer, the ion change and absorption
capcity of materials

the metakaolin decomposition which yiclds hydraulic
activity of heated matcrials (cege ground brick)

th. basic asents which makes formation of caleium sili.-
caiez and 2luminates poszible

th 2cid asgents (active silicic acid) mainly in pozzolsons
hy rat. watcr content (thoush importenc of that is rc.-
c.itly ddiscussed by flfcrent authors).

2/..0
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Due to the rwny influencing factors and roir Jis-ussed et
fects, thc
determined
of mcthods cm be seen in Annox 1 Mol
Chaptcr 4e3e

-t

O]

.tting capacity of the hydrau.irtces coa only Lo
tactly by physical investigati ns_, Th: prine -

(@]

LNVESTIGAT" ( IS
According o Anmnex 2, the matcerials werc = csti mted for
purposc of 1 aking hydrauiic linee The rerut " fiwcncss ol

+

grains grow .t from volcanic materials wou'l. * vo had to .
about 4000 vmz/g in specifie surface, i,c . agimun sroin s
of about 62 yme Because of difficultice :n will s, 1t hes
to be satis’icl with 700 pr in maxamu graia ¢ ze and with
a rut 2000 ‘m2/ﬂ .m cprific suface {(helonsed to chis zrair
Si7€)e

Too volcani: ... rizal: =2re ground in the laboratHry of
Ministry i Jourmwiization, the Tine grains were transpors:
to th¢ In utrial Testing, kcscarch and Doevelopmeit Contro
’he ccment .aboratory of this Centre is well cquunpeds
rixer, storiing table (or rather: shaking vable) and suitall
cuantity -f moulds (4x4®16 cm) arc availablc.

Mixturcs vcee made with nixing ratio of 153:0°7 (binderisand
water), Tr.¢ binder was produccd from ground pozzol.an, hydrat
lime and 1l aster of Paris in differcent ratios, as follows
(rvy part 1 weight):

Scrie 2t (567 Hydrated lime, 0,3 pozzolan 0,03 »nlaster
Scric 28 457 hydratc” lime, Oed pozzolan, ,,03 plaster
Scrie 3:  e17 hydrated limej 065 pczzolan, .03 nlaster
Scric 4t )e37 hydratced lime, Oo¢f pozsolem, ¢ )3 nlastcr

Duc to + ¢ limitcd quantity of ground pozzolci, it had to .
satisfic . with thesc four series instcad of proposcd scrics
in Annex , Chapter 5/B and Annex 2 Chapter 443,

Y

T : weigh :d hydirated linc, pozzolan and gypsum were mixced
h. 1d and sand v~ adde” Lo its The dry mosierials verc mixed
ii. mecharical maizor Zuring 15 s then witl. water ¢ring fursh
45 84 Prcm omc serie with cach pozzolan ; prisms were cor-

pacted “uaking tablee

3/enn
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The f£rcsh specimens were placcd over water, after 7 dayo
taken cut from moulds, wotted and storazed i laboratory
roQrLl,

Signes and compositions of scries can be :ocn in Table 1,

Quantity of matorials used tc the first scries (41, A2, B
anl C) were not cnoun tc threce specimens of full dimensions
thereforc in the Rescarch Center, additionzl finc grains hao
to be sround for making utilization of incrcascd quantity
possiblc,

The bcnding and compressive strength of speecimens were
investigated in 14 days, Thc data can be scen in Table 2
According to the expecricnces, the hydratcd lime - plaster -
poggolan nixturcs harden morc slowly than the cement mortar,
in 14 d2ys, 50 net of 28 days compressive strength can be cx -
ncetedy, Thercfore the deta of Table 2 can e transformed int
20 days =zccordings to Table 3,

Pt —
e R e ————

Hortars canbe produced with diffeég’binders. iy using linc,
thie mortars have compressing strength of G4 {MPa if the
limce cemd ratio comes to 124 or 1:3 with miitturc of lime
znd cement (limegsoement ratio is 13062 or 1:0.%) can bc

medec mortars with conpressive strength of 1-5MPz, If the
binder 4s cemint only (424 ccment: sand ratio), the compres.-
sive strength -7 rnortar comes to 5~10 MPa,

¥or ddsplacin, ccement or for impogving propertics of mortar,
hydraulic limc, iece mixture of hydrated lime anc latent

hydraulic matcrial can be uscd, The goal o»f the investigatio..

carricd out was to determine the latent hydraulic propertics
of thc Syrian volcanic matcrialse The results of investi-
gations are summarized in Fige. 1e
According to this Pigurc, mortars produccd with lime and
cround volcanic matcrial from Racca have conpressive stronsi
of about § MPa,

4/..0
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If thc hydraulic is from Shahba, compressive strength of
moxtars will be about 4 MP2 and hydraulit wadc from Hassak..
aaterial, compressive strength of about 3MPa can be expacd '
In the Hungarian Standard, the hydraulitcs arc classified

into five groups according to the compressive strength in
28 days:

Group I I1II IITr Iv V
Compr,e sitrength af least
(in MD) 10 7 4 245 145

The method of investigatinns preseribed in the Hungarian
Standard is similar ( toush not the same) . in the casc of
the investicsations roported, therefore the a’ove data can Lo
employ-d for cvaluation, Conscquently, thc voleanic materials
investizgoted can be clagsificd as follows:

Matgipal from Raecca I1I s~roup
Material from Sichba IV aroup
Moterial from Hoasake V. group

It has to be nentionc” that the speecific surface of the
aterial used to thesc investizations did not satisfy the
requirononts (it was about 2000 cm2/g instcad of about 4000
cmz/g) conscquently the results are informatory onlye

Not withstanding that the investigations have somc uncerteinis;

beeause of the lower specific surface, it can Lo stated,
that using the sround volcanic materials investizated for
making hydraulic lime is very promising,

Thercfrre detailced investisations of every Syrian volcanic
material can bo rocommendcd,
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ANNEX ¢,
DEMCONSTRATIVE ELEMENTS

Design of mowld for making aemonstrative eiements can be seen wun

Fiyores (4) and (2).

Tne first element was made on 20 Octover witnh volcanic cinder of
Shanca. The (ngredienls cof concrete were mixed by hand .n fwo
patches.  Huantities of ingredients :

1. batch : ' 2. batch:
cement 55 kg 38,5 kg
cggregate of Shahba 103 kg 72,1 Kg
sand (0-1mm) 28 kg 19,6 kg
waler __ 28 K 136 kg

214 «xj 1438 Kk

The material was exactly enougn for the element of (155’:90:20) -
- 10500 - 259500 cm® = 0,26 m® (n volume. Unit weght of the

est : =4
Fresh cencrele 214 + 149 & | 1400 *9/m?

0, 26

Composition of  concrele : cemerd 360 %9/m3
agyregale of Snaroa 674 -
sand (0-1 mm) 183 -*-
water 183 -*-
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