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ABSTRACT
Fluvial deposits in rivers., which drain terrains in Serbia, contain
sandy gravel with grains of amorphous silica. Several variants of
chert are separated with different contents of amorphous silica. Amo-
rphous grains of minerals and rock are in most cases recrystallized
and appear in more stabilized forms. Petrographic investigations and
chemical tests, according to ASTM C 289, show that harmful alkali -
silicate reaction, may occur with some of river aggregates. The resu-—
lts of investigation, according to ASTM C 227, have shown that Llinear
expansion on mortar prisms is proportional to the content of alkalies
only. Traces of the products of alkali-silicate reaction were observed.

1. INTRODUCTION

Alkali-silicate reactivity of aggregate in Yugoslavia has been investi-
gated for the last 25 years. In the first work, published in our contry,
(Maksimovic et al.,1962.), estimated that aggregate from one source
contained 15% of chert and may be harmful, but the results of the chemical
test according to ASTM C 289, showed them to be innocuous.

It must be underlined, that in Yugoslavia up until thz present, no cases

of deterioration of concrete due to alkali aggregate reactivity have been re-
ported, but this does not mean that they have not occurred. In March 1984,
The Highway Institute organized the first national conference on this topics
at which the results of investigations in Yugoslavia were presented. Numerous
investigations presented at the The Highway Research Institute conference in
1984 showed that many aggregates contain potentially reactive components.

Fluvial deposits from rivers, which drain terrains of green volcanic ro-
ckes terrains of intensively hydrothermal altered rocks, and also more altera-
ted. silicate rocks, contain sandy gravel with grains of rock and amorphous
silica. The above mentioned rocks occur mostly in eastern parts of Yugoslaviar
in Serbia.

In this paper the results of a two-year systematic investigations of agg-
regates from river sources in Serbia are reported and the deposits and their
possible influence on alkali-silica reactivity in concrete is discussed.
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2. MATERIALS AND PROCEDURES

Sandy gravel was picked up from
river sourcess, which are exploited,
from largest rivers (Danube, Velika
Morava, Drina, Western Morava and So-
uthern Morava). These rivers drains
almost all the surface of Serbia
(about 50 000 km2), FIG. 1.

Natural gravel deposits were in-
vestigated by separating the different
size fractions and studying them. Par-
ticular emphasis was placed on study-
ing the quartz and chert grains. Ana-
lysis was carried but by means of pet-
rographic studies, x-ray diffraction
and testing according to ASTM C 289
and ASTM C 227. Microscopic analysis
and x-ray diffraction were carried out
on the same samples which were finely
ground.

FIG.1 Map of investigated river
deposits in Serbia.

3. EXPERIMENTAL RESULTS AND DISCUSSION

Mineralogical-petrographic investigations, on aggregates from river sour-
ces in Serbia, have shown that they have a heterogeneous composition. The con-
tent of particular grains of minerals and rock varies. Grains of silica and
silicate rocks are predominant, namely quartz, sandstoner chert, gneiss, ande-
site and dacite, and less often grains of serpentine peridotite (W.Morava).
limestone (Drina, Danube, S.Morava) and granular diorite (Danube). The content

of mineral grains with amorphous sili-
ASTM ca varies with the particular frac-

L. — — — S.Morava @ C 289 tions of aggregate, samples from W.Mo-
= | === W.Morava [ rava (2-25%) » S.Morava (1-21%) , Velika
2 ool Velika Morava e Morava (2-104), Drina (3-33%) and
& - Drina 4 from Danube river terraces (3.5-12%).

Danube * Investigations have shown that poten—
a T tial alkali reactive silica grainss
fr in most casess, appear in form of che-
> 200 rt, then chalcedony and less often
z opal.
5 @ 4 E‘e’[ﬁ'ﬂ%ﬂs Chemical tests, for potential al-
o ki kali-silicate reactivity of aggregate,
o 100} g from the above river sources, accord-
5] ing to ASTM C 289, have shown that so-
= me gravel samples from rivers [, Mor—
z [ DELETERIOUS ava, S.Morava, Velika Morava and Drina
0) = may be considered as harmful for con-
o‘o 2'5 _"‘0 7‘5‘60 230 560 7;0 cre.te. A great_many samples were inve-
DISSOLVED SILICA Sc., m mol/l stigated. In Figure 2: are sh?wn the
test results for particular rivers.
FIG. 2 Diagram of results distri- The volume of soluble silica (Sc) is
bution of chemical test. proportional to percent of opal in

the aggregate.

Detail investigations of quartz and chert grains, from aggregate 'Moravac'
(river Velika Morava) were done for determination of the qualitative and quan-
titative content of amorphous silica. On the basis of petrographics, chemical
and x-ray investigations, several variants of chert are separated (FIG.3, sam—
ples No.3-6) and described (TABLE 1). We have presumed that the surface appear-
ance of grains reflect their internal structure and texture and also partly
their genesis.
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Na,

Sc=51.4
Rc=16.5

S¢=50.6
ReF 9.3

Sc=440.6
Sc= 51.8

c

S$¢=208.2
Rc= 56.7

Sc=436.7
Re= 95.1

S¢=95.1
Rc=43.3

FIG. 3 A) Typical grains of quartz and chert in gravel from river V.Morava:
B) Thin sections of grains viewed with a petrographic microscope.
C) Results of chemical test ASTM C 289 (Sc and Rc in m mol/1).

TABLE 1

No. MACROSCOPIC DESCRIPTION MICROSCOPIC ANALYSIS

1.|Quartz-white; grain surface fine |Quartz grains ceeessssersecccanans 85%
rough; milk white coloured; ball Qartzite graifs’ seweweisnes eisses 8%
-like form of grains, less often |Cryptocrystalline quartz grains .. 4%
longish and slate-like. Chalcedony GRrains e sessseesessnsss 3%

2.|Quartz-transparent-clear; grain Quartz Graing. «eems vewe s sems s enie s 80%
surface fine rough; yellowish Quartzite grains csssassasssamees s 8%
-white and grey coloureds round Chalcedony grains .usesssassssacas 8%
grains, ball-like. Cryptocrystalline quartz grains .. 4%

3.|Chertr, grain surface greasy and Chalcedony-opal grains .cececeeecaee 78%
glassysdark yellows dark red and Cryptocrystalline quartz grains .. 17%
grey coloureds angular, a few Crystalline quartz grains ..ceee-.. 5%
round grainss, hook-like.

4.|Chert, grain surface matts; dark ChaLcedony—obaL grafing cseawasemex 46%

yellow, dark grey and dark red

Microcrystalline quartz grains ... 37%

grainedsdark yellowr, dark grey
and dark red coloureds slate-like,
half-rounded grains.

coloureds round grains, ball-likes|Cryptocrystall.quartz with clay .. 9%
less often cube-Llike. QUATEZALE GEaiNS seanvamnmomseavas 8%
5.|Cherts grain surface porous’ Chalcedony-opal grains seeesssneass 43%
dark yellows dark red coloureds Microcrystalline quartz grains ... 374
a little round grains, slate Cryptocrystalline quartz grains .. 15%
~-like. Quartzite grains caeesssonsusesss 5%
6. |Chert, grain surface sandy rough [Microcrystalline quartz grains ... 60%

Quartzite grains
Chalcedony grains
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In quartz samples (No.1 and 2) opal was not discovered, but chalcedony
and cryptocrystalline quartz is present. These are partly soluble in alkali.
Chert sample (No.3) with a glassy and greasy surface contains mostly chalce-
dony-opal.

A chert sample with a glassy-greasy surface, dark yellow coloured, with
conchoidal fracture, was separated and marked as ''opal", witha content of amor-
phous silica of 50%, and with values for Sc = 825 m mol/L and Rc = 85 m mol/Ll.
This is potentiality the most reactive sample used in investigations in conc-
rete test samples.

X-ray diffractograms of quartz and
chert variant samples (FIG.4) show that
is quartz is the commonest mineral.
CuKo Chert samples contain feldspar (F) in
different quantities, clay minerals
and hematite.

On the basis of relative proporti-
ons of crystalline phases, we can conc-—
1) lude that chert No.3 contains the most
quartz amorphous silica, (20%). Chert sam-

ples No.4 and No.5 contain about 12%
L—-—»-"/ amorphous material, and sample No.6
contains amorphous material in small
qu%)u quantities. Quartz samples No.1 and
No.2 contain insignificant quantities
L. ~——"| of amorphous silica.

The common characteristics of the

3) analysed chert grains are recrystalli-
chert sation of opaline silica to chalcedony.,
F, K microcrystalline and crystalline quartz.

Opal, formed by organic or inorganic
process, in times transforms in chalce-
dony and finally in quartz.

Our investigations have shown that
chert, from greater rivers in Serbiar
in most cases, is recrystallized in
more stable modifications.

Linear expansions, observed in mor-
F 6) tar according to ASTM C 227. Mortar

prisms were made of aggregate of stan-

4)

dard composition from the river Velika

\
N Moravar which contained chert grainss
BB R T W T Datt for s, The ae
pansion was 0.032% after 6 months.
FIG. 4 X-ray diffractograms of Investigations with selected gra-
quartz and chert variants. ins of quartz and chert have not shown

the expected differences.

We have used different types of cement with lesser or greater quantities
of alkalies (FIG.5 and FIG.6). The results of investigations on mortar prisms
are not in agreement with estimations based on petrographic investigations and
chemical tests.

Expansions of samples are proportional only to the content of alkaliess
and wasinall cases less then maximum permitted value (<0.1%). Neither warping
nor cracking of the mortar prisms was observed, but a white excretion of alka-
li-silicate reaction products was found on the surfaces of prisms containing
higher alkali levels. With these aggregates, although the alkali silicate re-
ction occurss significant expansion of mortar bars does not occur.

Expansive destructive effects, of alkali-silicate reaction, are observed
with concrete test samples, made of mixture of most reactive silica grains
- "opal' and slightly reactive aggregate and a cement with its alkali content
increased to 3.4%4 Na,0 equivalent by the addition of alkali.
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FIG. 5 Linear expansion of mortar prisms FIG. 6 Linear expansion of
quartz and chert with: mortar prisms of quartz
a) low content of alkalies and and chert with cement
b) high content of alkalies in cement. which contains 15% slag.

In the analysis of expansion trends of particular combinations of aggre-
gates Figures 5 and 6 it can be seen that expansion is greatest with cement
containing the highest alkali content (1.5% Na;0 equivalent); with this cement
expansion continues for 10 months, after which it levels off. With cement PCl15z
containing 15% slag the main expansion levels off after about 30 days but some
continues for four months. The reduction in expansion observed in Figure 6 1s
probably due to the presence of the finely ground slag.

4. CONCLUSIONS

The presented study has shown that aggregates from river sources in
Serbia contain chert grains, which are partially composed of amorphous silica.
Most of the chert from rivers in Serbia, is recrystallized in more stable
modifications - chalcedony, microcrystalline and crystalline quartz.

Due to the possible occurrence of alkali silicate reaction in these
sand - gravel deposits, perminant monitoring of their composition, by petrog-
raphic or chemical methods is necessary. Because of the high content of silica
and silicate rocks in the gravels, the concentration of active alkalis per un-
it surface of the most reactive grains is reduced. For this reason, a high co-
ncentration of alkalis in the concrete is necessary to obtain a significant
level of expansion. Experiments must be continued with concrete test samples
to develop methods for accurately predicting the durability of concrete in
actual structures. Monitoring the condition of concrete structures in the fi-
eld will also be continued.
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