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Explanatory Notes

Value of the local currency during the period of the project 
was : 5»"0 Syrian Pounds for A. US Dollar
Throught the report the following abbreviations are used;
G#0#C. ; for General Organisation for Cement and Building-

Mate rials Industry, Government Implementing 
Agency in the Project

L#M.C* ; for laboratory of Piinistry of Communication
I#T»R, ; for Industrial Testing, Research and Development

Centre»

ABSTRACT
Title of the project, Assistance to the development of the 
Construction and Building Industry
Number of the Project: DP/3YR/0o/OOl/l1-03/32#1.K
Purpcoc of the project: Evaluation of the possibilities of using 
volcanic materials in th„ building industry for
- production of pozzolmic (blended) cement
- product! n of hydraulic lime

production of lightweight aggregate concretes#
Objective of the mission; carrying out investigations with 
poz?olanic materials (details in Annex 1)#
Duration of the mission: 2 August - 31 October 1901 (in 
Damascus: 5 August - 20 October I90l)«
Main conclusions and recommendations: It can definitely be 
stated, that many volcanic materials are available in the 
Syrian Aral Reppblic to produce blended cement, hydraulic 
lime and lightweight aggregate concretes, but their qualities 
arc not thcrou/dily investigated.
Expert began to investigate the materials suitable for hydrau
lic lime tuid lightweight aggregate concrete and to train a 
few collaborators in G«0#C#, L,M,0, and IjjT#R. but these in
vestigations were only the first steps to clear the dmost 
important properties of the materials (details in Annex 2,3&4-)>
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Expert sketched t \ . detailed, program of the investigations 
(Annex !■)» Accor Jin r t' this work schedule, the research work 
can last about sic inutus for a single type of the aggregates* 
Expert recomrar. . 1 thr. e alternatives for the performance:
• > The rosearch work con bo ordered from a foreign Research 

Institute Will equipped and possessing experiences in the 
field of vole anic materials:

b) One collaborator ox G*0.C, can be sent to foreign fellow- 
shj.p for training of duration of six months ana this colla
borator wilL continue the investigations begun:

c) The project :an bo extended v,lth duration of one year and on 
UNIDO expert shall be selected for the post, the goal of 
which to carry out the invest: actions according to Annex 4.

K
Nevertheless, tn . investigations can start in Damascus only 

y after equippin ;.T*R, with suitable instruments, machines, etc 
for carrying oi t concrete research work*

-  2 ~
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I Njr R 0 D U C I I J3_N

Abundant raw motcriais for various building materials in- 
> dustrios exist in many parts of the Syrian Arab '-.public«

Except for the existing cement works and their extensions un'
* execution, the other building materials industries are not ade

quately developed so far. The production of line, gypsum, plee . 
and prefabricated buildin.~ clocks are known on a snail scale, 
dispersed raanufactu.i ig r.c-sses, whereby th.. quantities and 
qualities are not .a --„..aie.. d cn economic industrial standards* 
There is an ir dention to introduce some of the most important 
building rate ials industries, with ambition targets involving 
wide dispersal of these industries over the widest possible 
areas all over the country, talcing into consideration that Ion : 
transportation of most buildin : materials is not in favour of 
constructional economics,

^ This situation created the need for technical assisstance for
the development of new building 'materials industries accordin'-

„ to priorities imposed by raw material resources and long term,
requirements dor building materials,,
More reports wore prepared in the last few yea: s (enumerated 
in Annex 1, Chapter 4)* Three of them are important in the re
lation to the so pic of this report: made by Hr, Bozanrvic (1970} 
by Mr, flrijic (in 1930) and. by Mr, Kepinsky (in )3l).
Hr, bozanovic suggested to establish research ‘ laboratory for 
investigation of every building material, including concrete,
Mr, Prijic performed investi ratinns for making blended cement 
with . mound volcanic : aterials, Mr, Kepinski worked out the 
industrialization : usihilitics of concrete products.
These reports made unnecessary for the expert to deal with 
blended com-, it as well as with préfabrication, of concrete units 
in "encrai, this work, therefore, could be limited to the pro
blems of hydraulic line and of lightweight aggregate concrete«
The assisstance was requested from the Syrian Government on 
August 19Û1 and approved by the UNDP, The expert was selected 1 
the post on 10 March 19C1, the project -was be ¿gun on 2 du-gust 
1'>3l and lasted to 31 October 1901 ̂

1 /  • • •
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The c -operating a geney (Government Inplenenting Agency) was 
the General Organization for 0ament and Building Materials 
Industry,
The total contribution of UNDP, according to the Project Documrv; 
corns to 133600 US Dollars and the UNDP's contribution to the 
riission reported was 14 400 US Dollars,
The original objectives of this mission, according to the Project 
Document .and Job Description w^ru;
- the geological surveying of volcanic materials deposits,
- assessment of available data already rovccfLcd, conductin'' th_ 

n^rformance of further physical and chemical investigations,
pos.al for further research work,

- proposal for quarrying and industrial processes and rational 
application for the nat.rin.als,

- evaluation of binding properties for pozzolanic materials,
- special study devoted to porous pozzolans for lightweight 

aggro gate o o nc re t c s,
- study of possibilities for application of pozzolanic materials 

for the production n’ precast concrete dlemcnts and
- p 'actical cenonstration of possibilities for the utilization 

o ' coloured pozzolans in concrete work for plastering facad..o
These objectives were revised at the first discussions with the 
Government I; plcmeiiting Agency (G,0,C#), The reason of revisin'.- 
are as follows:
a) The Syrian Government gives priority to further research won': 

for testing volcanic materials derived from different regie:..
b) The Syrian Government is keenly interested in development 

prefabricated concrete, therefore it gives priority to the 
lightv'.might aggregate concretes in the further research work,

c) The Syrian Government is also interested in making hydraulic 
lime with pozzolanic materials for rendering mortars on sur • 
faces of inner and outer wall",

d) The Syrian Government is presently not interested in produc
tion of blended cement, rath." it considers the investigation 
up till now to be sufficient.

8 / • •  •
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According to the above, the mission was primarily concentrated 
for the investigation of producing lightweight aggregate con
cretes and hydraulic lime.
The results of these investigations are reported in Annex 3 & 5* 
There wore no formal training arrangements, but on the job 
training took place in L«M*C, (with participation of one goo- 
logist from G,0,C., furthermore one geologist and one technician 
from L.M.C.) in the field of lightweight aggregate c >ncrete in- 
vesti ;ations and later in I»T.R, (with participation of one 
geologist from Gr#0.C* as well as one technician and one laborant 
from I.T,R.) in the field of pozzolanic activity investigations.
The positive result of this on the job training was that the 
adviser could introduce tin counterpart in problems and methods 
of investigation. This training was not; however, fully efficient 
because the available equipments, instruments did not make th^ 
exact research work possible (in the L.M.C. there are no crushed 
scree cr, mixer rid ' impacting machine) and the progress of th- 
research work was v.ry slow owing to the insufficient moulds 
(only eight cylin ' s n r  . available). It was impossible to ensue 
the required ec curacy in goading, mixture, mixing and compactin
Noverthcl . s, th., results of the investigations make the eva
luation possible and the advisor, being supported by his ex
periences of more decades, can assume the scientific responsi
bility for his presumptions.

R_E G 0 IlJl=g_N_D_A T 1 _0_N S

1,- The investigated volcanic materials are suitable for making: 
lightweight aggregate concretes of different quclities, ther 
fore th..ir quarrying and utilizing in the ouilding industry 
can la. lak.n in account. Methods of quarrying can. be estab
lished y controlling the uniformity of the rock quality in 
all the volcanic deposits, whose locations arc suitable for 
quarryi ig (water, electricity and road are available).
Primarily the materials of each deposit should be classified 
.y ocular estimate according to their colour, density, 
s ’rface structure, - u.nularity, etc, and f-vom each class of 
r. ¡.torial. sai...b of few kgs (5-10 kgs) should be taken.

>/ * «•
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The samples should bo investigated in laboratory (specific 
gravity, ur: t weight and crushability of the rock, further 
more the hie k density and strength of particles from the 
crushed mat. rial). For crushing, jaw crusher in laboratory 
scale is advisable.

* The uniformty of material i n  one deposit can be evaluated
by mathematical statistical analysis. If the standard deviati 
of above prcpertics (that of the bulk density and strength 
primarily' Less than 20 pet (variation coefficient), selec
tive quarrying is not necessary. If the standard deviation 
is more td:. a 20 pet, material of suitable uniformity for 
producing . ightweight aggregate concrete can be obtained by 
selective < uarrying only.

2. - Because o T the satisfactory properties of the tested mater
ials, it can be recommended to continue the investigations 
'’.so with materials f the other volcanic territories which 
ce near to th- . ost important districts signed for develop-%
;nt. The nat of other deposits shall be classified

j  according ab
3. - After ha- ..ng classified materials of deposits in Shahba,

Racca anc rlassake, from the different groups of quality 
samples -.tout 5-5m^ in volume should be taken for detailed, 
laboratory investigations (see Annex 4, Chapter 3*22, 3.23 
and 3.24/. The rock should be crushed, the crusher employee, 
depends n  the results of crushability*s investigations; 
if the fine grains quantity was less than 30 pet after 
crushing in jaw crusher of laboratory scale, for crushing 
rock, harjnor or giratory crusher can be employed. If the 
fine grams quantity was equal to about 30 pet, jaw crusher 
can be ned to produce aggregate. If the fine grains quan
tity wr.j higher than 30 pet in the laboratory crusher, 
roller can be suggested for eruehing big sample.

4. - It car bu recommended to carry out the investigations in
Damascus at l.T.R. For the time being, I.T.R, is not equip
ped for concrete research work, the Syrian Arab Republic, 
owover, is not to be dispensed with suitable laboratory for 
.nvestigatin ir.-er. - ’ ilding material.

1 0 / ..  •
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The neccssur y instruments, machines, etc*, arc detailed in 
the Report (f Hr, Bozanovic, hut the laboratory has to be 
completed. •.-ith jaw crusher in laboratory scale, instruments 
for invest]., ating aggregato strength, creep of concrete, 
moulds of i: fferont sizesj etc.
When the 1 i orotary for concrete research work is equipped th~ 
investigatLms can only be started and carried out either by 
Gyrian coll iborators or by UNIDO adviser.
If the utilLZ-.-tion of volcanic materials is urgent for the 
Syrian buildin - industry, foreign research institute can bo 
c mmissionc1 to carry out the necessary investigations,

5,- If the in ;ti, -ations will be carried out by Syrian collabo
rators, t Inin < is needed in a foreirii Research Institute 
which has . xperionees in lightweight aggregate concrete.
For this I'- reign fellowship, duration of six months can bo 
recommend: c ,

•> 6,- If the inv. stigations will bo carried out by UNIDO adviser,
preparation of job description can be recommended. The job 

* description has to contain the requirements for investigations
both o f  m < k uniformity and technology. For this job, dura
tion of tv lve monuhs can b~ taken in account.

7„~ If the in/ stigations /.111 be carried our by foreign I nr ti tut., 
pr^parati r r of calling t.ndcr can be suggested. The calling 
tender can be recommend., d to send out primarily to research 
institute f in Europe (Bulgar. , Denmark, lb: band, G#D,R«, 
U.F.R., '].:ece, Hungary, Poland and U,d,S,R. have research 
institute having experiences in lightweight aggregate 
c ̂ ncrotes),

0,- d .c invostigah .ra4-.: rial3 can be utilized, in all likeli- 
} od, as Coll:'.vs:
- mat. rio.l .r shah e. Is suitable to make thermal insu

la : .g an 1 load bearing (i,e, intermediate) concrete .
It :an be expected unit weight of 100-1400 kg/m? and 
compressive strength up to 10 MPa,

1 1 / * . .
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For naki:i aggregate, crushing is not necessary. The 
grading ) the original material is not satisfactory, 
therefore it has to be completed with natural fine sand 
(0-1mm) i the required strength is more than 5 MPa.

- TIaterials of Tb'osako and Racca are suitable to make load 
bearing e >r.cr t.s with compressive strength up to 25 MPa 
and with ’nit weight up to 1900 kg/m^ (dry unit weight).
For sird ; aggregate of suitable grading, using jaw crusher 
or r will be probably necessary.
In the Syrian Arab Republic making concrete walls is in 
general v 30 but it dissatisfies the codfoi’t„-conditions, 
the tom rature sensation in the rooms :s disagreablt owing 
to the t v Ld walls in +ho cooler seasons. Therefore it can 
highly be recomended to displace ordinary concrete walls 
by light, eight concrete ones.
For tech: ology of production of lightwoi^it concrete walls, 
the fol . ving motiods can be recommended:
- ma :: lg masonry units (sizes e.g, 30::20x20cm) in machines 

vhv i compact the concrete by vibrating under pres--
su ' of 0,1-1 N/nim (so called: vibropr’ess), These 
mad :.nes are available together with cement and aggn..- 
ga; silos, with balance for dosage, with mixer and 
wii transportation facilities for the fresh masonry 
uni. s,

- mac.n- e . • lento of medium or big sizes (c,g, 150x90x 
20 ;m or ib0:h0::20 cm) in moulds equipped with outer 
vibrators which compact the concrete only by vibrating 
r after compacting, b.ie moulds can be taken of from : 
o fresh concrete. The fresh concrete has enou^i
c ii esivity to take a firm stand. These vibrating 
m n Ids can be avajjityblo together with silos, balance 
nicer and transportation facilities,

9,- For making t /draulic lime, primarily the materials of Racca and 
Shahba can ■ e recommended, the material of Hassake, however, 
has also h;- .raulic activity. The raw material must be ground 
to minimum >000 cm /g in specific surface and mixed with hydra
ted lime r f about 40 pet by weight and with plaster (of Paris) 
of 3 pot 1; weight, 12/,,,
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The binders are suitable for making rendering ancl plastering 
mortar*

1*- The materials investigated can be employe ', in the Syrian 
building industry in a suitable and economic way only, if 
the Code Practice of their utilization to li iitwei^it, con
crete and rendering mortar are prepared*
The preparing Code Practi o, detailed investigations arc 
recommended according to idle Recommendation 4*

13/# • •
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The work performed by the UNIDO advisor is summarized as
follows:
- the preliminary information, discussion and time table of 

the adviser activity are reviewed in Annex 1
- the programme of the investigations is outlined in Annex 2*
- the investigations of volcanic materials for making light 

"/eight aggregate concretes can be found in Annex 3»
- The most important information about lightweight aggregate 

concretes are summarized in Annex 4
- the investigations of the pozzolanic activity arc shown 

in Annex 5m



WORK SCHEDULE OP "UNIDO" EXPERT

POST KEY CODE: DP/5YR/80/00l/0n-0Vl2«1 K 

U -  INTRODUCTION
Abundant raw materials for various building materials in
dustries exist in many parts of the Syrian Arab Republic* 
Except for the existing cement works, the other building 
materials industries are not adequately developed so far* 
There is an intention to introduce some of the most importai 
building materials industries througit the Five Year Nat
ional Development rims with wide dispersal of these in
dustries over the wichct possible areas all over the country«,
It was t. erefore decided by the Government to request UNIDO/ 
UNDP teclinical assistance to establish comprehensive studies 
within the scope of a building materials project, as a pre
liminary stage* Results of these studies were lead to the 
formulation 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 comprising
a) A full survey for volcanic cinders with pozzolanic acti

vity and clearly classified according to their techno
logical characteristics*

b) Assessment of available data for physical and chemical 
properties for pozzolans* conducting the performance of 
further physical ai.d chemical investigations and pro
posal for research work*

c) Proposal of suit . le scope of utilization for various 
types* drawing up of appropriate quarrying procedures, 
transport facilities, industrial processes and rational 
application*

d) Evaluation of the binding properties for pozzolanic 
materials with hydraulic activités and a study of the 
technical and economical consequences for the production?

cr
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e) Special study devoted to pozzolans as aggregate of li$it 
weight concretes«

f) Study of the possibilities for making precast concrete 
elements with pozzolan aggregate«

g) Practical demonstration of possibilities fcr the uti
lization of colour¿d pozzolans in concrete for plastering 
facades«

The expei 'z is also expected to prepare a final report set
ting out the findings of his mission and his recommandations 
to the Government on further action which might be taken»

2«- POZZOLANS:
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 concrete structures* Parts of such structures 
still stend today« One of their quarries was near the town 
Pozzuoli, 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, trusses, diatomaceous earths, opaline cherts and 
some shales, these form pozzolans class N according to 
ASTM C 618-7-»
Many countries have ^.tablished specifications for chemical 
and phy: ical properties of pozzolans* The chemical require
ments v. v.ally call for a minimum 70-7595 of the pozzolan 
to be composed of SiOg + AlgO^ + PegO^# Unfortunately, the 
latent nydraulic ability of a pozzolan depends primarily 
on its reactive, or soluble, silica, alumina and iron oxide 
contents, these are not identical not even proportional to 
the totsl silica, alumina, and iron oxide contents« The 
siliceous ingredient is in an amorphous state in a good 
pozzolin« Crystalline siliceous materials, such as quartz, 
combine vdth lime very slowly, except under curing at high 
temperatures«

3/•••
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Also calcination# that is, heat treatment, or chemical 
treatments may increase the reactivity of many latent 
hydraulic materials but not all of them*
There have been several chemical and physical methods recom
mended for the determination of the amounts of reactive in
gredients in pozzolans, that is, for the prediction how a 
pozzolanic material will behave in a mortar or concrete, 
but none of then is completely satisfactory yet*
Two methods .re specified by ASTtl for the estimation of 
pozzolanic astivit;:
1) With portland cement by making sand mortar cubes where 

35£, by absolute volume, of the cement is replaced by 
pozzolan and the obtained compressive strengths are com
pared to the compressive strengths of comparable control 
cubes made with lOOjt portland cement*

2) With lime by making 0 5 x 10 cm (2*4 in) mortar cylinders 
that contain 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 the lime# After a special curing of 7 days the com
pressive strength of these sylinders should be at least 
5,5 MPa#

According 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 hydrated lime, 0,45 part poz
zolan, 0,03 part gypsum and 3 part of standard sand# Gypsum 
(plaster of laris) is added to accelerate setting#
Latent hydraulic materials can be used to make cementitious 
materials in the form 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 mineral admixtures#
The justification for using latent hydraulic materials can 
be economical ant^or technical#

4/**.
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It may provide the possibility of reducing cost by saving 
in the an nint of cement used; a concrete containing such a 
material, if properly and economically proportioned, will 
usually include a smaller amount of portland cement than 
would otherwise he required* Therefore these materials may 
be used as "replacements" or " substitutes" ( in German: 
Ersatz) for part oa the portland cement, Since the gravity 
of most of pozzola. is about 2,5 ^cm^ and that of the 
Portland ccnent is about 3,15 s/cn^  t the absolute volume of 
a replacement by weight will be 20-25$ greater than that of 
the cement which is replaced.
The technical advantages of using latent hydraulic materials 
are usua.ly more important than the economic reasons.
They may serve in the fresh concrete as correctives for 
mixtures deficient in fine materials# If such a deficiency 
exists, which is typical for lean concretes, then the pro
per use of a mineral admixture improves the workability, and 
reduces the tendency for segregation and bleeding* If, how
ever, tii2 concrete does contain an adequate amount of fines, 
which is typical for rich concretes, then the addition of 
a mineral admixture, as a rule, increases the water require
ment, or impairs the workability.
Strengtl s of a concrete with pozzolanic materials are 
typically lower at early ages, and hi/̂ it— ■ at later ages, 
than are obtained -with portland cement alone# Simultaneously, 
the temperature rise is decreased, resulting from heat of 
hydration of the c .it# The setting times are also in
creased by the aduiii.r of pozzolanic materials, although 
the val i s are usually still within the normal specification

Use of pozzolanic material with other than sulfate - resis
ting p irtland cements generally increases resistance of the 
concrete to agressive attac’ of sea water, sulfate solut
ions aad natural acide waters# Improved impermeability of 
the concrete frequently accompanies the use of pozzolan, 
especially in lean mixtures# In general, the creep of con
crete .s well as the drying shrinkage are greater when poz- 
zola, are used than when they are not.

limit3,
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Considering all these, the chief use of latent hydraulic 
materials is in mass concrete, harbor works, ewers, in 
hot climat, and when chemical reasons justify it#

3#- LIGHTV/EIC-HT ̂ .GGRE^ATES
The primary factor controlling the unit weight of a con
crete is the average specific gravity of its aggregate#
This is the reason that lightweight aggregates are important-
There are two main advantages of lightweight concretes:
Lower unit w -if̂ it and lower thermal conductivity#
Structural lifhtwei It aggregate concretes usually have a 
compressive strength in excess of i5KPa and an air-dry unit 
weight '-’h exceeding 1900 \cr/n^ at the age of 20 days# In
sula! in concrete have much lower unit weights not exceedin 
800 kj/rr, with strengths between 0,1-5 MPa# Between these 
two typoi can be found the load-bearing and insulating 
lightwei h-t concrete#
The only way to reduce the bulk specific gravity of an ag
gregate is by the inclusion of air into the particles# 
Sometimes this is done by the action of nature, resulting in 
natural lightweight aggregates, such as pumice# A magni
ficent example for the application of this kind of lightweight 
aggregate i3 the 43m diameter dome of the Pantheon in Rome 
(Italy) built in the second centry AD*
Most of natural lightweight aggregates - pumices, tuffs, 
volcanic cinder etc#, is strong enough to produce a good 
lightweight concrete for structural purposes, such as rein
forced roof end floor slabs, highway pavements, walls and 
panels, prim rily in the precast industry#
To determine suita’ ulity of a lightweight aggregate for con
creting, not only properties of aggregate, but its behaviour 
in concrete mixtures must be investigated. It is well advise.' 
to me-: mixtures of different mixing ratio and to make sped. -
mens o different compaction# Having tested the specimens, 
the relationship between unit wi : ts and compressive strength 
as well as composition and compacting method of the light- 
wiifht aggregate concrete can be proved, vdiich is the basis 
of effective making concretes of good quality#

6/.,.
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4.- PRKT.TT.itNARY INFORMATIONS
The General Organization for Cement (S.A.R.) has made 
availatle far expert the following reports:
1) Terminal Report on Assistance to Development of Building 

Materials.
SI/SYP/76/301, by Hr. A. B0ZAN0VIC, 20 Oct. 1978.
2) Technical Report on Production of Gypsum Prefabricated 

Components. Feasibility Study for Gypsum Project.
TS/SYIV 76/002, by Mr. Y.A. HUSSEIN, May 1978.

3) Technical Report on Calcium Silicate Bricks Industry 
TS/SYR/7o/OG2, by Mr. Y.A. HUSSEIN, June 1978

4) Report on Establishment of Lime Industry in Syria 
(Kama -and Adra).
DP/SYR/30/011--01/32.1K, by Mr. M.V. OREL, April 1901.

5) Report on the Possibility of Use New Building Material 
in S.A.R.
DP/SYP/S0/001/11-01/32.1 K by Mr. M.V. OREL, May 19O1

6) Technical Report: Feasibility study for the Industria
lization of Concrete Products.
D0/3YR/80/OQl/1 1-02/32.1K, by Mr. J.G, KEPIN3KI, June 1981-,

The most important results and reeommandations of these 
reports are as follows:
The Syrian Arab iiepublic has considerable potential for the 
balanced development of rural areas owing to the even dis- 
tributior of natural resources in one form or another 
throughoi t the country. Rural development v/ould be designed 
to disc01 .rage the exodus of labour from the land to the 
urban centers and to keep skilled workers in rural areas so 
that both industrial and agricultural development can bene
fit from their presence.
According to Report of Mr. Bozanovic (1 ) there are two re
gions known t h a v e  volcanic cinder near to Damascus:

7 / . . .
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Shahba region ana Adra region# In this report some test 
results can bo found# The main reason for investigation 
of volcanic; materials from the Adra region was to determine 
whether th :se materials have the necessary characteris
tics for us; as pozzolanic materials and li^itweight ag
gregate.
Unfortunate .y, this region has no water and it is appr# 25 
Kms far from Adra without any road, therefore this terri
tory is net suitable to open a quarry# The result of inves
tigations arc presented only for information#
The pozzolcnic activity was investigated by making speci
mens from !ime, sand, ground pozzolan and water, but the 
report do■;£ not contain mixing ratios and curing method.
The compressive and bending strengths after 7 days were as 
follows:

.ghtweigho cone etc specimens were also made for testing 
the pozzoliins ' ,.rc ta’:on out from deposits of A ra region# 
The results of th ;se investigations can oe found in Pig# 1»
Report oi Hr, Kepinski (6) deals with the industrialization 
of concrete products in the Syrian Arab Republic# This re
port outlines the methods and levels of construction# It 
states tVat concreting in site reached high level and good 
quality, !ut in Syria any greater, state plant of prefabri
cating cencreto does not until now exist# Little work shops 
v/ith sea;onal work produce some of kind of prefabricated 
concrete units, thjy are, however, expensive, therefore the 
building narket is not too much interested in development 
of prefr. trication#
For the Tyrian Arab Republic, both from economical and tech
nical r;'.sons, development of préfabrication of concrete is 
import:, l

Compressive strength in MPa 
f-'nding siren .th in i.IPa

Sample 1 Sample Z Sample 3
10.3 3.6 6#9
3.3 1.9 2.1

8/...



Mr. Kopinskx suggests in his repart, amonm others, to 
develop pr> fabrication of lightweight aggregate concrete 
for making r.asonry units (hollow blocks), floor hollow 
blocks, wall olemon+s (load bearing and partition walls), 
first in A i ’a region, after in Bera, Sweda and Regga 
regions, because of availability of volcanic materials in 
these territories*
T'e other four reports have no data about the volcanic 

terials and th.ir utilization*
Having studied these reports, the expert discussed his 
findings with hr* H*HS Nabulsi, At this fruitful discussion, 
it tureen ut that,
a) Th.re ere more regions in Syria having volcanic cinders 

and tuffs: Shahba, Adra, Regga and Haskeri regions* 
Shahba and Adra are near to Damascus, the others are 
situated in north part of the country. The results of 
the investigations carried out until now have promised 
the possibility of their utilization, they arc, however, 
not sufficient* Therefore the Syrian Government gives 
priority to further research work for testing volcanic 
materi: Is derived from different region::;

b) The Sy.inn Arab Republic is keenly interested in deve
lopment of prefabricated concrete for the purposes sug
gested 1y Mr. Kepinski. Therefore the Syrian counterpart 
gives piiority to the lightweight aggregate concretes in 
the f u h e r  research work and pilot plant tests

c) The Syrian Arab Republic is also interested in making 
hydraulic li;.; with pozzolanic materials, but the results 
got until n v .re not considered satisfactory.
Therefore th Syrian counterpart suggests to enlarge the 
investigations on this field;

d) The 3; : ian Arab Republic is presently not interested in 
produ :ion of blended cement with pozzolanic materials* 
There:’ire preparing feasibility study for this purpose 
is not necessary*

-  ,8' -
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The expert prepared his program taking into consideration 
the above#

5,- PROGRAMME OF TTTK "XPERT ACTIVITY
On the basis o:? noon.. data and preliminary discussion with 
Mr# H#H# Nabul i frc i General Organization for Cement, the 
following activities of expert are necessary.
a) For producing l..ghtweirght aggregate concrete, the avai

lable data arc very promising but not sufficient#
Because of this fact, further investigations should be 
carried out with samples taken from different deposits# 
The ma:.n goal of the research work is to determine the 
features of the volcanic materials and methods of tech
nology for making lightweight concretes#
On the basis of litterature and the earlier research 
work od the expert, relationshop among mixing ratioH, 
concrete: compositions, compacting methods, unit weights 
and compressive strengths of concretes should be deter
mined aceordin • to Fig* 2-,
In ord /r to roach this goal, investigations should be 
carried out in laboratory as follows:
- determini ig c! a- o.eteristics of the raw materials (bulk- 

density, eh mi cal c raposition, grading, water absor
ption in C,_ and | hours, specific gravity, strength)

- determini- / elm. beristics of the fresh concrete 
mix+vres p; . pee to. oi^ity, plasticity, segregation)

- dot :-mining characteristics of the concrete techno
logy' (mixing- dime, drying of mixture, compaction)

- determining characterisitcs of hardened concrete (unit 
weight, compressive strength, thermal conductivity)#

Lightweight aggregate concrete mixtures should be made with 
different mixing ratios and compacting methods#
Example of those investigations:

10 / o • •
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- Mixing r it-ee by nikht:
cement 1 1 1
volcanic maternal 8 6 5
natural sand - - -
water 1*4 1*1 0*95 0*8 0.66 0.64 1*0 1*05 1*1

— from th,3e above mixtures of different mixing ratios 
9-9 spec-mens should be made; 3-3 specimens without any 
compaction, 3-3 specimens compacted slightly, 3-3 speci
mens compacted storngly, curing: in the first seven days 
in wet climate, after in laboratory room. Testing compres
sive s'! 2 ength in 2o days.

During th expert activity only a few samples can be in
vestigate The other samples will bo tested by the Syrian 
counterpa-f , utilizing 'he experiences of the training.
B) For prxucin ; hydraulic lane with pozzolans, the avai-

" lable aata are promising but not sufficient, because of
this fact, further investigations should be carried out 
with suipl taken from different deposits* This re
search woi. ill 1 e. lead by the expert and it also serves 
for train-n .yrgccs* The main goal of these investi 
rations ir to dot :." 'ne the pozzolanic activity of dif
ferent'! ••ole:.nic materials«
The r. : .arch work should be based on the ASTM standards, 
but it is advisable to use lime+gypsum instead of lime 
alone, For tin better evaluation, the mixing ratios will 
bo notified.
Examp] v. for mixing ratios (part by weight):
Hydraiud I/imo Gypsum Pozzolan Sand
Of 67 0.03 0.30 3
0.57 0.03 0.40 3
0.47 0.03 0.50 3
0.37 0.03 0.60 3
0.27 0.03 0.70 3
0.67 0.03 0.30 5
0,57 0.03 0.40 5
0*47 0.03 0.50 5
0.37 0.03 0.60 5
0.27 0.03 0.70 5

1 1 / . * .
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Prom those above mixtures 6-6 specimens should be made 
(Advisable:4x4x16cm prisms) for testing them in 7 and 28 
clays (compressive and bondin'' strength),
Curing* until 7 days in wet climate, after in laboratory 
room*
With the best mixtures, rendering mortar will bo made for 
testing of mortar's sticking to different surfaces (e,.g 
to ordinary co:.: .’ot<-, t > lightweight concrete).
Having had t i ro;*-',hts, the suitable utilization of poz- 
zolans in hyd.v: ulio li: .j can ..o determined,
Durln * the expert activity, only a few samples can be in
vestigated, The other samples will be tested by the Syrian 
counterpart, utilizing the experiences of training,

C - On th^ basis of I ightweight aggregate concrete investi
gations, concrete units should be made for wall construction.
In general, the concrete wall constructions can be made 
'with elements of different sizes:
- masonry-units (generally with hollows, see Pig, 3)
- wall blocks of medium size (Fig, 4)
- wall clocks of largb size (Fig, 4)
- panels (Pi :. 5)
In the Syrian Arab Republic the elements according o 
Figures 3 and 4 aim suitable.
For making demonstrative wall construction, at least four 
wall-blocks will be moulded. Prom these blocks, a wall 
section can b, bvilt according to Pig, 6,
The surface of is '',.11 construction can be used for making 
rendering more of y^raulic line.
During production, thu position of masonry units and wall 
block:' is verticel in the latter case, the concrete is cast 
in steel mould supplied with outer vibrators, after vibra
tion the franc will be undamped and immediately lifted up 
from the concrete. For demonstrative purposes the blocks will 
be cast in horizontal position, because in this way the 
completion of the frame is easier.

12/, , ,
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D ■» On the basis of investigations' results, the expert will 
prepare Technical Report for using pozzolans as hydraulic 
lime and for using volcanic materials as li^tweight 
aggregates.

6• - TIME TABLE OF EXPERT'S ACTIVITY
Tine schedule cf the expert's activity can be seen on page
13

7.- APPROVAL
After studying this work schedule and discussing it with 
the expert, the General Organization for Cement in the Syrian 
Arab Rej blic as the Government implementing Agency of the 
Project, approver; the programme without any modification 
since it satisfies the demands of the Syrian counterpart 
The General Organization for Cement gives any assistance 
necessary to the expert activity.

13/
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A N II E X  No, 2

PT.AN OF LTGHT»7EIGHT AGGREGATE CONCRETE INVESTIGATIONS

1—  INTRODUCTION
The lightweight aggregate concretes - according to the 
RILEM specifications (RILEM-Réunion Internationale des 
Laboratoires sur les Essais des Matériaux et des Construc
tions) - can be divided into three groups*

C R O U P S Air-dry Compressive Thermal
unit v.vight strength conductivity
in K g/m2 in IIP a in W/raK

Thermal iugulatili : con
crete (IC' <800
Load-bearmg and thermal 
insulatin ■ concrete (LIC) <1600
Load hearing cenerete(LC) <1900 
Note? According to thè ISO Standard:

> Or i <o*3o

6-15 ^0*80
> 15 —

1 MPa rt 10 Kp/cm^
1 W/iriK = 1*163 Kcal/mh.0 C

The characteri' i . ics of lie lightweight aggregate concrete 
depend both on +v, -t I the aggregate and on the concrete 
technology* T‘. A.i.'ir : .:-king 15.ghtwoi.gJit aggregate concretes 
of good «••ality ì u ;ands th ; kro. ledge of aggregata proper
ties :ic, of suitable concreting methods*

2,- PROPERTIES OF LIGHTWEIGHT AGGREGATES
The most important properties of lightweight aggregates are: 
specific gravity, unit weight, bulk density, grading, 
strength and water absorption* One part of these properties 
influcnc.. the unit weight and compressive strength of harde
ned concrete, the oSher part influence the concreto tech
nology*
Bulk den lity and strength of i  , htweight -gre gates depends
on each >th„r, for different aggregates th: 3 relationship is, 
however, not the son . 'accordin' to Pig* 1»

2 /*«  •
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For testing bulk-density (SAB), pot of 1 dm^ in Vol*
- id oven dr-' u- Tegat- have to bo used# Bulk density can 
1 - tested for loose _iu for sli^itly compacted (shaken) 
aggregate:

:,.vr, “ -'A - °P
Vp

where. ^ia = 'v̂ i~nt of Pot full with aggregate, g 
Mp = weight of pot, g 
Vp = volume of pot, cm^

The charcv: 1 eristical bulk density of aggregate is that of 
the aggro pate of 4-16 (or 4-12) mm in grain size#

No-e: According to ISO Standard, the grain size
(sieve mesh) has to be interpreted on sieves 
quadratic aperture.

Having ha L specific gravity, unit weight and bulk density 
of light'.’.-tit aggregate, pore content of aggregate can be 
calculate 1;
Pore cont ;i t of Trains: P., = -------- 100 cf° in Vol#

u SA
Pore cont a t of aggregate heap (with given grading):

PA = §£-=-§£§ 100 <fo in Vol,
SA

I re content .. ; groins
?AB = PA ” <7° i n  Vol#

For interp?cto';xon o. pores in lightweig 1 aggregates is 
shown r ip# 2
The d-.fi rent properties of aggregate can be investigated 
as follov r:
Specific Gravity (SA) can be investigated by common chemi-Mcal moth»'Is: SA = A

where: !. = weight of oven dry aggregate in ga o
7̂  = solid volume of aggro,gate in cm

For invi £ti^ating Unit Weight (SAU) coarser grains are 
needed# If the Tains have mo:-, big hole::- n their surfaces, 
paraffi i coating has to be used. If the gi' »in surfaces are 
plain, insuring with wafer saturation is advisable:

SAU MAU
GV

3/
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1

where ITaG = weight of oven-dry ;rains in g
volume of grains (together with inner* porci,) 

3m  enr
Grading should bo measured by sieving. The ISO Standard pro
scribes sieves of 0,063» 03125» 0,25» 0,5» 1, 2 , 4, 0» 1 6,
32 etc rnr. in mesh.
Aggregate Strength can be investigated by different methods. 
The Hui.j/iol-method determines the crumblin'- factor ox grains 
(in German : ZertrUnumerungsgrad), Testing from grains of 
4-12 ram ir si so, 0,5 dm^ will be measured (having known 
bulk density, it can be weighed) and poured into cylinder 
(steel mould) of 15 cm in diameter and laid out- uniformly 
on the bottom, Tho grain will be pressed by steel piston of 
; ,8 cm in dinuetor during 1,5 min with 5 Mp, 

before and aft r pressing, the aggregate grading has to bo 
investigated . sieves of 1, 2, 4, 8 and 12 mn in mesh.
The crumb!in - factor can be determined according to Pig, 3
The Cuurablin . factor : ; ' * o’. )

C=( 100+100+100+50) - £Hj-,u2+a^+a4
100 100

i,e, the orunbling factor corresponds with the difference of 
fineness moduli of the original and crumbled aggregates 
measured on sieves of 1,2,4»3 and l6mm in mesh,
ASTM method uses cylinder of 3 inches in diameter and of 
5 inches in heirht ( 0  76,2 x 127 mm). The aggro-gate will be 
poured during shaking into the cylinder, smoothed by steel 
ruler and pressed until its upper surface becomes dented 
up to 25 mm (1 in). The diameter of steel piston for 
pressing is 76 nn.
Then t.a aggregate surface becomes dented to 25 ram, the 
pressing force (P) is read and the strength of aggregate:

RA =-|t- in MPa
• uere: P = reusing force in N (1 Newton ~ 10 kp)

pP = a rate surface in mm (since the piston 2 
ai : ,tc a is 76mm, the surface is P = 4536 mm )

The figure 1 yrs for aggregate strengths investigated
by AST! f. th

4 /
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'..atcr Absorption must bo measured on air-dry aggregate of 
given gradi:, in 0.5 hour and in 1 hour by Saturating grad
ually* The- -/ator absorption:

A... = ITA\7 + MA 100 i  in weigit
MAwwhere: A = weight of air dry aggregate in g

MA7 = weight of saturated aggregate m  g 
In general, water to be added to the lightwei^it aggregate 
concrete mixture depends on the water absorption after 0*5 
hour,- In extremely dry climate and long transportation 
distance bct’.veen mixer and mould, the water absorption after 
i hour should be taken in account.

CHARACTERISE!OS OF MAKING LIGHTOEK5IT AGGREGATE CONCRETES
Target of making is to produce concrete of given (designed) 
unit weight and of given (designed) strength* As a rule of 
thumb: the heavier a material is, the higher is its strength 
This thumb rule is, however, not always usable for the 
? .ghtweight ag.--negate concretes.
_ie unit wei.hi of concrete depends on weight of ingre
dients (coment, agg'.u gate, water) and on the effectivncss 
of compac-H on,
e.g, it i.. possible to make lightweight aggregate concrete 
of 1 r.î in Voi, with 200 kg of cement, 1000 kg of aggregate 
and 230 kg of water without any compaction. The unit weight 
of fresh concrete will come to SCF = 200+1000+230= I430kg/m̂ .'> 
'Then the same concrete mixture is strongly compacted, the 
quantity of ingredients increases proportionally and the con
crete composition becomes as follows: 260 kg of cement,
1300 kg of aggregate end 300 kg of water. The «mit wei#it 
of fresh concrete: SCF = 260+1300+300=1860 kg/m^.
If 385 of cement is used instead of 200 kg/m^, the
unit •.voinit of fr.jsh concrete can be 1640 kg/m^ v/ithout com
paction and 2140 kg/iu.̂  with strong compaction.

5 / . . *
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j cr repressive strength can be reached by 
ightr or decreasing strength can connect with 

-oi at# It depends on mixing ratio and

Compressive strength of concrete does not always follow its 
ve"it weight, .a 
different unii 
increasing mi' 
compaction»
For facili tatin : comprehension, some test results are given 
in Table 1« In this table can be seen the change of com
pressive strength and unit weight depending on mixing ratio 
and compaction# These results are processed in Figure 4&5»
It is to be noted that the unit weight of dried concrete 
can bo also calculated, with good approach, from the con
crete composition: cement combines chemically - during its 
hardening in the first 2-3 months - approximately 20 pet of 
its weight. Consequently, the emit weight of dried concrete:

II-dCD =
■mr

i*À = ccmont and
1 r- f * /

+ MA 0,2 «C
aggregate content of concretowhere: “t and

in ’p-g/nr3
In upper sort •~f Fig., 4 can be seen the change of unit weight 
dependin;- un mixing ratios and compacting methods, plotted 
against the cement content. It is to be noted that the cement 
is resulted from the others factors:e,g, if the mixing

-ut:aggregate:water by weight) and the 
m e rete (without compaction) is 1430 
of ingredients:

ratio is 1:5:1* : (f
a nit weight 
kg/m^, the qi

S.

Weight cuuau . 

Wei#it of aggregate: 

7/cight o i water:

"TC = 1430 = 200 kg/m3

MA
1+5+1» 15

= 1430 __ = 1000 kr/m3

M,7
1+5+1# 15

= 1430 __ = 230 kg/m3
1+5+1# 15

o/#*«
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HixingRatio
.^rtEyWeight Oonpaotion

UnitWti ghtinKiym^ Gone reteComposit- Compres-- 
ofFrcsli ofBried ion ce siv^

Concrete Cement Agere Water Stren*th
gate 

in kg/m3
in28Dn,
inMPa

1:8:1.75 Without 1344 1150 125 1000 219 1.3
Slightly 1470 1260 138 1094 238 2.2
Strongly 1747 1487 163 1300 293 7.5

1:6:1.35 Without 1392 1200 167 1000 225 2.1
Slightly 1520 1310 182 1092 246 3.6
Strongly 1810 1560 217 1300 293 11.2

1:5:1.15 Without 1430 1240 2 0 0 1000 230 3.0
Slightly 1558 1332 2 1 8 1090 2 5 0 4.7
Stron ;ly 1859 1612 260 1300 299 14.6

1:4:0.95 Without 1488 1300 250 1000 238 • CO

Sli ghtly 1615 1411 271 1086 258 5.8
Strongly 1934 1690 325 1300 309 20.0

1:3.3:0.C1 Withoug 1548 1364 303 1000 245 4.0
Slightly 1663 1468 326 1077 265 6.7
Strongly 2012 1771 394 1300 320 26.3

1:2.6:0.67 Without 1643 1462 385 1000 258 5.6
Slightly 1770 1577 416 1078 276 7.9
Strongly 2 g3 7 1900 500 1300 335 34.0

TABLE 1
Pnd when th. unit wei ht comes to 1359 kg/m3 (for concrete com
pacted strongly:
Weight of cor.it-.nt LC = 1859 = 260

7.15
Weight of Ag;:regate *_1A = 1̂859 .5 = 1300 Kg/râ

Weight of Water ^W = ^85^ . 1.15= 299 Kg/m^

In lower part of Fig# 4 can be seen the change of compression
stongth - dr-awing with continuous lines - depending on mixing 
ratios and compactin ' methods. plot'; ,d against the cement content#

7 / . . .
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As it was mentioned, target of making lightweight aggregate 
concrete is to produce concrete of given unit weight and of 
given s', ength, This target can be achieved, if factors 
govemii t these two properties are known* The relationship 
between cement content and unit wei^t ox fresh concrete 
(Fig, 4, upper parti, as well as the relationship between 
cement content and compressive strength (Fig* 5*» lower part) 
enable to plot tile graphs of the relationships among cement 
ooatent, unit weight of fresh concrete and compressive 
strength* Method of drawing can be seen on Fig, 4 also with
out further information,
i ie relation" tip nmon : cement content, unit weight of dry 
concrete and c ; rev-oive strength can be seen in Fig, 5 
plotting its uuphs on data of Table 1,
Fig* 5 1 ids itself particularly well to determine com- 
posiiion and compaction of lightweight aggregate concrete,
e*g* task should be to make concrete of compressive strength 
of l4IIPa and of dry unit weight of 1600 Kg/m^,
From Figr 5 (lower part) can be seen that this is possible 
only in the case if the cement content is between 200- 
320 kg/nr and compacting is effective. When constant unit 
wei$it (16OO Kg/râ ) is kep , increasing cement content 
demands decreasin';- compaction and it results decreasing 
compress: vc strength. If cement content increases and com
paction is constantly strong, unit weight of concrete also 
increases, by this rruans its thermal conductivity will be 
worsening.
Relationships according to Figures 4 and 5 should bo 
determined for different cement types and different aggregate 
gradings. In many car. s dosage of natural sand (0-1 mm in 
" izo) improv. s compressive strength of concrete, its unit 
• dght, howo' - p increases*
The water coni it a . p .nds on required plasticity. If water 
content incr . , workability of concrete improves, both unit 
wei$- i and compressive strength can increase. Water-cement 
ratio .oos not govern, the characterisitics of lightweight 
aggregate concrete as in the case of ordinary one.

8 / . * .
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The other properties of ligh ‘‘weight concrete ( 3,g, bending 
strength, shrir..-«. ago, or«., p, '-oung modulus, adhesion of steel 
bars etc«) dope' l o.i 1:3 compressive strength* For the statics 
calculation, tln.je ether proportit;s have to b e also investi
gated.

4,- "VE5TIGAT] Cl 3 ' J  . "/EIGHT AGGREGATE AND LIGHTWEIGHT 
jGREGATg. _ oi:;: ___

According ,o . .. pr. .t o u s informations, the Syrian Arab 
Republic ■' . ds.. C rst for most, IG and LIC lightweight 
cone ; Consequently the target of research v.'ork is
making th . ;o concrete types,
4,1- iïüTSJ ?I GATIONS OF LIGHTWEIGHT AGGREGATES

The i vv'estigations require about 30 kg of aggregate 
from noli Sample., In each of sampling, a large number 
of s:. iple increments, that is, small portions, are re
quire 1 to climate the true average quality of an ag- 
jfjro ; ') vv ith acceptable reliability. Test proportions 
fro: ac sample may be extracted by quartering accord
ing i ' . g ,  r,„

Rjqn ad quant* tie: for testing are as follows:
Test: i ; spool!ic wravity needs 3x0,1kg portions
Ton: a; oral, wei 'tit nee is 3x15 pieces of coarse

aggregate
To s t  ng bulk density needs 
Tes ; .nr Tar eeds
Testin' s n g. ods
Testing . .r .ration needs
Ren ir... p i :s for testin.

3x2kgportions 
3x5Kg portions 
3x1 dm^ portions 
3x1 kg portions

are as follows:
F- .(.ci/; „ gravity; Laboratory mill for grinding

Lc Chatelier flask (pycnometer) 
analytical balance 
kerosene or water,oven for 
drying at + 105°0

The usv: method, for determining the true specific gravity
aggrog. o is to powder the sample to, say, 100 mesh (l50pn)
and th>. i. to dot. mine the specific gravity by some method, 
such o : ASTI.1 C 188 for cement (by using inert kerosene or 
water m  a Lo Oh' telier flask)«

9/* • •
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T ie point to the powdering is not so much to destroy void 
spaces, sinco most aggregates have pores for smaller than 
any reasonable sicrvm opening, but rather to provide parti
cles so s:: JL1 that their pores are readily and completely 
penetrated by the. pycnometer fluid, for instance under 
vaccum saturation*
For testing unit weight: Pot of 2dm^ in volume for sa

turation analytical balance: 
balance for weighing in water 
or equipment for measuring dis
placement; oven for drying at 
+ 105°C

The methods for determination of the unit wci^it of ag
gregate are based on weight and volume measurements* Of 
course, the volume of grains could be determined from di
mensional measurements if the sample pieces were regular 
geometric shapes# Since this is not the case for aggregate 
particles, the volume has to be measured by weighing in 
water (in Archinedes-balance) or by displacement* Before 
this measuring, the particles should be saturated by water 
or coated with paraffin#
Fir testing bulk density: Pot of 1 dm^ in volume

balance of gramm accuracy oven 
for drying at + 105°C

Bulk density of 4-12 mm grains has to be measured loosely* 
This is characteristic bulk density of aggregates*
For technological purposes, bulk density of given grading 
of aggre. -ate may be measured after shaking* The measuring 
pot, full with aggregate, should be hit against a steel 
plate 15 times, dropping from about 5 cm height*
The aggregate surface sank under the influence of shaking 
should bj refilled*
For testing grading: Balance of gramm accuracy

sieves according to ISO 
Standard

The most important particles of lightweight aggregates are 
the grains below 1 mm* These grains form together with 
cement the cement mortar ^mortar matrix) which is the load 
' carm- skeleton in the concrete.

1 0 / . * .
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For testing str-xi.-th: Balan. ~ of ~ramm accuracy;
steel cylinder (0  7.62 x 12,7cm 
according to A S M  Standard or 
0  15cm, according to DIN Standard); 
steel piston or plate$ hydraulic 
pressing machine with pressing 
capacity at least lOfcN

Testing strength nay be carried out according to the ASTM 
Standar or Hummel-method (DIN Standard). Results are neces
sary for evaluating the concrete composition as well as 
the available compressive strength of lightweight aggregate 
concrete.
For testing water saturation: Pot of 2 dn^ in volume; balance

of grarnm accuracy; stopper watch 
or alarm clock; blotting paper; 
filtering textile or strainer

Results ox testing water absorption may be used for eva
luation of mixing water. Air dry aggregate of given grading 
is poured into the pot which contains 'water layer of 2cm 
in height.
After 5 minutes, water surface is increased vith 2 cm. After 
0.5 hours, the aggregate, together with filtering textile or 
strainer will X; raised from the water, its surface blotted 
b;, paper and eed, This manipulation should not last more
+’ 5 minuter, Huvir ; weighed, the aggregate, together with 

.ring textile or water, will be replaced in water and 
trained there for once more 0,5 hour. Then the weighing will 
be repeated.
4»2.-INVESTIGATIONS OF LIGHTWEIGHT AGGREGATE CONCRETES

The investigations require about 300 kg of aggregates 
from each sample. The target of these testing- is to draw 
the relationships a mong mixing ratios, concrete compo

sitions, compacting methods, unit weights and compressive 
strengths ox concretes according to Figures 4 & 5» The 
principles of the research work are described in the 
Work Schedule (Article 5«d),
Required equipments for testing are a.; follows:
Testing workability: Any equipments used for investi

gation of ordinary concrete work:., 
bility (it ma-’- give preference 
to vibrating systems such as 
VEBE - meter)

1 1 /# ..
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Testing concrete mixtures* Mixer of 100 dm in volume en
pacity (for lack of mixer mach 
ine, mixing by hand nay be car
ried out)
Moulds for making specimens 
(cubes, or cylinders or prisms, 
it is advisable using cylinders 
of 10cm in diameter and of 2Ca
in height, but it is possible 
using cylinders of / 15x30cm''
Table vibrator (for lack of 
vibrator, stamper may be used;
Hydraulic pressing machine

Testing lightweight aggregate concrete should be paid
attention
- to the uniformity of concrete workability therefore 

mixing water should be accordance with the water ab
sorption of aggregate in 0*5 hour + 15 pet of cement 
content if the cement: aggregate ration > 1:4 (c.? ■ 3

- to the uniformity of aggregate grading therefore the 
aggregate fractions should be mixed for enabling to 
get average quality.

- to the uniformity of curing therefore- on the first 7 
days specifimens should be stored in fog chamber or 
under wet clothes or in the first day under wet clothes 
then to 7 days in water.

- to smoothness of pressed surfaces of specifimens, 
therefor,., the surface should be leveled by 1:3 cement 
sand mo:.’tar layer on the 7 days before testing eomprec: ■ 
sivc stron-'th.

4 *3 .  IHVBdTIGATIONS OF POZZOLANIG ACTIVITY OF VOLCANIC
MATERIALS
The method of investigations is outlined in Work Sbhcdul
(Articles 2 and 5*D)
Required quantities of materials (for one type):
- round volcanic material with specific surface at

least of 3000(gBtKT a- U 4 kg
hydrated lime 4 kg
gypsum {\:>aris plaster) o • VJ1

1 2 / . .  -,
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- Natural sand of 0-3 mm (commonly used in
ttu 3,A,R, for mortars) 25 kg

Require d equipments to the investigate m s
- Ball mill for grinding volcanic materials to spe-2cific surface at least of 3000 era / •
- mixer v/ith capacity of 10 dm^ in volume (com

monly ex, I to ceuent quality control)
- mould:/ e'er i.. ’-ing specimens ( it is advisable to use 

prisms of 4x1x16 cm)
- si e îiie taijlo for investigating mortar plasticity and 

fer compacting specimens (commonly used to cement 
qielity control)

- ccr.e for investigating mortar plasticity (commonly 
ur cd for cement investigations)

- hy: raulic pressing machine for testing compressive and
nding strengths

- b:2ance of g accuracy
Six specimens will be made from one mixing ratio : 
thre ; specimens tested in 7 days, thr.o specimens tested 
in 2 S days for compressive and bcndi.n • strengths* The 
mixiu- • ratios are given in V/ork Schedule, Article 5,B, 
Mixiu ; time: 0o5 minutes mixing hydrated lime, gypsum 
and ground volcanic material + 0*5 mirrte mixing with 
sane 1 minute mixing with water,,
Plasticity: Th> mortar should be stretched to 16-18c
Compactin g Shaking on table 15 times
Curing: 7 days (or 14 days) in fog chamber (or

under wet clothes or in water after 1 
■ -y) then in laboratory room,

4.4* MAK: 1 LIBHT'TEIGHT AGGREGATE CONCRETE UNITS
In accordance with the Work Schedule, for making demon- 
rtrrtivo wall construction, at least four wall blocks 
she i. Id be moulded.
It is advisable to make wall blocks of nedium size, that 
is )f 150x30 cm in measures. The mould may be formed of 
boards according to Fig;; 6,

1 3 / • • •
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The moulds are placed on smooth, hard surface.
Surfaces of the bottom plate and sideboards are coated 
with thin oil layer to prevent them from sticking to 
the concrete.
The coner to mixture is poured into the form, laid 
out unii c"-..;ly that it would top of about 10 cm the 
board in a.i-dit, Concrete can be compacted by poling 
vibrator and for smoothing its surface, plank vib- 
rator may be used.
After one day, the side boards may be carefully renovun 
and the block may be set up by lifting one side of
bottom plate by hooks ( Pig, 7)
Required quantities of materials:
- volcanic material of 0-l6mm in grain size 1800kg
- natural sand of 0-1mm in grain size 500kg
- cement (350 pc) 500kg
- biter (approximately) 400kw
Quantity of lightweight concrete (for four blocks)
cotnoj to 1,6 m^,
iiixing ratio (probably): 1:4sO,9 (cement; aggregate: 
water) by weighty
Aggregate (probably): 85 pet by ’.7, of lightweight

aggregate
15 pet by 7/, OP NATURAL SAND 

Curing: during seven days by continuous watering.

2beh August 1981 J #E, UJHELYI
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A N N E X  Ho, 3

INVESTIGATION OF LIGHTWEIGHT AGGREGATE CONCRETES MADE WITH 
VOLCANIC MATERIALS ORIGINATED FROM DIFFERENT DEPOSITS

/

1.- INTRODUCTION
The requirements for the investigations are outlined in 
Annex No* 2, Chapters 3, 4*1 and 4*2*
The investigations were carried out in the laboratory of 
Ministry of Communication* This laboratory is equipped mainly 
for quality control of road constructions: testing sóils, 
bitumens end concrete specimens made by the contractors for 
controlling purposes# The laboratory has the following 
equipments suitable to the concrete research work:
- bai', mills for crushing fine materials
- balances and drying ovens
- sieves according to ASTM Standard

eight cylinders of 15 cm in diameter and 30cm in height
- equipments for testing compressive strength of concrete 

specimens (hydraulic pressing machines) and for smo
oth _ng specimen surfaces by sul or mortar*

- cutting machines for stones and concretes
- vibrating table for compaction of specimens (it was 

purchased on 19th September 1981, two weeks after the 
imestivations started)#

The col2 aboraters of laboratory are skillful and well 
intentioned, well educated in quality control but untrained 
in concrete research work#
The laboratory is not equipped with crushers (roller or jaw 
crus ho.: ) , scroeners and mixer therefore crushing and scre
ening : r ;'regate furthermore mixing concrete had to be car
ried out. by hands In the first two weeks, the specimens 
were a".so compacted by hand#
Becaur o of working by hand, the fulfilment of investigation 
program according to Annex No# 2 was impossible#

2/# # #
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With regard to the lack of time, the expert had to be satis
fied with a shorter program than was described in Annex No,2 
Chapter 4.2 and Annex No. 1 Chapter 5#A respectively#
Therefore the results of investigations summarized 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
0 these further investigations is to get sufficient data
1 r preparing dgdj Practice of making lightweight aggregate 
c ncrete including properties of these concretes,

2,- INVESTI In LON OF SAMPLE FROM HASSAKE
The sample arrived at the laboratory in big pieces of 30-50 
hg#
According to Annex No, 2, Chapter 4*1, average sample# would■ive r»«-: " • t oei for hue i,: •'etr.i ¿a Ciins.It means that the material of about 300kg ought to be have 
crushed at the same time for getting sufficient average 
fractions. Preeise data can be only get by testing material 
of average quality#
Because of the lack of storage place and crusher in the labo
ratory, crashing the whole sample was impossible# Therefore 
material 1 ad to be crushed from day to day il quantity 
enough foi -t-6 specimens and after having screened, the mixing 
could be started#
Consequently, the results are not suitable for generali- 

_ zation#
2,1. AGGREGATE PROPERTIES

The crushed articles of the rock slumps were wieved 
on the folio’, in - sieves:
0.25, 0#2b7t 0.42, 0,84, 2, 4#76, 12.7, and 38.1 mm
(qu Irntic holes)#
TV. j t for measuring bulk density was 2780cn^ in volume 
and 202g in weight# The measurement of bulk density was 
repjuted three times; the fractions were poured into 
the pot loosely and the surface of the heap was smo
oth _d by steel ruler. The results of investigations can 
be s e e n  as follows:

3 / • •  •
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12.7-33,1 mn: 2379 g 2390 2397 g
-202 g -202 r r -202 r r

->

2177 g 2188 ST
0 2195 r r

4.76-12,7 mm: 2603 g 2617 g 2690 c r

-202 P* -202 g -202 g
2401 r r

0 2415 g 2488 g
2-^.76 mm: 2822 r r

0 2905 g 2995 c r

-202 g -202 g -202 P *

2620 g 2703 g 2793 g
0-2 mn: 3827 .r r 3850 ,r r 3882 g

-202 g -202 g -202 g
3625 g 3648 g 3680 g

Bulk :tensities 
12„7 - .3 ,1  ram:

4 f7  7 -12.7mm:

2-4»76mra:

0-2

2177 + 21U8 + 2195 
3*2,78

2401 + 2415 + 2483
3.2.78

2620 + 2703 + 2793
3.2.78

3625 + 3648 + 3680
3.2.78

-560 = 
: ,34

= 7304 =
8.34

= 8116 =
8.34

= 10,95.3=
8.34

787 kg/h3

876 Kg/ra3

973 Kg/raJ 

l3l3Kg/m3

The fraction of 0-2 mm was measured after 15 shaking: 
Bulk density 1459 k^/m3

For investigating water absorption. 2-2 kgs were weight 
fro 1 the sieved fractions, furthermore aggregate mix
ture was composed frora the fractions as follows:

35 pet by W. of 0 - 2 mm
25 pet by W. of 2 4.76 mm
20 pet by W. of 4.76 - 12,7 mm
20 pet by IV. of 12.7 - 38,1 mm

We: ht of aggregate mixture was 3000 g*
V/h.:i the weighted samples wore poured into the water, 
t h  : hvd iit of water surface was 2 cm ar:d it was inerc- 
ae.d with 2 cm in every 5 minutes.

4 /
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Water absorption was measured after 0*5 and 1 hour» 
The ret lilts of v .ter absorption investigation were 
as foil ra? :

Fracti m Wei; ht of s. pies in S Water absorption in
by W.

TV r . sat- 
v . ion

Aft^r0.5
hour

Aftcrl
hour

after 0,5 
hour

After 1 
hour

0 2 2000 2536 2547 26.8 27*4
2 -4.76 2000 2356 2310 18.3 15.5
4.76-12.7 2000 2291 2291 14.6 14»6
12.7-38.1 20 >) 2280 2318 14.0 15.9
rr  ivture 3000 3569 3555 19.0 10.5

Control- The water absorption of the mixture can be cal
culate! from that of the fractions« After having cal
culate!, the results are as follows:

Fraction 
in mm

Pert by- 
woi ht

Water
in0.5h

absorption 2 x 2  
in 1h

2 x 4

1 3 4
0 -2 0.3 5 26 *8 ?7.4 7.33 9.59
2 -4.76 0,2 5 18.3 15.5 4.50 3.89
4.76 -12.7 0,20 14.6 14.6 2.92 2.92
12.7 -38.1 0.20 i : o 15.9 „.2.00 3.18

19.60 19.58
It car. L ...n ;n at
— between we ter absorptions in 0.5 h and in 1 h are

 ̂ ■: ; tic ally no differences
- t l ■ result of investigation of 2-4,76mm fraction in 

0.5 h is certainly not correct, therefore instead 
of 1o,3 pet by W it can be calculated with 15*5 pet 
’J W.
Cn the. basis of this calculation, the water absorption 
c '  the mixed aggregate in 0,5 h ccmes to 19 pet by 
'/, To the concrete composition, this water absor
ption should be taken in account,
¿or investigation of unit weight of rock, one rock 
slump was weighed (air dry weight) and placed into a 
pot filled up to 2cra with water,

V  » .  »
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Wator surface was helped with 2cm in every 5 minutes* 
Af^er two days, the volume of the slump was measured 
by water displacement:
Air dry wei^it of the slump 7493 g
Weight of the saturated slump 9334 g
Volic r of the slump 52*3 r!m̂
Unit •right of the rock 1432 kg/dm^
For investigating the grading of the fraction 0-2mm, 
2000 ; of material was weighed and sieved.* The results 
arc a; follows:
0 - 0,25 mm 235 e 11,0 pet by weight
0.25 - 0,294 60 g 3 ,o  " 11
0*297- 0,297 mm 123 g 6.2 " H
0.42 - 0, mm 513 g 25.7 " II

0.84 - 2,0 :r I069g 53.3 " II

IT/ .’IGATION OF CONCRETE MIXTURES
Aggregate mixtures of three gradings were used to the 
investi; ;ations.
The first serie was made with aggregate of maximum 
grain size of 30*1 mm* Quantities of fractions: 35pct of 
0-2 mmj 25pct of 2-4*76ramj 20 pet of 4*76-12,7rami 
20 pet of 12*7-38«lram*
The second serie was made with aggregate of maximum 
grain size of I2*7mm* Quantities of fractions: 50pct of 
0—2mi ; 25 pet of 2-4*76mm and 25 pet of 4*76- 12*7 mm*
To the third, seric, limestone sand of 0-0*42mm was 
us.d instead of 0-2rnm crushed volcanic material.
The gradings of the three scries can b- seen in Fig* 1*
After having weighed the different fractions, they 
were poured into a metal tray and mixed by hand, 
until th, colour of the mixture became uniform. The 
mixing was continued by hand during spreading with 
water. After finishing the mixing, it was waited for 
10 minut that th j aggregate would absorb part of 
nir .. . : water*

6/,..
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The ccn crate mixture was poured into the mould partly 
witho' ■ compaction and partly with compaction by 
stamp (which is otherwise used to Proctor-investi
gation: ). The compacted specimens were star* cd in four 
layer, ovary layer with 15 blows* Specimens* surfaces 
wore 3: loothed with steel ruler.
The mi dng ratios of mixtures and the unit weight and 
compositions of fresh concretes can be seen in Table 10
To get i.:;act data, at least 3 specifimens would have
had to 1....  la, but because of lack in crusher,
screenor, mixer and vibrator on the one hand and due 
to t .. limited number of moulds and small quantity 
of volcanic material on the other, only two spo ci- 
mens v.ore made from one mixture.
Therefore the results of investigations are only
informatory.
It should be emphasized that in spite of circumstances, 
the results of investigation can be regarded as cor
rect, owing to devoted work of the staff of the
lab ore tory.
For : r rapacting specimens, steel bar and stamper were 
avail: lc. If the concrete had been compacted by vib- 
rati i • table or primarily by vibrators, higher unit - 
weigi 3 could have been reached.
Testing of compressive strength was carried out in 
14 deys. Usually the compressive strength of 28 days 
is the standard ;.no, but the short time of expert ne
eded eaili.r investigations* The specimens were stored 
in moulds . .ms wot clothes in the first day, then - 
after tcbm:; th u out of the moulds - in water and 
anc ’.ray v; ,m taken out from the water in 10--12 days 
nr ,>eforo testing, their surfaces were smoothed with 
su :ul-mortar.
He salts of tasting compressive strength can be seen in
T' La 2.

7/...
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Prom dot . Tf :1 1, the relationship between cement 
con-teni ■ o_n.it -.-right of fresh concrete depending on 
nixin ratios (according to Annex 2, Chapter 3*) is 
plott. in Fimre 2*
From d -,ta of label 2, the relationship between cement 
content and dry concrete unit weight depending on 
nixirr ratios is plotted in Fig* 3»
The relationship between compressive strength and unit 
weigH of dry concrete can be seen in Fig* \* Since 
this relationship is generally parabolic, Fig« 4 is 
plot^a 1 acoording to parabolic function. Naturally this
is an approach but it ci_r_ be accepted for practical 
purp >: es.
The >: actical purpose is now the drawing relationships 
acco in to Anm.x 2, Chapter 5, In fi-hires 5 and 6 
the 1 ange of compressive strength can be seen for 
concretes of different nixing ratios, depending on 
their clent cr .tents, For drawing these Figures, the 
date of F,_ v.re 4 con be utilized.
Fig* 5 o; ■;. .p. rtont for regulation of concrete tech
nology Fi ■ is suitable for design of concrete
str eiu.rs„ 7c shall couc back to that later.

3.- JiYlllIhg'J ° y F R Q M_gACCA
The sample arrived at the laboratory in rock slumps of 
5 -1 5 kg. Crushing the material of Racca was the same as 
that of Hassako i,o, by hand from day to day,
3,1* AGGREGATE PROPERTIES

The particles of the crushed rock were sieved on the 
following si ves; 0,25; 0,297» 0,42; 0,84; 2; 4,76;
1. 7; and 25,4 mm, (quadratic holes),
T'ij pot of measuring bul c density was 930 ern̂  in 
volume and 4275g in wee fit, the measuring was re
peated three times. The results of investigations were 
i~ follows:

0/...
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12.7 - 25.4 mm: 5040 5100 5000 765+825+725 = 630kg/r.r
-4225 -4275 -4275 3.0,93
765 825 725

4.76- 12.7 ram: 5135 5175 5150 860+900+875 = 944kg/::3
-4275 -4275 -4275 3.0,93
060 900 375

2 - 4.76 rani 5225 5230 5240 950+955+965 =1029kg/n3
—1-275 -4275 -4275 3.0,93
950 955 965

0 - 2 ran: 5375 5385 5370 1100+1110+1095=113 5kg/"3
-4275 -4275 -4275 3.0,93
1100 1110 1095

Aggregate mixture '.vas composed from fractions as follows:
f 2 35 pet by weight
c — 4.76 -i 25 pet by weight
4 »76 - 12.7 :in 20 pet by weight
12,7 - - 5 *4 ran 20 pet by -"eight
Bulk Density 'of mixture:
5360 5360 5340 1085+1005+1065

-4215 4225 -4275
1085 -085 1065

1160 kg/ra3

The bulk density of the mixture was also measured after 
15 Shaking, the. results: 1274 kg/m3
The investi-ations of water absorption were carried out with 
the mixture. After 0,5 hour the water absorption was 14*4
pet by weight.
For measuring unit weight of rock, three rock slumps were 
weighed (air dry weight) and placed into a pot (the method 
of investigation is described in Chapter 2„1)
Air dry weight of the slumps 
Weight of the saturated slumps 
olune of th.. . -lumps

4141 S 
4743 g 
2483 cm3

ater absorpti : of the rock 
'nit weight ? th rock

14*5 pet by weight 
1660 kg/m3

9 /  # • •



Per investi 7 .ting the grading of the fraction 0“2mm,
2000 g mate ,'Lal was weighed and sieved* mhe results are as 
follows:
0 - 0.25 mm 217 4Г7> 10.9 pet by wei ¡4 CT

0,.25 - 0 * 2 j 7 mm 20 g 1 .0 pet by Wei •lit
c,.297- 0.41 ПГ) 55 G 2*7 pet by wei, ht
c,.42 - 0*u4 mm 390 rr

■J) 19.5 pet by wei -ht
0,.84 - 2 mm 1319 g 65.9 pet by wei.ght
3 INVESTIGA r\-~-L 4VÌ . OF CONCRETE MIXTURES

Aggregatv г ibuias of two gradings were used to the 
investi gati oas.
The ot s vrij was made with aggregate of maximum grain 
si"- .a 25.4mm: 35 pet of 0~2mm; 25 pet of 2-4 .76mm;
20 pc4, of 4 *76- 12.7mm; 20 pet of 12* 7-25.4 -mi.
The s. conci serie was made with aggregate of maximum grai 
size i I2«7mm: 45 pet of 0-2mm; 30 pet of 2-4 *76mm 
and 2 pet of 4*76-12.7 mm.
The gre dings of these two series can he seen in Pig* 7
The mdhod and circumstances of making concr.te were the 
same were written in Chapter 2.1#
Th : raining ratios of the mixtures, futharmore the unit 
Weigh ; and compositions of fresh concretes can be seen 
in Та-, b 3# The data represent results of two speci
mens, 4^suits of testing compressive strength in 14 
days ran. be seen in Table 4»
From data of Table 3.» the relationship between cement 
content and unit - .i *h+ is plotted in Fig* 0 from data 
fo Table 4, tne relationship between dry unit weight 
and compì' sr-ive trongth was drawn and it can be seen 
in Fi-% 9* This fi -яге was utilized for plotting re- 
lati > flip 1ч;tween cement content and compressive 
st:r. c ;th, according to Figures 10 and 1 1*

1 0 / . . *
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4,- INVESTIGATION OF SAMPLE FROM SHAHBA
The sample a.rrivod at the laboratory in Trains rath maxinun 
grain size of 12.7mm according to its original state.
Crushing material was not necessary,
4.1* AGGREGATE PROPERTIES

The material particles were sieved on the following 
siov, s:
0.25: 0.12; 0.84: 2; 4.76; and 12.7 :~.n
The act for measuring bulk density was 156 cn^ in volume 
and ..203 g in weight, the measuring was 'cpeatcd three 
time.; with each fraction» The results of invosti- 
wati'in arc as follows:

4,76 - 1 2 .7 ran: 4015 g 4827 g 4799 g 532-541+516 =555kg/nJ
-1203 4283 -4203 3.0,956
.42 7 514 g 516 g

2 - 4.76 mm: 1 • 4015 g 4057 s 535+562+574 =600kg/rr
-4213_ -1203 60COOJT 3.0,956
5 "5 g 562 g 574 g

0 - 2 rn: 4003 g 4001 g 4 0 77 g 600+590+594 =625kg/m
-4203 -1203 -4283 3.0,957
600 g 590 g 594 g

Aggregate mixture was composed from the fractions as
follows:
0 - 2 mm 50 pet by weight
2 - 4,76 mm 25 pet by weight
4 .7 5 - 1 2 .7 mm 25 pet by weight
Bulk density of mixture:
4912 g  4398 g 4918 g 629+615+639 - 695 kg/nr*
•4283 -4203 -4283 3.0,956

62') g 615 : 635 ;
The investigations of water absorption wore carried out 
with the mixture. After 0.5 houi-' the water absorption 
was 19.2 n , by w.;i -ht.

12/...



Measuring unit weight of rock was not possible because 
rock slumps were not available.
For investigation of the grading of fraction 0-2mm, 
2000 g material was weighed and sieved« The results
are ar follows:
0 0 . 2 5  mm 369 ' 1o,5 pet by WOi: ht
C.25 - o * n-* ro U1 CO 2,9 pet ' g weight
0.42 - 0.84 mm 178 23.9 pet b.; -eight

o • CO 2  nm 1095 ^ 54.7 pet r: ./eight
INVESTIGATION OF CONCRETE MIXTURES
Aggregato mixtures of two gradings we re used to the
invooti tio .3.
The fir .t ri u v • composed with aggregate of maximum
grain si:: f ' , ¡-mm: 50 pet cf 0-2nm; 25 pet of
2-4.7b' ... -a. . ; ot of 4.76-12,7mm.
To c o c o a  . eerie was u cod material of original
yalcig (maximum grain size is 12*7 mm)*
The readings of these two series can bo seen in Fig«12
The Method and circumstances of making concrete were 
the - - o n e  as was described in Chapter 2*1
Mixing ratios of the mixtures, furthermore the unit 
weights and compositions of fresh concretes can be 
scon in Table 5* The data represent results of two 
spe inons. Results of testing compressive strength
can b o  S e - a n  in Table 6*
Frc .1 data of Table 5, relationship between cement con- 
tor t end unit weignt, is Blotted in Fi'-. 13* From data 
o f  table 6 ,  thw relationship between fry unit weight 
an compressive strength was drawn and it can be seen 
in Fig, 14*
This fi -a. lilized for plotting relationship 
between o . .iL e -■ ,, .¡nt and compressive strength, 
cording + .b. ■ i ■ s 15 and 16,



54
-  4 3  -

5,- EVALUATION C? TEST RESULTS
The bulk densities, unit weights and water absorptions 
of différer.4 volcanic materials tested at these investi
gations car. be seen in Tabic 7* As standard value, the 
bulk densiig measured on particles of 4,76-12*7 mm can be
used. According to the results, bulk densities arc as

follow:: (in order)
Shall1.: . deposit o55 kg/m3
Hassa deposit 876 kg/m3
Racca ; .oposit 944 kg/m3

Unit weigh ; of fr-sh and dry concretes had the following
limits:
Deposit Unit weight in Kr/m3

f .ahbH 
K ,ssake 
h .oca

of fresh concrete of dry concrete 
39 - 1450 758 - 1326

061 - 2034 761 - 1067
-1263 - 2040 1177 - 1891

The co- ;pi‘ ; ivc strength of different concretes was investi
gated m  d:L .’fermt days owing to the official holidays 
between 7-1> October* Therefore, for evaluating compressive 
strengths, inrdening process of cement used to the investi
gations has to be known.
This process can be seen in Pig* 17 according to informat
ion obtaiied from 0,0*0* On the basis of this figure, 
percent o: compressive strength in the strength of 28 days 

- since th ; relationship between 7 and 28 days is logari
thmic lir ; r - is as follows:

pet - 100'; ■ 38*5______ . (1 28 - lgx)
lg 2 8-1 g 7

where x - lay of the investigation (between 7 and 28 days)
Exa ]les

Percent compressive strength in 14 days
100 -i38,5___(lg 20-lgl4),= 100 - (63.95 ; 0.301)=

£g2e-l.^ - 100-19.25=00175

1 4 / . . .



P^recent of compressive strength in 15 days
100-j 30.5 (lg 28-lg 15)j =

|Ig20-lg7
100(63*95:0.271)=100-17*33=

02,67 pet
Some data - for facilitating the- evaluation - are as follows:

Pet 78.29 00.75 82.67 84.46 86.14 87.73 89.23 90.66
3y means o f  the above values, the tested compressive strengths 
can be transformed to compressive strengths in 28 days.
E.g. specimens of Signs 1 had compressive strength in 14 
days 3.7 L I P  a, their compressive strength in 28 days - in 
all likelihood - will be 3*7 :0 .8 0 7 5 = 4*6 Iipa, while speci
mens of Signe 4 were investigated in 16 days, therefore 
their compressive strength in 28 days can come to 20.0 :
C,8446 = 23.7 MPa.
Further on, th.. compressive strength in 28 days are given by 
r ans of this transformation. The data can be seen in 
T-.blc 8.
Prom the ,.ata of Table 8 and from that of Tables 2,4 and 6 

relationship between dry concrete unit weight and compres
sive strength in 28 days (calculated) can be seen in Pig. I5 

depending on the materials investigated from different 
deposits.
According to Pig, 18 for making concrete of 1200-1300kg/nP 
in dry unit wei-^it, material from Shahba is the most suit
able (compressive strengths in 28 days are about 5-8 MPa), 
Por concrete of 16OO-1OOO kg/m^ in dry unit weight, both 
materi" ; from Hassake and Race a can be employed (compres
sive strengths in 28 days are about 7-16 LIP a)
It can bo stated that the materials used to investigations 
reported ar; suitable for making lightweight aggregate 
concretes:
- for load-bearing and thermal insulatin'' concretes from 

Shahba materials,
- for load.-: earing concretes from materials of Hassake and 

Racca.
O n  the basis o f  the results, continuing investigations can
L suggest I,

Da 13 14 15 16 17 ¡3 19 20
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Tao Le 1. fran  concretes' data, of niM.erca.L from Н а т к е 1
!
Signe '

i
riming ruteo  i

' Compocctcon, 
С : Л  : W i

1 Unit mèegid 
! of fresh
\ concrete.
] 4/m?

1 Cement ! !I Aggregate ! >1 deter Лтд of

' content , rv « J
ma<tn.y
specimens

1 ! metk. 51a-npe-r
i : b ■ i,14 - .. ;----  ----

! me tice ut

; Y9Y2 ; 2 3 5 j  1h09 j  262 02.OS.

ë ! 261 10 b 6 3 V  ! 424 13.02.

i mith. i Гае neper
У . té •• 0,76 ------- ----

• -1902 I '¿so
r ’

j У 3 2 У ; 25У
i ------

02 Oj

7 *tith.Oü£ 1 4 4 3 2 5 1 ! 1 0 0 2 19 0 j 13-09.
A -----, --------  ------- — ............... --• ------  ■----  . -- ; • — ----- ---

* mette  S t о п р ей - 2.Ö 3Y i 1 3 3 3 253 Í 09.09.
-----------V ■ 3  • 0 ,5 7  -------------  -------------- - . _ -- *■ * ------------- —-  . ---- \ ................ "

5 m i'tiecrlc t 1 5 2 1 3 3  J ; у я з 190 13-09.---------~---------------  . . . . .......... ........ — —  1------------------, . -. ...

4
-----------1 :

tVitrb S tX fttsp¿X
2 , 2 2  '0 ,5 7  - ---------

2 0 3 i f 4 5 7 13 I t 1 6 1 ■ 10-09.
— i-----------------

9 IVLt-^O 1 5 2 3 j 5 7 1 0 2 3 2 0 3 1 U- 09.

10
-----------/ :

mcirh. с г а п е р е г
¿  • 0,79

1 9 5 2 2  38 ; i * 3 i 1 2 9 ■ 16 09.

2
10 n/ ithO jc t 1 3 0 3 1 6 7 1 0 0 4 1 3 1 : 16.03.

11 m i t ’e  s C x n c p e r 1 3 6 2 3 2 0 1302 . 2 3 4 : 10.09
----------  g V 0.72  ...........................................— —.......................* • ~ - ' . ------

11 n/i tflOuX 1 3 5 0 2 3 b 9 4 4 1 7 0 19.09

3 t  1 : X • 0,z>7 mith. i t e c n e p e r 11 73 ¿ S 3 , 1 5 3 3 2 5 7 ; i l - о з .

Taute t . Iesz.nq dedo, o f  concretes made a ith . m,aXer¿cuL from Hassane

i
LLrcct w e i g h t Л r g  txnxC Compressive i Ъ лд

S e r b e j  Ccqrie a t  t t s c ù n j j nr t e g  h i s t r e n g t h . I of

nj / m f  

1 8  5 1

K3/mf t i r a . I t t s t e n g
j-------------------

( 22 .09 -4 1 6 9 0 2 , 7

i i 1 3 5 3 761 0 ,7 I 17. OQ.

1

!

I 1 1 8 5 4 1 7 1 7 7 ,6
f
i 22.09.  j

1
! 7 1 3 3 4 1 3 0 3 1, * I 17.0g.  J

i J 1 0 0 5 1 3 6 7 14 ,0 1 23-09. j

! 8 1 4 9 6 13 98 2 ,3 11.09.

i ' 4 2 0 0 0 186 4 2 0 ,0 ; 26.09. 

i S.J.C9' 9 1 5 6 0 1 4 5 6 4 ,9

: f o L  m l .........
V M 7

i .............................. -
8 ,3 ' 3 0.09.

¡
! 1

\ 10 S 1 2 6 2 1 2 0 4 0, è ! 30.09.
1 *-

: 11 1 8 0 4 j 1 6 9 3 8 , 7 : 0 3.10.

\ ; 11 1 2 8 ‘J 1 2 1 7 ; 1,0 ‘ 02 .10 -

! 3 Ç 2 1 0 6 ■ 1 9 3 3 \ 2  0 ,4 26 .09 .

*"¿rg и-ri w.„ y .l  i.f concrete carote o iLu d uiecl ■ it  core be supposed. , w /./t gervei 

Xf.ron.-J~ ' in  5  H<* r.crocU boJLi C’vLmitoJL.^ 2 0  pot. o f  in  'Vugiit from , m utar . licere- 

/•. ,C L.rj . Jr,j '/tai wtLtjki of sped, »¿ats Sùgnt. 1. a : 125 * Ixoy-i 0,2. US' я» 1ójn SVV
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T able 5 . Fi es h. c o n c r e t a s  ’ d a l a ,  o f i n c d e r t c d  t r o - n ,  fiacca .

I rf/xmg ra teo i
Sene : Signe \ C om p a ction ,С ■ A ‘ W

Unit weight
o t  fr e sh  
c o n c r e t o

4/rnf

C e m e n t  ! Aggregate, h / a t e r

c o n t e r e i , k9/m- •
Dag of 
making 

specimens

i
iit
Í
ÌII

Íi

iI

12  j
1 6  ■' 0, ¿ 7

with s ta m p a 1 7 1  ч 2 1 2 1 3 0 8

1Z wither u t 1 2 3 0

1 7 6 3

16 3 1 0 1 7

13 Mirk, stamper 216 1 1 6 5
1 • 4 -0 ,58 - — . . . Í -.................... ' --- --------- --- -

13 without ; n e i 1 2 6 90S

14 ".
4  • 3 0, S3

with stampa- ! 2 0 4 0 4 5 0 13 5 1

14 w ith ou t : 1 8 1 3 400 1 1 0 1

i ‘S 1
1 ■ 2,5:0,44

with- stamper i 1 0 0 3 '■ 508 117 0
\ - , - •

1 5 w ith o u t 1 5 t  7 3 9 7 9 9 1

16
A : 6  0 ,8 7

with s ta m p a  

W ltturut

: 1 7 1 3 • 1 1 0 1 3 1 8

16 148  7 \ 183 4 1 3 4

17
1 •• 3 -0 ,5 0

with- s ta m p a 1 8 9 4 4 2 1 1263--- . --  .. . . . .  - ---------------- .......................
17 ! w ith o u t 135 6 I 3 0 1 30 4

188 11 .0 3 .  s
1 4 6 2 1 0 3 .  I

1 8 1 i i .  03. !
451 11.03.

235 13.03.

H Z 13.03.

2 2 5 13.03.

1 7  i> 2 1 0 3 .  I

191 1 6 .0 3 .d -

1 6 4 16 03. i

214 26.04.  1

I 
^

• 
^

 i
Í i

¿ 6  03.

Table 4 . Testing dala, of concretes made *nth, nud erial fro-nv fiacca.

i
Í U nit weight Dry u n i Compressive Dug

Strie. Siane j a t  testm-g wecijd * Strength. Of

Í k9/mt Cita testin g
;

't
i i  : 16 7 5 1 5 7 0 3,3

,
0$. W- I

i z  ; 1 2 8 1 4 2 1 3 0 ,5 05. 10.

13 !
1 1 4 5 1 6 4 4 8 ,0 35  10.

Í
A 13  ! 12 4 0 44 77 0 ,7 0 5 ■ 10 j
7

14  ' 2 0 19 1 8 3 4 19 ,8 1 13 .10 . ;

14  : 1 7 0 1 1 b 8 ! 3 ,5 ; 13.10.

IS 19 8 0 1 8 8 0 17 ,4 1 13.10.

1 5 15 19 ■1468 3,6 : 13.10 j

16 16 7-1 15 8 2 4,6 : 13.10■

16 ИЗО 1 3 6 1 1,4 : 13.10 . I
2 . -  --- ►------- ---------

1 7 18 77 1 7 6 8 14,5 ’ 13-10. j

_____ 1 7 1 i1 8 1 2 6 7 i l 13.10-

C aí ■a I.eU t it l a t a :e  T o ld  2 .
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Tubiti 5 ■ Tresh  c o n c r e ta ' à a t .x  o f  m a te r ia l  fram sk a Jo b a .

! | | Mixing ratio
iene 'Signe] ^  „ Compaction

Unii MCl/et 
o f  f r e s ò  

! c o n c r e t e
:

C e  a e r e i  ! i j - r i c  » t a x e r

c o c e t e  u t  t V A) ̂
2ùg of

w fl-j

¡iiecun&'yii

' u i m t'i stamuireg 1 1 4 3  8 473 SÓ3 ; -/52 | 27.09.
r- - ■ 4 : 5  .0 .99 ........... ......  - —

46 ................
,Vct>lOut 8 7  3 426 62$ ! //</ i 27.0$.

i> iviCn stumping 1 2 3 2 ! Z 3 7 829 ; 466 ! 28.09.
4 - 1  b •• <3,7 .. .. -- - T"- - ■

; /9 eretico a ! 8 3 9 1 1t> / SiS~ ! 4 43 ! 28.09.

! io
'

4 : 2, * • ¿> £
*/ù'L ¿camp-rea i l  30 U S ¡7 2 ¿OS ! 23.09.

ì lo */»tn.oXÙ 9 1 6 238 555" ' 493 i 18.0$.
! • ---- ■ f----- ' - -- - - -r — -1  ‘Metri steunfin j 1+ S i 390 8 SS i 2/(3 1 29.09.

4 1 ,1 -O ò -t  t -------------- ♦ • ---- '
! 21 ... ,hl tee,et 9 64 252 553 | /36 j  25.09. 

ì  ¿9.05.! 11
4 ■ 3 ,5 :0 ,7

n/ùtn stampi* g 4 2 9 4 1 239 8 3 5 ! /6 7— ■ -... ..  ’ -- - -■T-- ■- '— ■ -- '-- ' - -t.. - - -22-i.- _ *) 6 1 467 ¿ 8 3 i 41b i 29.0$.

T a ts ie  6 .  T e s t i n g  d a t a  o f  c a r c e r e r e i  m a .< le  m a t e r i a !  t r o n i  S h - x b - o u

'
i
i

! .
! L lru t  xexc/rX Sbry a r e e t Conipressuc M x g

S e r i e | a l : t e s t i n i / nù i . j  H s t r e j i j t i v o f

! i <*/«* *■9, ,< ! t i f a . t e s t i n e /

! i * 14 HO 1 0 7 1 4M 13. i o  ■

r v
- -------------- -------- - .......................-

¿ 4 7 7 8 0 0,1 13 10

1 19 4 1 9 8 1413 1,9 I3.10.

19 7  89 7 5  è 0,1 13 IO-

: 20 1 9 0 $
.... .

12 9 4 6 ,9 13.10-

1 : l à i $ 5 881. . 0 ,5 13 10-

! 24 I>l1b m & 6 ,8 13- i o 

' 24 94 i 8 5 5 0 ,6 t i .  i o

12 1206 1 1 2 2 2 ,V 13.40
1

¿ 1 s r l
1

78 3 C, 4 13 io .

* U C u. . a  / /. / L , J  , ,
~r‘C 1 .
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Íaun  7. S am m ari cinq of in</c¿t¿gcitéd aggregai*, properties

Unit
i м е д  r i t

iii'üit Г  c-<j - 
UCptcùri ___

ß u i - K  J e r i b t .  г у  uc  *>//»•* me u s a r e  J . On

i t 1 o f  г о с  к a t  t e r  P, a 0 - 2 ■ 1 - 4 , 1 ь  4,1ь  - 1 2 , 7 4 2 , 7 - 2 5 , 6  1 2 ,7 -  38,1 iniA t j l X

ift V/Vn ^
h o c r

1.П ¡ I - Г  t  .J hr. m m  p lì r  t  l c L e s

S h t i  h и и. - / ‘7  2 £ ,2 5
1 1 1 6 0 0  5 5 5 6 5 5

H и  - ¿ a  ¿ € Y 4 ¿ 2 1 4 , 0 1 3 1 3 9 7 3  8 1 6  -  1 8 7
'

К а с с а 1 6 6  8
, ^ .

n e t . I ß ¿ 9  1 3 4 4  1 g i ù 1 1 6 0

/:iu!.a 8. Comprc¿sive strength, transformed, to 28 ¿Lags

\ For 28 ■ For 18

ShjltC
J.Uj

. . Tested  
Миног

dags

transformed j S,pe 1L>i*j

Tested,
iiivtsoC

dags
transformed 

ZSLjtfL b'L find.compr. strengt,* 2n. rifu.

vj 
!i

£ 
1

«s 
1

H a.s5a.kc d e p o s i t
r ‘ • 1
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ĉ
fT
j 
hr

 
vo

 F
-'j-

>j
~u

d0̂
rf '
 j-

v/V
?* 

p
w

 -
pv

t’ 
ps

pi
rÿ

o 
jV

To
u-P

O 
n/

S'
dt

vp
o 

dr
<

jsv
o'

ir
vp

'y
 
' £/
 à

p

T
)
!

If nit r„->-ír-f cf cancre:е± t M  *•*, 'т3fvJi
О

£ О  
О  о  
о  о

л.

оо
 ̂ ît 7" ^i *  О  7 ,  О° <- £ ъ оЧ»

J



72

1

f i g .  15. ZcL:ttcon,sfufJ behü ten . c e s t e u i i  c o n t e n t  anuL con.prte>siiã scr te tig én , cLepcnxUAg
en. u.ru-t ruetget o f fresn, uifLcrc.ee. cuuL .cxrrrtf’.LLGeeaft

io. ú-.„.‘ ¿!.s'<u,rbcp b e l■seea, ceob en f; contt/U  a/ui сппсргс/исе btrziugt'o citpa. 
Ort 0,'UC .VKj.ÿfct of dry C O i C c c i c  arrod. C/rn\.f/dLC,li,Ori.

I

I

1



7 3

i r

ri -Чc Л

Fiq. 17 Hardening process of сетлпС иенd. to t'u. int/¿s cl gdt-пгти,

U m e  fJ t i . j td  >,f J-ttf ^T'U-rilc t,a. M ,m ’‘
Fc J  1o. kec„at..(rnc'r>uf) òU ,vuu\y  drtj соп-с-Ых, n r ú ¿  m c ijo J ;  ua, J ,  w m -pm siur.

I  e r t i ! . , J  r  f l  ‘' ,L '¿ à  d d l j î  { '■ .¿ U v J ’U Â c d . )  0 4  ¿ ¿ -" р в ы -  bC



7U *S*.

i

4_IT_N_E_X___Noa_4
Y.HAT TO IfflOW ABOUiPltKHIWEIGHT AGGREGAJjE CONCRETE ?

This paper was written to outlining the most 
important information about li^itweight aggre
gate concretes. Its purpose is only to give 
basis for testing Syrian natural lightweight 
materials for collegues who will be working on 
this field in the future and will finish the 
research begun in September 1931 by the expert 
of UNIDO

1,- INTRODUCTION
The ordinary concrete has many advantages (high compressive 
strength, small shrinkage and creep, resistance to different 
environmental effects, etc) but it has also many shortages 
(small bending strength, heavy weight, great rigidity, bad 
thermal insulation, etc)* To eliminate these shortages, light
weight aggregato can be used for making concrete structures.
Development of li^at-aight concretes has begun in this 
century not only because of their properties but due to do- 
ficieney of normal weight aggregates (river sand and gravel 
crushed stone) in many countries, t.g* in the Soviet Union 
and U.S.A. thure are territories where normal aggregate 
are not available or only from great distances (more than 
from 1000 km) so to spare the transportation costs, uti
lization of local materials either natural or artificial 
became conspicuous*
The natural lightwoi^t aggregates originated from volcanic-*, 
activities: volcanic slags from lava flows and volcanic 
ashes, cinders, pumices or tuffs from eruptions* The 
Syrian Arab Republic has more volcanic areas where materials 
of good quality for concreting are available according to 
the previous geological and technological research work 
(see Annex 1, Chapter 4)*

2f...
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In many cases laymen think that making concrete can be 
easily: cement, aggregate and water should be mixed, 
poured into th,, mould, compacted and after only one duty 
emains: to "aio until it is hardened* This mixture will 
robably be cincreto but it will undoubtedly be uneconomic 

one and ite quality wont satisfy the requirements.
The concrete has pood quality when its properties meet the 
technical proscriptions and it is economic when it is made 
with the suitable materials and by the satisfactory tech
nology.
The most important properties of concrete and not only that 
of the lightweight aggregate concrete are generally its 
unit weight and compressive strength. Of course, there are 
also other important properties but there are in close con
nection either with the compressive strength or with the unit 
w e i g h t .  Such properties are the flexural or bending strength 
the shrinkage, the creep, the elasticity, the resistance 
against environmental effects, the thermal conductivity, 
etc.
The unit weight of concrete is generally in terms of kg/m^ 
and it can be measured on different conditioner immediately 
efter compacting (ur.i u weight of fresh concrete), after 7, 
i;, 28, etc,, "go -(unii weight at testing) and after 
' eying (unit vi i at :>f dry concrete). The unit weight of fr,.sh 
concrete can ,, us,. I for control of concrete quality, Dryin~ 
is necer jury since the waber content of concrete depends on 
the humility of the environment and the water content influeuc 
the unit weight.
The compressive strength (lo:d-bcaring capacity against 
pressing forces) is controlled with some kind of specimens.
In one part of Standards (c,g, in the American o n e s )  cylin
ders are proscribed (15 cm in diameter and 30 cm in height), 
other Standards require cubes (e.g, in the German ones) of 
length in edge of 10, 15 or 20 cm (in some cases of 30 cm), 
Sometir.es prisms arc used for testing compressive strength 
with dimension 4x|.Jfcl6 cm (for c.ment mortar), 7x7x25 cm, 
15x15x10 cm L,tc# (for concretes): first bon ling strength is 
investi"atei then the compressive strength on th„ half prisms.

~*>/• ••



76
- -T-

It is very improtant to know about data found in the lite
rature, what typo of specimen v:as used for investigations, 
because a small cube or cylinder from the some material shows 
higher compressive strength than a bigger one or cylinders 
show lower strength them cubes. It is to be noted that the 
real strength of material is the same only the results of 
investigation change a... to the different types of form.
The conversion fro tor nrmg the different types of speci
mens depends m  .'..my matures (grain-size, cement-matrix, 
rigidity of th- oonci-n be •. etc,) in general:

compressive strength in cube = 1,2 x compressive strength
in cylinder

The compressive strength is usually controlled in 28 days- 
„fter concrete making, this the standard strength. If the 
strength was investigated earlier, the hardening process of 
cement used to the concrete has to be known for evaluating 
results. Cement 350 (according to ISO Standards) has strength 
in different days; in 1 day = G-12 pet, in 7 days = 40-60 
pet, in 14 days = 60-80 pet, in 28 days = 100 pet (at tempe
rature of + 20 °C)0
The process of making concrete economic anl if good quality 
i,e, concrete of prescribed unit weight and compressive 
strength, is shortly as follows:
a) The most suitable materials, i*o. cement, aggregate and 

if it is necessary^ additives have to be chosen, prepared 
in a satisfactory way and measured their necessary quan
tities by v  i ht a . ; . -  rding to the prescribed mixing ratio,

b) The weighec. . . mri- .i ; have to be put into mixer and mixed 
first the c ... t. .mis then added to them the weighed

water continuin : mixin; io the necessary Time#
c) After mixing the mixture has to be transported to the 

working place proventing it from drying, put into the 
mould and compacted with th suitable machine during 
satisfactory period of time,

d) The concrete m  the mould has to bo moistened in a suitable 
way and durir. " required period of tirrra

1/



As it can be soon in those sentences there are more attri
butives, suitable, satisfactory, necessary, repaired etc., 
These attributives indicate the parts where attention has 
to be paid to making concrete because at these parts it has 
to act under c. in rules. By means of those rules, the den- 
si ;y and compim/:i\ _ strength of concrete can be influenced 
and regulated.

2,- RULES OF PDODUCIKG LIfflTVffilGHT AGGREGATE CONCRETES 
2.1 THE MOST SUITABLE MATERIALS HAVE TO BE CHOSEN 

2.11 Cement
The cement is fine ground hydraulic binder, i.e, 
mixing with water it sets and hardens cither on 
air or under water. The mixture of cement and 
water (so called: cement-paste before setting and 
cement-matrix after hardening) sticks the sand 
and gravel or other aggregates add.d to it and 
this sticked compound will be after its hardening 
insoluble in water.
The hardening process is the result ef hydrolysis 
and hydration. During hydrolysis the minerals of 
clinker dissolve under the action of water ions, 
the onides r.im transformed into hydroxides. The 
hydrolisis ends when water becomes saturated with 
the presets of hydrolisis and with Ca (OH^*
During the hydration, different hydrosilicates and 
lydroaluminates come into being and temperature of 
concrete increases because the hydration is exo
therm process.
To this hardening process, water and temperature 
above 0°C are needed, tonen the concrete dries up 
during setting of cement, the hydrolysis stops, and 

; concrete looses its strength.
When the temperature decreases below 0°C, the water 
in solution freezes and hardening process will be 
suspended,

77
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When the environmental temperature is too high 
(above +30°C), the hardening process becomes 
faster, the temperature of concrete increases 
fastly, the concrete dries up easily«
To make concrete in hot climate, cements of slow 
setting are advisable*
The rtren-th of concrete depends on the strength of
- emend: the stronger the cement is, the higher
strength tii,. concrete has. Standards of different
c luntries prescribed different methods for testing
cement quality, therefore the trade-names of cements

of the same quality could be different« Recently the
testing method of cement has been unified by ISO
(international Standard Organization) and trade names
o' cement became uniform (signes: 250, 350, 450
and 550 which figures represent the compressive
strength of standard cement mortar in 2o days in 2terms of kp/cm ). With cements of different strengths 
can be produced ordinary concretes of strengths 
uncording to Tabic 1 (made with quartz sand and 
•■/ravel).
In the Syrian Arab Republic cements .f 350 arc gene
rally available*

2,12.Aggrogate
Aggregate is used to concrete for sparing cement 
and i: .proving concrete properties. The properties 
of ag -re -ates influence both unit weight and com- 
pressiv . tr .ivth of concrete.
Unit -.v,.i /ht is influenced by the weight of aggre

g a t e  (first and for most by the bulk density, see 
Annex 2 ,  Chapter 2). The lighter the aggregate is, 
the lighter concrete can be produced. Some data can 
be seen in Table 2.
Compressive strength of concrete is determined main!" 
by tile crustiness and n"> ang of aggregate. The 
strength of the aggregate influences also the con
crete strength but, its effect is of less importances

6/ • •  •



E,g. compressive strength of 40-50 MPa can bo reached 
both wath expanded clay end quarz aggregates although 
the strength of expanded clay grains is only about 
tenth part cf that of quarz gravels.
Investigation raethods of aggregate strength are des
cribed in Annex 2, Chapter 2, The results of this in
vestigations are characteristic also for crustiness of 
aggregate grains. These properties of natural aggre
gates (strength and crustiness) are gin^n, therefore 
grading is the only feature which can be modified 
or rath r improved.
The gradin - mans the proortion of different grain 
sizes; what quantity can be found in aggregate from 
grai is of 0-0,1mm, 0,1-02mm, 0,2-0,5mm etc. This 
grain distribution of aggregate can be illustrated by 
grading curves (examples are shown in Annex 3)* The 
forms of grading curves can be seen in Fig, 1*
The form of aggregate grading influences the properties 
of fresh and hardened lightweight concrete as 
follows:
a) lf the grading is similar to the curve of Fig, 1,A 

(little quantity of fine grains), the workability 
of concrete mixture is generally insufficient, the 
t l ; ref ore both unit w.i irb and compressive strength 
viry in lower range.
Usually such grading is used to th !:no fines concrete" 
’ hich is utilized to cast-concret., ,7cr wall cor- 
; tructions made in site,

b) lf the grading is similar to the curve of Fig, 1,13 
-(big \ jr quantity of fine grains), the workability of 
conceal;, improves, therefore both unit weight and 
compressive strength increases. Usually such grading 
is us., 7 to 1, . 7 bearing constructions made with 
light Wei iit aggregate concretes,

e)If th. , .grading is similar to the curve of Fig, 1,C 
(gap grading), the density of concrete increases 
though the workability does not improve, since the 
mixture is incline 1 to ooggregation.

7/..«
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In some cases, utilization of such .grading cannot 
be avoided, e,g, when lightweight aggregate can 
only , produced in coarser grains (e^anded clay) 
and for producing cement mortar in enough quantity 
supplement of natural sand is needed*

d)lf the grading is similar to the curve of Fig, 1.D 
(irregular curve), the properties and design of 
concrete become uncertain.

The correct grading depends on the given properties 
of lightwei ght aggregate and the required properties 
of concret therefore to determine it exactly, research
work is needed.
Usually gradings according to Fig* 2 are used to the 
investi ¿ations:. With every grading the sane nixing 
ratio sh .ouid be utilize'.. (e,g, 1:4:0,C). Water content 
cai b determined according to water adsorption of 
appro gvte (in the example water absorption is 20 pet 
b y  wo_.pht, i*o. to aggregate of 4 part by weight, 
water of 0*3 part by weight can be added).
The mixture should be compacted by the sane method 
(e.g, on vibraxin ? table) and compressive strength 
should b. i . tod in 28 days. On the basis of results, 
the suit nil,, -r .•ling of aggregate can be determined. 
Usually, compressive strength of concrete made with 
aggregate of 10 pet from 0--1mm is the lowest, Increasin 
content of 0-1 nrn grains results at the -.beginning 
incr rising in compressive strength, after r-.aching the 
opti ium the compressive strength decreases.
The optimum content of 0--1ram grains -lepends also on 
the mixing ratio. The tendency can bo seen in Fig, 3 
The goal of investigation of aggregate grading to 
cst:blish the real drta of relationship shown in 
Fig. 3, which is the basis of the further research 
word (see later).

8/..,
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2,13 Admixtu .-ss
Tho pro serties of concrete can be influenced by ad
mixture?. Concrete admixtures axe special chemicals 
added to the batch before or during mixing. The quan
tities used are, with few exceptions, very snail, never- 
thlese they can impact certain desirable properties 
to th concrete that cannot be secure" by other methods 
or no ; as economic ally*
The n >: t frequently used admixtures ar: :
a) acc jlarators to increase the rate of setting or the 

rat 2 of hardening or both at early aps, including 
son? of the soluble chlorides (primarily calcium 
chloride), car onates and silicates

b) wator re booing and set retarding admixtures to re
duce th*, .ter requirement of concrete, or to re
tard tin set, or both, including 1 ignosulfonic acids, 
h; s xyl.otcl carboxylic acids, carbohydrates, polo Is, 
<~n ¿he salts and modifications of these (primarily 
calcium lignosulfonate)

c) air-entraining admixtures to introduce a system of 
sir 11 air bubbles into the fresh concrete during 
r.’i:img, usually anionic wurface-active agents

d) fi:.!ly divided mineral admixtures to increase- the 
ch ;nical resistance of concrete, reduce the heat of 
hylration, reduce expansion produced by alkali-aggrc- 
grbo reaction, improve the properties of fresh con- 
cot to, and so on, including natural and artificial
po ; solans (primarily fly ash), hydro lie lime, blast 
furnace slag, and ground quartz*

It ; important to recognize that admixtures are no 
sub 5 tituto for sound concrete-making p metices#
As . matter of fact, the proper utilisation of admix- 
turt s requires inc.-eased care, for instance, in 
bat ihin-, Tho ctii r aspects of the concrete-making 
procedur . . . oui1 . Iso be kept as constant as feasible#

9 / . . .
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Siru o ;...uiy admixtures affect more than one pro
perty of concrete, sometimes affecting desirable 
properties adversely, and since these effects may 
be epondent on several factors (brand and type of 
con ait, etc) and since the machanism of action of 
most admixtures is not quite clear, in using any 
admixture, careful attention should be ;-iven to the 
ins¿ructions provided by the manufacturer of the 
product* Also, an admixture should be employed only 
alter appropriate evaluation of its effects, if necOS
S'; $ by use of trial mixes with the 3 irticular con
crete.
The most important additive for li -htwe-i silt aggregate 
concrete is the air-entrainer. This chemical improves 
the v.n rknl ill 3 . i,e, the nobility, the cohesivily, 
the v t :-retention and coupactibility of the fresh 
concnh. .a .11 as it can substitute the very fine 
agrro it., particles (below 0.2mm) . The air-entraine rs 
’iin.- into beings very fine air-bubbles is not as 
hi/h as 5 pet by volume, the compressive strength 
of th>. hardened concrete is improved too,
Th., a.ir content, size distribution of air voids in 
an air-entrained concrete and the compressive 
strength are influenced by many factors, 'among the 
marc improtant of which are :
a.)the nature.-, and concentration of air-entraining 

admixture(for information see Fig. 4)
I )the nature and proportions of the ingredients of 

the concrete (for information See Fig. 5)
c)the type and. duration of mixing employee, (for in

formation Sue Fig. 6) 
l)tile consistency
.) temperature and other factors influencing the 
setting time

f)Icin'! and df>-'v’oe of compaction applied in consoli
date th'. i morete.

10/...
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Before tii- utilisation of air-entrainer to making 
lightvn.i lit aggregate concrete, experiments arc 
noodec to clear the above effects* It is advisable 
to us:» for these investigations aggregate grading 
determined by testing according to Fig, 2 or 3 and 
mixer, which will be used for producing concrete 
in situ,

2,2. THh IhSIC MATERIALS SHOULD DE PREPARED IN A SATIS
FACTORY T7AY______________________________________
No trouble exists with preparation of the cement 
and admixtures, since they arc prepared in and 
transported from the factories. The cement should 
in the working place be protected from every kind 
of humidity. Namely the cement be.-ins to set when 
it i. touch ' by water or by humidity of air and it 
can utili^-d nevermore.
The • .ti >n of lightweight aggregate means
crushi:i- and .vcrooning. There are some aggregates ~ 
perlit-, certain types of scoria or pumice, expan
ded clay, etc, - which do not require crushing and 
screening, they arc utilizable in their original 
statn. If the original material is grnnulous, the 
fine grains (0-1mm) are, however, not to be found 
in it, it must not be erushed for getting powder, 
but other fine grains (e.g, limestone sand) should 
be employed. This is the case for material of 
Shahba.
For choice of the suitable crusher to the lgiht- 
weiglit aggregate, it has to be known that freq
uency distribution (probability curve) of the grains 
of crusb>. d mo to rial i.s generally lo pari thmic-normal 
i.e, it is inclined to the left ...n, shifted - more 
or loss - towards the axis of ordinate (see Fig,7A),

1 1 / * * .



гц
-  v t -

But it is for materials crushed by equipments in which
many crushing effects hit the grains (mills and fine grin
ding machines such as hammers) only® When the material is 
crushed by any other type of crushers, grain-size distri
bution of materials will be - although somehow regular - 
bit different from the Pig® 7»A* Rocks crushed by conic or 
j iw crushers have a Gauss-type frequency distribution (sec 
Pig® 7®B), while rollers (working at a low crushing rate) 
give rise to right shifted frequency distribution* The 
latter is demonstrated by Pig. 7*C*
As a practical conclusion of the auove rules it can be 
stated, that
a) hamm^.rs and giratory crushers are to j«. pref~ .red when 

at l>.ast 40 pet by weight of fine material(0-lmm) is 
needed

b) al iout 30 pet by weight of fine material can be produced 
by crushing on jaw or conic crushers

c) high percentage of coarse material can reached by 
using rollers and the quantity of fine material remains 
to be little

For choice of crusher, on the one hand the above rules 
should be taken in account and the results of investigation 
according to Figures 2 and 3 on the other®

2»3®THE NECESSARY QUANTITIES OF MATERIALS HAVE TO BE VU3HED 
The most important two requirements for lightweight aggre
gate concrete are the relatively low unit weight and the 
relatively high strength, but these two properties con
tradict each other®
There is namely existing a general relationship between 
unit weight and compressive strength as it can. bo seen in 
Fig® 0® According to this Figure, the highest the unit 
weight is» "the higher the compressive strength*
In this general relationship, however, many special re
lationships arc included* Some examples:

12/...
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- the relationship between unit weight and compressive 
strength depending on cement content is shorn in Pig* 9

- the relationship between unit wei^it and compressive 
strength depending on aggregate grading (in terms of 0-1: m 
grain content in pet of aggregate wci^it) is shown in 
Pig, '0

- the relationship between unit weight and m. rcssive 
strength depending on water content is shown in Pig, 11

Such special relationships can also be determined for othm 
features, o,g, for type and quantity of admixtures, for 
mixing time and method, for compacting methods, etc
Primarily the relationship between cement content and unitmixing ratioweight depending on ijnrt-t: w i ghft should be determined by 
method described in Annex 2 (Chapter 3 and Figures 4 and 5)« 
To this investigation grading of medium fine content is 
adxisal .i.(about 30 pet by weight). The m.thoc! includes also 
the investigation of compacting effect.
For de to mining the suitable mixture, it mould be taken in 
account that lightweight concrete must be produced with 
unit weight less than or equal to the pmsc abed one and 
with compressive strength hitler than or equal to the re
quirement, d, if th,. prescribed quality is in compressive 
strength lOI.iT. on! in unit weight 1500 kg/râ , the real 
quality must be;
in com massive strength Re lOMPa
in dry unit weight Sd 1500 kg/m^
The composition of concrete can be calculated as follows:
- cement content (m in kg/m^) can be determined on the 

basis of relationship according to Pig, 5 in Annex 2,
- water chemically bound by cement can be assumed: 
nwb = 0,2 L1c in kg/m^

- aggregate content (raa in kg/m^) from the rpescribed dry 
unit weight (Sd): na = Sc! - (mc + 0,2 mc> = Sd - l,2mc 
Unit '.'/eight of fresh concrete (Sp) can be calculated
from the aggregate water uesorption in part by weight)

ri , . m„ wSx — d + c +■ ci# cX

3 / , . .
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E x a m q 1 a
Requirement in conpeessive strength is : 3c = 15 MPa 
Requirement in dry unit weight is: : Sd = 1600 k^/h3
Water abscrptivi of aggregate in 0*5 hour (according to 
previous investigation) comes to 15 pet, i.e. Wa = 0*15 
Demand in c orient content for fulfillin • the requirement of 
Rc = 151-5a compressive strength (according to the previous 
investigations) comes to : rac = 300 kq/m3
Aggregate content should bo: ma = 1600 - 1*2.300 = 1240 k■r/.r> 
Unit wei ;it of fresh concrete is:
Sf = 1240 + 300 + 1240* 0,15 = 1726 kg/n3 - V7*,0 
Mixing ratio (eenent:aggregate:water) =

300 . 1240 - 186
300 ' \Ш~ ' 3(5o 1 : 4,13: 0,62

It shoull be mentioned that the quantity of concrete in
gredient з can be expressed in two ways as it can be seen 
above: ii terns of kq/m3 (concrete conpesition) and in terns 
of part o r weight (mixing ratio).
Prom the same mixing ratio many concrete compositions can 
Ieriv„ vii.ch depend on the compacting effect, i.o. on the 
unit weight of fresh concrete. E.g. the nixing ratio is 
as above:
1: 4,13: 0,62 and th- unit weights of concretes made with 
this mixin :• .io ’art compacted differently: 1200, 1400 
and 1600 k: /v3.»
The concrete compositions are as follows:
Unit VUA ht Cement Aggregate Water

in k;' /m3 c о n t e n t in kg/rn3
1200 200.7 061.9 129.4
1400 243.5 1005.6 150.9
1600 270.3 1149.2 172.5
Calculibion of concrete composition from the nixing ratio 
and th; Lanit weight of fresh concrete is as follows:

1 4 / . . .
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Amount of parts in weight has to be calculated and the 
unit weight of fresh concrete has to be divided with this 
amount» With the quotient, each part (by weight) has to 
be multiplied, E,g. calculation of concrete conposition

For ini 'relation, compositions of lightwoj ht concrete made 
with cliff „-rent aggregate are shown in Tab.; s 3, (from the 
Hungarian Gode Practice),

2,4 INTOEDII NTS OF CONCRETE HAVN TO BE MIXED IN SUITABLE WAY 
Mixing is used to transform the granulous materials into 
homogeneous mixture. Heap of dry materials (aggregate and 
cement) consists c i  ifferent grains and air between grains 
i*e, it can •■‘onsibred as a preliminary compaction.
With mixing is oar. ’a ;  obtained that the water would cover 
grain surfac.s of a;-negate rnd cement, hereby it dec
reases internal frictions and gives the necessary humidity 
to setting and hardening cement.
The nixing is effective if
- its carrying out is needed relatively short time
- ingredients of concrete are moving on forced course
- finishing the mixing, only a few air remains between 

the -rains
- ingredients (cement and aggregate grains, water and per

haps admixtures) are divided homogeneously in the mixture
The necessary mixing time is determined ’ y type of mixer 
therefor., it is advisable to btermine 1 r, irial mixing.
At this investigation not only the avorag compressive 
stren th but also the standard deviation sn iuld bo con

Som« results of such investigation ( carried out in Hungary) 
can be seen in Fi 11,

from above data for 
Amount of parts 
Quotient 
Cement content 
Aggregate content 
Water content

1+4,13+0,62 =5,75 
1400: 5,75 = 243,5 
1. 243,5 = 243,5 kg/m3 
4,13. 243,5 = 1005,6 kg/m3 
0,62. 243,5 = 150,9 ky/m3

trolled.

15/. .
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According to td-se r.u-'alts, mixing of vnrv short time 
yields very hi a standard deviation: it comes in control
led mixer to 35 pet, tut in free fall mixer to 60 pet at 
mixing t:,: e of 10 s. At this short time, a low compressive 
stength c:m te attained only. At increased mixing time, the 
results income tetter tut in free fall mixer it has to be
taken care of the too I ->ng mixing time too*
Pig* 11 shows relationship for one conrote composition 
(cement content of about 200 kg/ra^, medium fine grains 
(0-1mm) content. If the composition changes so does the 
standard deviation and average compressive strength too, 
E,g* if the quantity of fine grains decreases, the standard 
deviati >i. will increase because of decreasing the fresh 
coneret ; cohesivity,
It has so be mentioned that the load-bearing capacity of 
construe',ions depends both on average compressive strength 
of thei ~ material and standard deviati^-’ of compressive 
strength. 1 1, can be supposed that the compressive strength 
has generally Gauss-type frequency distribution according 
to Pig* 12. (a n; stribution)* If the standard devi
ation of C e . s s o r  . strength is signed by S (in MPa) ancT 
the average m. on- :ive strength is si ned (in MPa), the
values 1 'Ion :in ■ eo tb - dif ’arent prob ability levels are;
p r o b ' X b  .lity l _ V e l % Rfc = Rc - 1,645* S
prebab llity l e v  . 1 2,3# Rfc = Rc 2.5
probability l e v e l 0 ,4 $ Rfc = Rc - 3,4 S
according to the Gauss-function.
Rfc (so called treshold value of the compressive strength) 
means the permissible lowest strength, below which deter
mined percent of the real strengths can occur (e,g, lowerpstrength than ic = Rc-i,645»b can occur with probability 
of 5 jet,),
Ihe m  to date calculation uf load-bearing capacity of the 
cons'¿ructions is las,ml on probabilità a, nciplos (in gene
ra'1 th,. treshold vai' ■ bel'- aging to the probability level
of pet is aec ..ptedjlj

1 6 / * . .
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therefore kr.ov-lodgo ox the standard deviation of compres- 
: _ve strenui, is indispensable, Its necessity can easily be
c xnp r eh endec by on example:
Two conoret series hav^ the same average compressiveT?strenna.: "(-1 and c2 = 20 MPa* Compressive strength of on^ 
of them fluctuates between 15 and 25 MPa, that of the other 
fluctuates between 10 and 30 MPa, Standard deviation of one 
of them comes to S1 = 1,5 MPa, that of the other comes to 
32 = 2,9 MPa* It is obvious that the first concrete has 
higher load bearing capacity than the second one because the 
first has more uniform quality, The fcreshold values of the 
compressivo strength (at the probability level of 5 pet) arc: 

Rfc1 - RC1 -  1 ,645.  ? 1 = 20 - 1 , 6 4 5 . 1 , 5  = 17,5 MPa 
Rfc2 := Rc2 - 1 ,645.  S2 = 20 - 1 , 6 45 . 2 , 9  = 15,2 MPa

Mixing of ditweiqjit aggregate concrete is very similar to 
that of th : ordinary concrete. The literatur. suggests the 
prò-satura-;: ng of the lightweight aggregate. Its reason is, 
that though -vat or absorption of lightweight aggregates is 
generally mick, it continues, however, more minutes*
If dry agger-gate is put into the mixer and th.r the water, 
tl water absorption ' •- 'ins but it does not finish in the 
m. ter. In thi. c .. e th.. concrete can lose slowly its work
er Llity and Ir . tee when its compaction is begun, the 
u icrete i'-- already so try that it cannot bo converted into 
lenso*
The pro-saturated aggregate contains the necessary quantity eh 
water, th anafore it is not needed to add more water in the 
nixer.
The pre-s ifcuration of volcanic lightweight aggregate is, 
however, ia general not necessary,

2.5 THE CONCIATE HAS TO PE COMPACTED WITH SUITABLE MACHINE DURING-
SATISFACTORY TIME____________________________________________
Thu impo- banco of compaction could be seen in Annex 2#, in 
Figures 4 and 5.
From tin .joint of vie-,v of compaction, the workability is 
th> most important property of the fresh concrete.

1 7 / . . .



Th
en

 s
fe

um
em

 f
rom

 th
e s

am
e, 

to
ne

re
te

 m
ix

tu
re 

<*
ill 

be
m

ad
e. 

*è
ili  
il« 

¡'m
en

. 
ca

mp
ae

tù
n-

q «
ac
Kù
e 

*na
 a

ft
er
 ,
 .
 

, ,
sm

éò
th

in
f ,

 t
hé

lr 
un

it 
wi

ll 
fce 

til
eu

 In
i e

d 
(S

f k
% “

/m
fJ

90
-  v r -

The worka ility can be investigated with many different
methods -v ich can be divided into following groups:
a) investi ;ation of fresh concrete, deformation (Abrams- 
method)

b) investi ;ation of fresh concrete’s readiness for eompactin 
(RILEI -llanville method)

c) invos'h‘ ;ation of penetration degree od omc heavy, solid 
body ;.r to the fresh concrete (Graf-method)

d) invess: ;ation of transformation degre■; od the fresh con
crete Powers - method)

The flesc: iption of these methods can be "ovnd in technical 
litcrafru:*e, Here c ip one method will be discussed: inves
tigation p .■o ‘-re s" fresh concrete’s readiness for com
pacting.
After mi: in ■_« from, f r sh concrete samples should be taken 
out an.: i'.ensured its bulk density. For the investigation 
the moui :s (cubes or cylinders) can be used in which the 
coneret j specimens will be made. The fresh concrete should 
poured i ito the mould loosely and the upper part of the 
coneretj should be smoothed without compacting. The loose 
concrete in the mould should be weighed and the' bulk den
sity of the corcrete should be calculated (Scb, in kg/rn̂ )-, 

"̂ The reaciness for compacting (in pet):
Cr = gf - Scb , 100

r<  1-O C .
Conoret : readiness for compacting oxprcf .es, that - after 
the gi/;ii compacting - with how many percentages the fresh 
concrete r/ill be heavier than without compscting.
The alevc outlined method is similar to the RILEM-Glanville’s 
one bi a the KELEM-Gimville method uses a compacting machine 
to obtain a maximum density (i,e# theoretic: ally ideal com
pactin'; machine r....ily), the outlined method uses practi
cal compact. mad n, which is generally used in situ, 
Novorthelo;r,r i f  n n  concrete has good workability for one 
type of compacting machines, it does not indicate, that tin. 
same asneret- lias also ."ood. workability when other type of

9 9  9
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Thi3 is why the: here outline.! method is prvforcd to the 
RILEM-GlanvJJLle one*
During compacting, the air-bubbles are expelled from the 
cement paste of concrete, the aggregate particles are going 
to come close t_. each other, the cone rot. density and its 
compressive strength increase. If compacting time is short, 
the above written process is interrupted, concrete does not 
obtain the prescribed strength. If compacting time is long, 
it can bo observed two faults. One of them is the flowing ov.t 
the cement paste, the other is the too high unit weight of 
concrete. As it was mentioned in Chapter 2*3, the required 
water content was given from result of aggregate water ab
sorption, It should be completed here taking into considera
tion the compacting process.
Concrete readiness for compacting depends on grading of 
aggregate (primarily on its fine content), on the quantity 
both of cement and water. Easy to realize: the easier is 
compacting granulouse materials, the lower is the frictional 
force among the particles# Together with th.. fine grains 
(cement and aggregate below 1 ran) the water .gives possibi
lity to decrease the friction. The higher is the water con
tent, the lower the frictional force is i.o, the loss com
pacting effect (capacity and time) is needed. It can be 
seen in Pig* 13?• when in the sane cement: aggregate mixture 
the water quantity is increasing, by unchanged compacting 
effect the density is also increasing till the optimum 
point, but using more water leads to decreasing in density.
The relationship between water content and compressive 
strength can bo seen in Pig, 14 for different aggregates by 
using the same compaction# For the sake of comparability, in 
the Pig, 14 the ordinary concrete can also be found# Prom 
this Pig* can be stated how the water content 'influences 
the unit weight and compressive strength of different 
lightweight aggregate concretes.

1 9 / * » •
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2*6 TKB COMPACT 3D CONCRETE SHOULD E5 CURED SATISFACTORILY
To settinr and hardening cemcu water is required. In the 
first sotti it period, the water added at it. .’ tng is satis
fying, hut /hen the water has evaporated, ewL^in^ and harde
ning process of the cement would be interfiled* Therefore 
it has to l.e hindered drying by keeping th vet conditions 
by watering.
Its length, of time dr ends on the air humiuit. , sunshine, 
wind etc, Th. prr.script! .ns require in general curing of 
it nimum 7 days,
L king concrete speci. .„ns in laboratory id investigating 
tueir coup \ission strength, curing is also required. It has 
to be kno/vn that the water content or humidity of concretes 
influences their strength in two ways:
a) some types of aggregates (principally materials with raw 
clay content) are smoother in wet than in dry state; 
iherofere concretes made with these ag—negates are weaker 
in w~t than dry conditions

b) testin{ results of concrete specimens depend on surface 
humidity of conciete, because friction comes into being 
between the pressing plate and the concrete surface. The 
lower -;3io t e s t e d  compressive strength j s  oven if the 
real compressive strength is die same.

Therefore it should bo taken c a n  of equal humidity of 
specimens by keeping curing . nclitions oqac l,
Curing of lightwei$it aggregate concrete is generally: 1 day 
(maximum 2 days depending on strength) in moulds under wet 
clothes or in fog ch or (air humidity greater than or 
. iual to 96 pet), aft r faking out from the moulds they are 
■ .it in water. Two f ir days before testing, the specimens 
ee’e taken out from th... water and stored at dry conditions 
(maximum 65pctt, air humidity) up to testing.

20 / .  « .
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Intention of information in Chapter 2,1 - 2.6 was to establish 
to màiie evident the program of investigations of Syrian light 
weight volcanic materials presumably suitable for making con
cretes* It secreed to be necessary to summarize the mosrt impor
tant information because the expert of UNIDO stays in Syria 
only to the end of October so the finishing the investigations 
end evaluating their results are charge of Syrian counterpart*
3,1 PURPOSE Of INVESTIGATION

The purpose of these investigations to compare the propert
ies of lightweight volcanic materials that can be found in 
r. m y  parts of Syria for selection and on the basis of results 
to choose the most suitable materials for building industry.
The previous estimations established that these materials 
should be primarily considered for producing concrete so the 
investigations shall be concrete technological ones*
During' these investigations should be determined the using 
fields of materials (for load-bearing constructions, for 
masonry-units, for thermal insulating products) as well as 
the main parameters of technology to be employed to pro
duction.

3.2 METHODS OF INVESTIGATIONS
The methods employed to investigations of aggregate should 
be based upon RILEM rccommandutions (Reunion Internationale 
des Labcratoires su: les Essais dcs Materiaax et des 
Constructions, Paris), The methods employed to investigations 
of cono - to tochnolO;gvr can bo recomraanded to base upon 
system developed by author (see in Annex 2)*
At this time there is no suitable laboratory in Syria for 
carrying out thu irruati gat ions. The laboratory of Ministry 
of Communicati -,n has only a few moulds, there is no crusher 
screener and nix.r and the storage place for specimens is 
close (for a at 30 suacimens only).

- 1 / • •  •
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in the Industrial Testing, Research and Development Centre 
there Is not concrete laboratory, Mr. A. Bozanoi'c, expert of 
UNIDO, has suggested in his Report (Terminal Report on As
sistance to Development of Building Materials, Sl/SYR/76/001, 
Damascus, 20 Oct. 1970) to build up laboratory of concrete 
technology and so has did Mr, Z, Prijic, expert of UNIDO 
in his final report (DP/SYR/77/004/l 1-17A/3 ■' " Damascus 
December 1900).
Direction of Research Centre wants to equip this laboratory 
in the near future to which Report of Mr, Bozanovic contains 
recommendations detailed. The investigations can start after 
having equipod this concrete laboratory. Author suggests to 
carry out the investigations in the Research Centre in close 
co-operation with the general Organization for Cement and 
Building Materials. The instruments, which rill be available 
in this new laboratory for testing, can modify the prac
tical pcrformane : of investigations but without any modi
fications of their theoretical basis,

3.21COMPARATIVE TESTING OF DEPOSITS
For comparative testing, samples should be talc n out from 
different deposits of volcanic material. In Annex 3, material 
of three deposit' (Hassake, Racca and Shahba) can be found. 
According to the information, Syria has more volcanic de
posits (e.g. near Adra) and in one deposit, more types of 
material can be found.
It can be suggested to carry out investi entions of every 
type of material as follows:
a) testing bulk density of materials on grain sizes of 0-1, 

1-4, 4 -8 and 8 -1 6 mm (according to US0 sieves)
b) testing strength of material particles on grain size of 

0 -1 6 mm or 4-8 mm
c) testing crushability of materials by jaw crusher in labo

ratory scale (with investigat:on of grading of the crushed 
materi ol)

d) tostin water absorption
e) tes tin : unit v/eî it and specific gravity of the rock.

22/...



9 5
-  a r -

Results of testing bulk density shall bo plotted against 
results of testing self strength (strength of particles)#
In Pig. 15 the sketch of this relationship can be seen#
This Fig. gives the basis o-' evaluation, because it is ad
visable to choose materials of low density and simultaneously 
of high compressive strength for detailed investigations#
Of course for choice of materials for detailed investiga
tions, th : estimated volume of deposit and the transport
ation distances and possibilities should bo taken into con
sideration.
According to this evaluation samples of big quantity (at 
least 5 m^) should bv, taken out from suitable deposits for 
t sting concr.t. technology and properties of concrete#

3.22T. 'CHNOLOGI CAL IIJVESTI CATIONS
Tlie technological investigations should be carric d out with 
big sampl ;s (at least of about 5 m^)# The object of these 
investigations is to determine the technological behaviours 
of th e material, the method of producing concrete and the 
properties of concretes# 
a)Ereparafory Work
The raw material arrives for the investigations in rock 
slumps - apart from a few exceptions- therefore the mate
rial has to be crushed# The choice of the crusher to the 
big samples depends on the result of previous investi
gation of crushabi.ity (see 3.21,C)# Three results are 
possibDe:
a) the ground material had fine grain (0-p.m) content 

of about 30 pet; in this case, jaw crusher should be 
use L for grinding the big sample#

b) the ground material had fine grain content loss than
30 pet; in this case, hammer or giratory crusher should 
be used for grinding the big sample

c) the grouu1 material had fine grain content more than 
30 pet; in t.iis case, roller should be used for grin
ding the big sampl,,.

2 3 / •  •  •
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(cp. Fig. 7». After crushing, the material should be screened 
on the siev j of 16 mm*
The properties of th,. crushed material from the big sample 
f .ould be investigated according to Chapter 3-21
/General Investi ;auicn
As a result of thpreparatory work, aggregate is availabl- 
wit.* maximum grain size of 16 mm and fine content of 
about 3C pet* With this aggregate, concrete mixtures shall 
be made for getting the relationships shown in Annex 2. 
(Figures 4 and 5)*
The mixing ratios depend on the bulk density of the 
aggregate heap* Such mixtures are required to make from 
which concretes with cement contents of 10 0, 200, 300 and 
400 kg/rr’ can be produced without compaction. For infor
mation:
- if t l . bulk density of aggregate (measured on 0-l6mm 

heap) comes to about 1000 kg/ra^, th.. proposed mixing 
rati)s (cement: aggregate) are:

1: 11, 1:5, 1:3.3 and 1:2.5
- if t.n bulk density of aggregate (measured on 0-16mm 

heai ) comes to about 600 kg/rn̂  the proposed mixing 'r 
ratios (cement:aggregate) are:

1:6, v3, i:2 end 1:1,5
While the oei ut content of concrete made vithout com
paction is 1 - t . .** or equal to 300 k^/m^, the mixing 
water can b. uepuai to the water absorption of the aggre
gate. i m  cement content becomes more than 300 kg/rn̂ , 
th( vv: tor content can be increased by 15 pet of cement 
exces; . E.g* water absorption of aggregate is 20 pet, 
composition of concrete is:
1200 k of aggregate, 400 kg/m^ of coùc^t. The mixing 
wat^r ‘w - 1200.0,2 + (400-300),0,15=240+15=255 kg/rn̂ *
In this case the mixing ratio is: 1:3:0,6375 
The quantities of ingredients (cement, ag.grcgate and 
watt*:1'' to one mixture can be calculated from the mixing 
ratio, the volume and the expectable unit weight of con
cret, specimens«

2 4 /
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E#g# if 12 cubes of 20x20x20 era will be made from one 
mixture, tie mixing ratio is 1:3:0,6375 and the expectable 
unit wcigliJ of concrete is 1600 kg/m^, the quantities of 
ingredients are as follows:

which vili be raised to rac-lco a round figure and taken in

The calculated quantities of the materials s ìould be weighed 
and mixed in c j..trolled mixer during 90 s# First cement 
ind dry aggregate are mixed during 30 s then water is ad- 
led to re 1 nixing is continued further 60 s.
Fror. each mixture, 4x3 specimens shall be made. The first 
three specimens will be made without compacting: the mix
ture vili bopoured into the mould and cleared clown its top 
with metal, ruler without compacting too. The unit weight 
of specimens (i#e, the bulk density of fresh concrete) will 
be measur ;d#
The second t h r e e  specimens vili be made with the strongest 
compacting which can be applied altogether. After compac
ting tl <_ top surface will be smoothed and the unit weight 
will be l ensured#
Between ■h e s o  two unit weights (lowest and highest) two 
intervie l .ate unit weights shall be chosen. The appro
priate >ncrete quantity will be weighed and compacted 
into the mould (appropriate quantity means the quantity 
which is in accordance with unit weight and mould volume)#
The compressive strength of specimens will 1. j investigated 
;.n 28 cliys, I:. possession of results, the relationships 
According te 4 and 5 Figures in Annex 2 can be draws#

volume >f 12 cubes 
weight >f 42 cubes

12#8 = 96 dm^ 
0j096#l600 = 153,6kg

account the losses 
sua ci parts 
cemend quantity 
aggro cte quantity 
water cuantity

= 170 kg
1+3+0,6375 = 4,6375 
170:4,6375 = 36,66 kg
36,66.3 = 109,97 kg 
36,66#0,6375 = 23,37 kg

2 5 / . . *
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o)Betailed lechnological Investigano»
In thè eourse of dettilod teeh&ologieel investi getions tic 
effeet ed foUsdni factor» ahould te t«teii 
X effeet of aggregate fine contoat 
XX effeet ef water contrat 
GB effeet ef tir entrtincr odmixture
I Sffect of aggregate fine oontent

Genomi Information era be rara in IL?., 16, tiare date 
of researeh earried rat by autior (in Ilongarlan Insti« 
tute for Building Scianco*, Budapest) aro altera (aggrc- 
gate* blaat foranee alce: eruobling factor of Kummel: 
0,03; bulk density of aggregate* 760 kg/iô i 
Bte effeet of aggregate fino oontent can be investi« 
gated sita Ciff-r̂ nt concrete coapositions end with 
tlte sano ccnpactin? method (higiest compacting effeet) 
Sto foli ari: 1? ,/̂ -aing e» be suggestedt
fractions in no 0-1 1-4 4-16
Parts in pet XA 10 30 60

XB 20 30 50
XC 35 30 35
XB 50 30 20

She mixing ratios 1ig01

gat i heap (according to Chapter 3*22 Such mixtures 
ore required to make, from which concretes with cement 
contents of 150, 225 , 300, 400 and 500 kg/in? can bo 
produced with tie higtest compacting effect* On tie 
bar is of results, tie relationsaip according to fig»
16 can be plotted*

XX Bffuct of later Content
Ge:iural information era be seen in fig* 14* The effect 
of water content era be investigated with two con- 
cretc composition*
She compacting method should be conform to tie concrete 
workability, since tie workability improves with in
creasing wc.ter content*

26/...
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concrete)«
Such mixtures еш te proposed to aste» fros «Élite con
cretes ulte coasnt contents of 200 end 400 k^a? cm 
te produced with the medium wster contest» This medium 
water content teould te confo«» to that teich was used 
at Investigations according to Chapter 2*22 b» She wster 
content c a  te chsaged with 2-5 pet in relation to ag
gregate weigit«
I\ the following example, real data are shown fro« in
vestigations of author (aggregates rhyofcit tuff)» She 
data of the investigations m b  te ssa in ?able 4» She 
relationship is plotted in Pig» 17»
Prom Rig» 17 r it cm te stated teat increasing water 
content improves the concrete workability and in eon-
sequence of this foot, tee compressivo strength of tee 
Conor ite increases at tee same unit weig&t of dry con
crete» Therefore is advisable to ted rather more water
tesa lesa»

III Effect of Air-Entrainer Admixture
She air entrainer adoixture improves tee workability of 
concrete (see Chapter 2» 13, consequently tee investigation 
of effect of this additive should be concerned testing 
tee readiness of compacting» Mixtures of different 
composition should te made without Ad with admixture and 
after having measured their bulk densities, they should 
be compacted with high effect»
tec air entrainer makes decreasing water quAtlty pos
sible without change of tee original workbility (i.e. 
sociability of concrete made witnout admixture), there- 
fore the permissible degree of water decreasing A d  
its effect on compressive strength Should te investi
gated*
tee air or trainer c a  replace tee very fine aggregate par
ticles ( b e l : 0»? mm), therefore tee effect of tee dec
reasing fine convent c a  bo investigated on о one rates 
made without and with admixture» «*/
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3*23Further Investigations
On the data obtained from idle comparative testing of depo
sits and tlic technological investigations, c »ncretes pro- 
need with, each type of aggregate can be classified in the 
ippropriatc gr up recording to Annex 2«, Chapter 1 (thermal 
insulating concrete, load bearing and thermal insulating 
concrete, ioal bearing concrete). This classifying can be 
performc by taking in account the e cainabla upper and und v 
limits oi unit wei^it and compressive strength, together 
with the technical and economic possibilities, i,e, cement 
content should not be higher than about 450 kg/m^ and. the 
compacting effect should not be very low.
On the basis of under and upper limits it can be established 
the category the given concrete can be included in.
The category will specify the further investigations to be 
carried mt. These investigations can be found in Table 5«
The testing methods are regularized by Standard so they will 
not be do cussed here» Number of specimen;- shall fulfill 
termu of )-candardsw
a)Bending Strength
Concretes of following compressive strength are advisable 
to be ride for investigation of bending strength (com
pressive r ’irenrth in MPa) s
Theraal i ,3vi- ting concretes 0,5 1, 3*5 -, —  ** —  ■
Intermedi at conc.ates - - - 5 jO 15 - - -
LHad be.aria ■ concretes - - - - - - 20 25 30
The h .. ling stinngtli depends primarily on the mortar matrix 
(cermic + fine aggregate content) of concrete and the com
pacting effect* Therefore, on the basis of previous in
vesti nations, the mixing ratio, the fine aggregate content 
and ite air entrainor admixture should be chosen for vi~- 
orour compaction.
The r ¡suits of bending strength investigation can be plott 
against the compressive strength, according to Fig* 18, It 
should be mentioned that the bending strengtn of light
weight aggregate concrete is generally higgler than that 
of ordinar;.’ concret.. for the same compressive strength.

20/» ,  «
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.i)Young-modulus (modulus of elasticity)
Young modulus is th-. directional tangent of curve origin 
dram for relationship between deformation and stress» T^o 
ting Young modulus, the specimen is loaded with a relativ
ely snail force (e,g, 500 kp) and origin curve concerns 
to this point (see Pig« 19),
Young modulus of ordinary concrete depends only on its 
compressive strength* Different Standards give formulas 
for relationship between compressive strength and Young 
modulus (E,), o#g, formula of Ros:

E0 = 600 000 Rc
Rc+150

T?Where J c = compressive strength investi gated on the same2prism as the deformation, in kp/cm
Young modulus of lightweight concretes vends both on 
compressive strength and unit weigh t«_Sch’Jfler worked out 
the lollowing formula: 20 = 6000 /s Ac
where 3 = unit wei^xt of concrete in kg/ n   ̂
c = compressive strength investigated on mlc, in kp/cn^ 

It must ’em called attention: the multiplying factor , 
(6000) cannot be constant, it depends on the type of ag
gregate , furthermore other authors (<-,g, Paw) docs not 
give linear rèlation for unit weight but he calculates 
with sd/3.
To investigate Young modulus, specimens (prisms) of about 
following compressive strength shall be made: 
intermediate concrete 5 10 15 -
load bearing concrete - - - 20 25 30
Since Young modulus is to be investigated in prism, the 
compressive strength should also be investigated on prisms 
and Y:ung modulus shall be measured at stress level of 
30 pet prism*s compressive strength,

C)Shrinkage
Drying concrete yields shrinkage and absorbing water does 
swelling. If concrete has a groat shrinkage, it is in
clining to cracking. Shrinkage can be tooted on concretes 
according to Chapter 3,23 a

¿ 9 /  •  • •
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Change of shrinkage depending on time should be drawn 
accordi’' ■ to Pig* 20*
Th shrinkage of concrete is a reversible process, there
fore quick testing for information can be carried out 
with tht following method:
Thu concrete specimens (generally prisms) are placed und._ • 
•vatur. i.: ter saturation its length will be measured with 
a precision measuring instrument (required accuracy is 
1/10C m.i'* Thun tne specimens are put into drier (tempera
ture of drier + 30°0) and after having dried, its length 
is noas.i"cd-T Length efter saturation is Ls, that after 
drying i,i Lcl and the shrinkage is

Sh - Ls (in ram) - Ld (in mm) mm/m 
Ls (in r )

d) Preeain ; Thawing Resistance
This cc.10ret- property is determined by testing decrease 
of corep rossing strength of of dynamic Young modulus in 
consequ ::k :o of frost action.
The test nut) od an accelerated one; the c ncrete speci
mens are e. . 1 to frost during (after their water satu
ration) ii-ri . - . 0 .. hours, then they are put under water 
of tern- -aturo of + 15 or •*- 20 °C for some hours. This 
pr^es vill be repeated many times (10 or 25 or more), 
Fr.ozir thawing resistance shall be tested on concretes 
accord?rg to Chapter 3*23 b.
The be, i method is the investigation of decrease of dyna
mic r.r .ulus of elasticity under the influence of freezin • 
thawing process, because on the basis of results jt can 
be drr'.M the change of decrease depending on the time, 
according to Fig, 21,

e) Therm: J Conductivity
Therm .1 conductivity (-X) is quantity of heat expressed in 
Joulu hich passes in steady heat condition through layer 
porp^i licular to thu current of heat concection, during?1 s, Jhickness of the layer is 1m and its surface is 1m
P.

30/,,.



r

1
-10 3

- 30T-

The difference of temperatures of two layers' surface 
(inner and outer) should be 1K* The thermal conductivity 

is iA toms of W/r.i.K (since J/s = W),
For testing thermal conductivity many methods are known 
(e,g, instrument of Poensgen, that of Bock or of Nusselt 
etc). The: type of specimens (form and size) is determined by 
the instrument used.
The following concretes can he suggested for the investi
gations, Thermal insulating concrete with unit weight of 
600, 800, 1000 kg/m^, Intermediate concretes with unit 
weights of 1000, 1200, 1400, 1600 kg/nî .
The thermal conductivity is influenced not only by the emit 
weight, hut also by the type of fine aggregate used. 
Therefore, when lightweight concretes of the same unit 
wei^it are made partly with natural sand, partly wi ¿h light 
weight sand, their th ermal conductivity should separatly 
be investigated,

fjwater Absorption
Water absorption can be investigated on any kind of speci
men (cube, cylinder, prism, plate, etc), T h , specimens 
should be dri 1 at temperature of + 105°C then saturated 
v/ith v/ater.
To expcll air hubbies from the concrete, it is advisable to 
put specimens only in a few water (the height of water 
level should be 2 cm at the beginning of investigation) an. 
after wery one hour, the water level shall be raised 
with 2cm, The quantity of absorbed water should be often 
measured and the investigation will be continued until no 
difference can be determined between two consecutive 
measurements,

g)Speed of Drying
The concrete specimens saturated with water should be 
placed in well defined climate (e,g, air aumidity = 65$» 
temperature = +20®C),
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Iho specimens should be weired in ever;' day and the in
vestigation will be continued until no difference can be 
determined between two consecutive measurements.
The results of investigation shall bo drawn according tc 
Fig# 22}

3,24- Complementary investigations
Properties of lightweight aggregate concretes aro influence 
by more factors# To investigate effect of certain factors 
is needed for getting satisfactory knowledge about every 
technological requirement# In the course o ' complementary
investi-;ations it is necessary to do terrain :
a) effect of type of sand on unit weight an compressive 

strength
b) effect of typo of sand on bending stren ggfcn
c) effect of type of sand on Young modulus
d) effect of cement content on bonding stren/ h
0) effect of compacting method on bending sti ngth
f)e.ffect of o... nt o.-nte-nt on shrinkage
:)effect of c ntnr nd type of sand on shrinkage
h)effect of air entredno-r on freezing-thawing resistance
1) effec; of air ^ntaainer on water absorption 
jjcffect; cf air entrainer on speed of drying
1:)effect of steam wuring on compressive strength
l)the setting and hardening process of lightweight aggrogat 

comeact03,
3#25Unforseable Difficulties of Conrete Research Work

Concrete properties are influenced by a number of known and 
probably more unknown factors. Great part of known factors 
can be fount in the previous Chapters# One could almost 
say that burin • investigations every sin 1 ■ one of these 
influencing factors can be followed with attention but only 
by maximum careful and accuracy. It is not at all unlikely 
that, despite of th.. greatest possible cam. during the 
investigations faults arc- creeping into the results.

3 2/ • • «
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Theroforo, .*very possible relation must immediately bo drawn 
(or sketch-1) for i valvating data, o,g, after measuring bulk 
density of fresh concrete, the relationship between cenent 
content an.I density or that between water content and. den
sity shall :-e sketched.
Furthernorc, every circumstances should be put down e.g, 
temperatur- of laboratory roc i etc.
For thu зеке of collection of cv^ry fact, information, data 
etc*, bound minute book should be used which is to be kept as 
a diary. The : inute j .ok should be paginated eforc the 
b .ginning cf :nr.-tigntions, Any page must net bo t o m  out 
f 'em this book,;
If any result v/orc i ..n:i contradictory t the known or the 
hypotheti- cl (pressed) relationship, the investigation must 
be repeat.c.
Author would like to mak^ evident by the above that concrete 
research rerk - as every research work - does not go straight 
does not ' c.lk on the beaten track, but it clambers up 
narrow, untrodden paths and on this way the special knowledge 
is the single compass,

3,3 NUMBER OF SPECIMENS
The following specimens with one type of aggregate should

- X -

be made;
General i nvestigations (Chapter 3.22b): 4 mixing

ratios c 4 compacting effects x 3 specimens =H8-s$ecxnen£
Effect of iggrogato fine content (Chapter 3*22 
Cfll,): 4 fine contents x 5 cement contents x 3 
specimens =60 specimens
Effect o i water content (Chapter 3,22,C,Il) 
d cement contents x 6 water contents x 3
specimens -36 specimens
E feet of air entminer admixture (Chapter
3 22 e.Ill)*
2 cement contends x 3 admixture contents 

2 water contents 2 fin- aggregate con- 
in its x 3 specimens =72 specimens
Amount cf technological investigation 

( Chapter 3.22) 216 specimens

3 3 / , . .
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Further investigations (Chapter 3.23):
Bendin ; Strength (Chapter 3*23°) : 
3 concrete typ^c x 3 specimens = 9 specimens
Young modulus (Cha.pt or 3*23 b) : 
3 concrete typos x 3 specimens = 9 specimens
Shrinkage (Chapter 3*23.c): as bending 
strength = 9 specimens
Freezing thawing resistance (Chapter 
3»23d): no Young modulus - 9 specimens
Thermal conductivity (Chapter 3.23*o)î 
4 concrete types x 3 specimens = 12 specimens
Water absorption ('Chapter 3*23f): as 
bedding stmngiit = 9 specimens
Speed of drying (Chapter 3*23.G) : the 
specimens of water absorption testing 
can be used
Amount of fur oh -r i: :. . ti gâtions 
(Chapter 3*23.) = 57 specimens

Complementary .v ;g tions (Chapter 3*24)
a)2 mixing ratios x 4 natural sand con

tent x 3 specimens = *4 specimens
b)3 concrete typ^s x 2 sand contents x 3 

specimens = 10 specimens
c)3 concrete typ.-s x 2 sand contents x 3 

speciei' ns = 10 specimens
d)4 mixing ratios x 3 specimens = 12 specimens
6)4 compacint methods x 2 sand conto.' 
x 3 specimensg = 24 specimens

f)4 mixing ratios x 3 specimens = 12 specimens
g)2 mixing ratios x 2 sand contents 
x 3 specimens - 12 specimens

h)3 concrete types x 3 specimens - 9 specimens
i) 3 concrete types X 3 specimens
j) thc above specimens (i) can bo used

= 9 specimens

k) !■ concrete types x 4 curing methods 
x 3 specimens = 40 specimens

1)3 concrete types x 6 moments (c*g, 
3,7,14,20,90 and 100 days) x3 specimens = specimens

Amount of Co: .pi m.ntar, investigations 
(Chapter 3»24) =240 specimens

34/
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Type of specimens:
- for investigation of compressive strength,
water absorption 0  15x30cm cylinders = 37 specimen;

- for investigation of bending strength 
Young modulus, shrinkage 10x10x40 cm 
prisms

- for investigation of thermal conduc
tivity, c,g, 25x25x7 cm plates

Amount of specimens

=123 specimens

= 12 specimens
=513 specimens

Volume of concrete
in cylinders 
in prisms 
in plates

Volume of volcanic material from one type, taking in account 
the compactin'' fact.r and the losses comes to about 4 m3 
It can be seen that many specimens are to be made* But 
it must be taken into consideration that in the above prog
ram the minimum research work is given, therefore the 
number of specimens must not be decreased.
The investigations should bo carried out in one rate; one 
transport of cement (about 1,2 tons), one transport of ag
gregate (about 4 m3) should bo used and production of speci
mens should be finished in limited time with the same col
laborators, The results can bo evaluated only in this way.

to be made:
37G x 0,0053 
123 x 0,004 
12 x 0,0013

= 2,0 nr 
= 0,5 m3 
= 0,02 ITT

Amount 2.52 m“
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11 IVES TI (jATI on of pozzolanic activity

INTRODUCTION
Latent hydraulic raaterials (hydraulitee) are materials that 
in themsejves possess little or no oementititious value 
Lut will, in finely divided form and in presence of water, 
reac+ chemically with calcium hydroxide at oridnary tempera
tures to form compounds possessing cemerfitious properties 
IN otlier ' crds, the hardening energy is - '.o:mnant and becomes 
active u n u r  the influence of an activator, such as calcium 
hydroxide or some other strong alkaline compound. When a 
latent hy raulic material is blended with porbland cement an! 
water, it becomes activated by the calcium hydroxide deve
loped during the hydration of cement. The sane process goer, 
on when the latent hydraulic material is mixo vdth calcium 
c.idc and wat^r,
1 e setting an , harcniing processes, the function of chemi-- 
c 1 and physical ; ro rtic3 ar not completely known, gone- 
r-lly th most important features for promoting the hydrau
lic autiv.oy arc as follows:

¿he vitreous state of hydraulite, since in this state th 
energy content of materials is the highest

- the lattice structure of zeolite which represents the 
zeolitic bound of water, the ion change and absorption 
cap-,city of materials

- the metakaolin decomposition which yields hydraulic 
activity of heated materials (e,g, ground brick)
the basic agentd which makes formation of calcium sili
cates and alumina-tee possible

- th acid agents (active silicic acid) mainly in pozzolan 
hy'.rate water content (though importanc of that is re- 
ce itly discussed by different authors).
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Due to the .t my influencing factors and. ihoir d.is mussed. ex 
fects, the s .tting capacity of the hydrauhi'u os can only b̂. 
determined ccactly by physical investigate ns. Th^ prino’ 
of methods c in be seen in Annex 1 

Chapter 4*3*

2,- INVESTIGATE C .jg
According -• t Annex 2, tho materials were : .̂sti gitoci for
purpose of ! aking hydrain! ic lime* The roqui fineness m  
grains gro'n? .1 from volcanic materials wou7... h ve had to L-. 
about 4000 1 m /g in specific surface, i*o maximum graxn s j 
of about 60 )im# Because of difficulties ,:n rill';: -, it ha 
to be satis 'in ’ with ;00 un in maximum grain c. .zo and withp 'a' )ut 2000 " cr/ r . n op. ilfic sufacc (belonged to :his grain 
s: z c ) t

The volcanic m '-'.„r; a!••.••ore ground in th, laborat >ry of 
Ministry i J omnium cation, the fine grains were transport ;J 
to the In u : trial Testing, lie so arch and. Development Centre 
hhe cement .aboratory of this Centre is well equipped: 
mixer, str.tr ling table (or rather: shaking table) and suitabd 
quantity cf moulds (4x4*16 cm) are available.
Mixtures vc oe made tith mixing ratio of 1;3:0'7 (binder¿sand 
water)* The binder was produced from ground, pozzoian, hydrat 
lime and p] ister of Paris in different ratios, as follows 
(l;y part :n weight);
Serie ( -,67 Hydrated lime, 0*3 pozzoian 0*03 plaster 
Serio 2: *57 hydrate'" lime, 0*4 pozzoian, /,03 plaster
Serie 3s >«47 hydrated lime; 0*5 pczzolan, •«03 nlaster
Serio 4: J©37 hydrated lime, 0*6 pozzoian, u )3 plaster
Duo to t: c limited quantity of ground pozzoian, it had to 
satisfie . with these four series instead of proposed series 
in Annex , Chapter 5/B and Annex 2 Chapter 4*3*
T1 ; weigh ;d hydrated lime, pozzoian and gypsum were mixed oy 
h. id and sand wr/~. added to it* The dry materials were mixed 
in mechar ical mxxur during 15 s then with water during furth 
45 s* Frcm one serie with each pozzoian 3 prisms were com
pacted ■ baking table#

3/e » ’
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The fresh specimens were placed over water, after 7 daye 
taken out from moulds, wetted and storagod in laboratory 
room,
Signes and compositions of serins can be eoen in Table 1,
Quantity of materials used tr the first series (A1, A2, B 
and C) were not enough to three specimens of full dimensions 
therefore in the Research Center, additional fine grains had 
to be ground for making utilization of increased quantity 
possible.
The bonding and compressive strength of specimens were 
investigated in 14 days. The data can be seen in Table 2 
According to the experiences, the hydrated lime - plaster - 
posaolan mixtures harden more slowly than the cement mortar, 
in 14 days, 50 pet of 28 days compressive strength can be cx 
pected. Therefore the data of Table 2 car, be transformed, int 

• 2d days according to Table 3*

. 3,- EVALUATION
~ ~ ¿n >

Mortars canbo produced v/ith diffent binders, by using lime,
the mortars have compressing strength of 0,4- 1MPa if the 
limes sand ratio com^s to 1*4 or 1:3 v/ith mixture of lime 
and cement (limesocnent ratio is 1:0«2 or 1:0,|) can be 
made mortars with compressive strength of 1-5MPa, if the 
binder is cement only (1:4 cement: sand ratio), the compres
sive strength of nortar comes to 5-10 MPa,
Per displacin. eemont or for imp(o^Ving properties of mortar, 
hydraulic lime, i,e, mixture of hydrated lime and latent 
hydraulic material can be used. The goal of the investigatio 
carried out was to determine the latent hydraulic properties 
of the Syrian volcanic materials. The results of investi
gations are summarized in Pig, 1«
According to this Figure, mortars produced v/ith lime and 
ground volcanic material from Racca have compressive strongl 
of about 5 MPat

4 / . . .
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If the hydraulic is from Shahba, compressive strength of 
mortars will be about 4 MPa and hydraullb made from Hassakj 
material, compressive strength of about 3MPa can be expect*'"
In the Hungarian Standard, the hydraulites are classified 
into five groups according to the compressive strength in 
28 days:
Group I II i n  IV V
Gompr* strength at least
(in MT) 10 7 4 2,5 1.5
The method of investigatinns proscribed in the Hungarian 
Standard is similar ( tough not the same) a: in the case of 
the investigations reported, therefore the a’ ovc data can be: 
employed for evaluation. Consequently, the volcanic materials 
investigated can be classified as follows:
Matqipal from Race a III group
Material from Shahba IV ¡group
Material from Hnssake V group

It has to be mentioned, that the specific surface of the 
material used to these investigations did not satisfy theprequirements (it was about 2000 cm /g instead of about 4000pcm /g) consequently the results are informatory only*
Ndt withstanding that the investigations have some uncertain?.';,/ 
because of the lower specific surface, it can bo stated, 
that using the ground volcanic materials investigated for 
making hydraulic lime is very promising.
Therefore detailed investigations of every Syrian volcanic 
material can be recommended*
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A N N E X  E.

DEPCN C TUA Ti V E  ELEM EN  T S

Design, o f  m ould  fo r making dem onstrative elements can be seen  tst. 

Figures (T) urui (2 J  .

Tne f i r s t  elem ent was m ade, on 2 0 th October with, soi.ca.rulc cinder o f  

SixarJca. The Ln.grecL.erus c f  concrete were m ixed by hand, fn two 

b a t  ones. Elu.arLti.ties o f irigrecUeriCs :

1. batch  •• 2. batch.:
cement 55 kg 38,5 *5
aggregate, of Sh.ah.ba 401 12,1 *3
scucci (0-4 mn) 28 k3 49,6 k3
water 28 Kj 49,6 JiL

219 eg 199,8 *9

the. material was exactly en.ou.gn, for the element of (l5C * 90 x2o) -

- 40 500 *  259 500 cm3 ^ C,2£ m3 in, roLu-tn,e, Unit weight of the.
fresh concrete : 249 + 449 8 ryf .

0,26
Composition of concrete •• ce.me.rJl 360 h/nA

aggregate of Skajiba. 619 - t* -
sand. (0-1 man. ) 183 ~ »  —

water 183 -  »  —

4900 K3!m3



* i
s

F t } J  г w

D esign, o f noa.Ld fo r b lo c k s

w t

»

rtecLSi/tei in, слъ 

■i iO

rat bei- forming
Hoaâea - U r^ nj bnÜCn p in te

/

i

ДЗ
------------------------------y -----------------------------

r

k ’ ; V
Y >

04

l

lo
• J- r\ 'r\*■■ ■> Ь V"

r>Í4
.4 ->•■s ' f V

« Ì- W)+V > I t\ *1 1 I ! I I l i f t ing

boArds



"'a.rrS Zn-i> m. T-..U

 ̂? (¿

'Lifting
ft-OOf

¿ t í f í cnúi j  
UtL ^ . V  - (ГОП,

\

raovet-form i'oj 
ntoGdefi' U'aoLíj

i

ho Le rùr
■faskeruWj

■f a lle n itic i  
Ufith. sor ем/

\

J Û L
! Í !' b oa rd

0 4 "


