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GREEK ALPHABET

Alpha A o «a Nu N v
Beta B B X1 o
Gamma Py Omicron O o
Delta A 6 Pi n =
Epsilon ) S Rho P-p
Zeta 48 Sigma L o
Eta H n Tau %
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Iota LT Phi ¢ 9 ¢
Kappa’ K % ¢ = Chi X x
Lambda [ R Psi Yy ¢
Mu M u Omega Q w
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RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS

Russian English
sin sin
cos cos

teg tan
ctg cot
sec sec
cosec cse

sh sinh
ch cosh
th tanh
cth coth
sch sech
eseh ¢sch
arc sin sin™t
arc cos cos™t
arc tg tan~t
arc ctg cot™t
arc sec sec™t
arc cosec cse™t
arc sh sinn~t
arc ch cosh™t
arc th tanh™t
arc cth coth™t
arc sch sech'i ‘ﬁ

arc csch esech”

rot eurl g

1g log j

GRAPHICS DISCLAIMER b

A1l figures, graphics, tables, equations, etc.
merged into this translation were extracted
from the best quality copy available.
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SOME RECOMMENDATIONS ON THE USE OF BEACH SAND AS AN AGGREGATE FOR FAM

POLYMEE-CONCRETES

L. D. Garbar, Odessa Engineering-Construction Institute

FAM polymer-concrete, as with cther ccncretes, is a
sulti~component material. Its binding part is made from the PAN-brand
furfural-acetone monomer and a hardener - benzosulfonic acid (BSK).
The properties of the FAM pclymer-concrete are not determined just by
the type and quantity of the binder. Equally, if not to a greater
degree, they depend on the type, gquality, and quantity of aggregates.
As a large or small aggregate for the FAM pclymer-concrete many rocks
and minerals are useful, although the use of aggregates with
impurities of carbonate particles are intolerable, since with the

interaction of an acidic hardener of the pclymer-concrete with
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carbonate impurities carbon dioxide escapes and the compound swells
up. Here either hardening does not occur at all, or the
Folymer-concrete acquires an extremely lowv strength. Howvever, what
has been said does not give grounds in all cases to stop using
aggregates vwith impurities of carbcnate particles. Thus, I. M.
Yelshinyy acquired a strong PA polymer-concrete on barhan sand vith 

high content of carbonate impurities.

99ta bBeach sand also has in its composition carbonate impurities in
the form of residues of dead shelly crganismse. The use of them as
aggregates for the FAM fpolymer-concrete would ke economically

advisable, since beach sand is the local material of many regions o:

our countrye.

In the Laboratory for Plastic Structural Elements of the odess¢
Enginecering-Construction Institute we conducted experiments on the
acquisition of FAM polymer-concretes on beach sand containing up to
28 percent carbonate particles. For the study, we took coarse beach
sand with a dimension of the particles up tc 2.5 mm containing 12
percent mussel; fine beach sand with a dimension of the particles up

to 0.6 mm, containing 28 percent mussel.

Attempts to completely remove the cartonate particles by siftin

and washing proved unsuccessful. Besides this, cther materials vere
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f used:

a) granitic gravel with a fraction up to 10 mm;

b) fine casting quartz sand with size of the particles up to

014 mm;
c) quartz meal GOST (All-Union State Stamndard) 9077-59;

d) commercial-grade sodium fluosilicate GOST 87-66;

e) "Arzamit-5" powder, consisting of ground graphite and a
hardener - toluenesulfochloride (TU [Technical Specification]

6—16-1133-67, residue on screen 0.42 mm - 5 percent);

f) modernized furfurol-acetone monomer (FAM) of the Ferganskiy

Chemical Plant for Furan Compounds;

q) a hardener - benzosulfonic acid (BSK) of the Novomoskovskiy

3 Chemical Plant, TY No. GAP-V-25-66.
(
Prepartion of the polymer-concrete was done by standard
({ technclogy in accordance with the Ferganskiy ONIL- (Odessa Scientific
Research Institute) and TsNIIPodzemshakhtstroy (Central Scientific
L
{ :
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Research, Planning and Design Institute of Underground Mine

Ccnstruction).

The ingredients of FAM polymer-concrete were selected
experimentally on the principle of the greatest density of the
@ixture, the smallest expenditure of resin, and the necessary
miscibility. After preparation, part of the specimens were subjected
to dry heating at a temperature of +80°C fcr a period of 24 hours,
and the rest were kept in normal rocm conditiors until the test. It
is interesting to note that the part of the specimens which were
subjected to heat treatment and which have in their composition fine
beach sand or its mixture with coarse sand had traces of swelling on
all side faces as a result of the examinaticn, although such was not
the case with the specimens which were not subjected to dry heat.

X

This nreans that in this case heating was an accelerator of the

reaction between the hardener and the carbonate particles.

After the examination, the UxUx4 cm specimen~cubes which were
subjected to heat treatment and the specimens which were kept under
normal room conditions for periods of 7 and 28 days were tested for
compression in a hydraulic press with a speed of application of a
load equal to 10-15 kg/cm2 per second. Furtherscre, on 4x4x16 cm
specinens-prisms we determined the modulus cf elasiticity of the ra

polymer-concrete with comgression.
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Altogether 22 compcunds vere tested with the use of both the

beach sand themselves and their mixtures with cther materials. The
most characteristic of the studied compounds, ard also the test

results, are presented in the table.

Cemparing the indicators of the studied compounds, it is easy to
{ note that the use of fine beach sand, and also its mixtures with
coarse sand as aggregates for FAM polymer-concrete, is impermissable,

since the high content of carbonate particles leads to swelling of

§ the mixture and, although the latter will harden, the strength and
_ sodulus of elasticity with compression is insignificant. So to talk
3 ; in general about FAM polymer-concrete cf such lcw strength with its
.

4 comparatively high cost does not make econcmically or technically

subst antiated sense. We can talk to some degree on the use of light,

swcllen, and hardened polymer-concrete in this case. This question
requires special consideration and, in the cpinion of the author,
such a polymer-concrete will hardly have other valuable indicators

which FAM polymer-concretes generally have.

With the use of only coarse beach sand as an aggregate swelling
is not observed. This is explained, aprarently, by the fact that the

carbonate particles in coarse beach sand are in the form of coarse
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shelly particles with low specific surface and strong natural

cohesicn, and reactions in this case dc not occur.

The picture sharply changes with the replacement of the fine
bteach sand by fine quartz sand. The strength and modulus of
elasticity grow noticeably. Compounds cn granitic gravel and mixtures
of beach sand where the fine beach sand does not exceed the amount of
15 percent by weight also possess sufficiently high indicators.
Particularly effective are the additives guartz meal (8-10 percent by
weight), fluosilicate cf scdium [2]) or "Arzamit-S" powder,

reconmnended by the author (2-3 percent by weight).

0f the two additives a preference should ke given to the
addit ive "Arzamit-5" powder, since the additicn of fluosilicate of
sodium to mixtures with beach sand for an unknown reason led to a
still more intensive swelling, while at the same time the addition of
®Arzanit-5" powder, although having less effect on strength, serves

as sort of an "extinguisher®" of swelling.

As is shovwn in further studies, the addition of "Arzamit-5"”
powder also leads to an increase Of water resistance of the PAM
polymer-concrete. This is explained by an increase of density of the
mixture and the presence of ground graphite in the powder, which adds

bhydrorhobic qualities toc the concrete.
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Conclusions i

1. Pine beach sand as independent aggregates for FAM 1
Folymer-concrete is disadvantageous. Their use is permitted in
quantity no more than 15 percent by weight for the mixture of

granitic gravel, coarse beach sand, and finely-ground aggregates. 1

3
|
2. Coarse beach sand, because of the increased hollowness, must

be used with additicns of finely-ground aggregates. Fine beach sand |

is not suitable as such an additive.

Figure. Table of the studied compounds of the FAM polymer-concrete

teach sands

Key: 1. Components of the polymer-concrete. 2. Number of the studied
compounds of FAM polymer-concrete (in percent bty weight). 3. Grani tie
gravel. 4. Coarse beach sand. 5. Fine teach sand. 6. Fine quartz

sand. 7. Quartz meal. 8. Fluosilicate of scdiuse 9. "Arazamit-5"

FTD-ID(RS)I-1588-76
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powder. 10. FAM monomer. 11, Hardener - benzosulfonic acid. 12. Ssome
indicators of the FAM polymer-concrete with the use of beach sand.
13. Volumetric weight, g/cm3. 14, Compressicn strength, kg/cm?,
after. 15. 7 days. 16. Dry heating. 17. Modulus of elasticity,

kg/cm2x103, after heating.
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