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Selection of Suitable Aggregates for Long-term Stability of Concrete

Dong-Yoon Yang* and Dong-Young Lee*

ABSTRACT: Recently, there have been several cases of serious accidents on concrete structure resulting from rapid
deterioration of concrete strength. On the view point of long term stability of concrete, deterioration of concrete
strength is mostly due to chemical reaction between alkali and reactive aggregates (alkali-aggreagte reaction; AAR)
in concrete rather than a problem of execution. For long-term stability of concrete, concrete aggregates must be
carefully selected. Some of rocks used for concrete aggregates contain deleterious minerals reactive to alkali compo-
nents in concrete. Most of AAR result from chemical reaction between alkali components and reactive silica
minerals in aggregates (so called alkali-silica reaction; ASR). The silica minerals are as follows; quartz with seriou-
sly distorted lattice structure, volcanic glass, chalcedony, opal, cristobalite, tridymite, etc. ASR may cause expansion
and cracks, further collapse in concrete structure, in a few years. In case of crushed aggregates, only a part
of rock mass without reactive minerals must be produced in aggregates mine after thorough examination of the
distribution of rocks with reactive minerals. In case of natural aggregates, the total content of reactive minerals
must be calculated, if, the content is more than 20%, the rate should be lower by mixing other non-reactive
crushed- or natural aggregates, If it is obliged to use concrete aggregates all containing deleterious minerals in
a discrete area, they must be used with low alkali cement. Even if it is low quality in the chemical properties,
aggregates with suitable range in the physical properties can be utilized as the aggregate of other purposes.
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Table 4. List of minerals and rocks showing alkali-aggregate reaction.

Classification

Minerals and rocks related with alkali-aggregate
reaction

Remarks

Minerals reactive to
alkali ions

Quartz showing undulatory extinction angle, cryptocrys- Alkali-silica reaction

talline quartz, acidic~medium volcanic glass, cristoba-
lite, tridymite, opal, chalcedony

Dolomite Alkali-carbonate reaction

Rocks containing a
harmful amount of
minerals reactive
to alkali ions

Igneous rocks containing reactive quartz(mostly, granite), Igneous rocks

rhyolite, andesite, obsidian, pitchstone, pumice

Sandstone(siliceous sandstone, graywacke), shale, sili- Sedimentary rocks  Alkali-silica

ceous shale, siliceous slate, siliceous mudstone, rhyoli- reaction
tic~andesitic tuff, siliceous limestone
Gneiss, schist, phyllite, hornfels, quartzite Metamorphic rocks
Dolomitic limestone Sedimentary rocks  Alkali-carbonate
reaction
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Table 2. The results of abrasion test of natural aggregates from Nakdonggang river basin.

Sampling site (Kyeongsangpuk-do)

Name of river

Main rocks of each area Abrasion rate(%)

Keumreung-gun, Guisung-myeon, Hawon-ri Kamcheon Jurassic granite 317
Sangju-gun, Konggeom-myeon, Kwondong-ri Byeongseongcheon Precambrian gneiss 36.8
Sangju-gun, Hamyeol-eup, Jungchon-ri Iancheon Precambrian gneiss 41.7
Pongwha-gun, Pongwha-eup, Heajeo-ri Neaseongcheon Jurassic granite 46.1
Pongwha-gun, Peopjeon-myeon, Socheon-ri ~ Nakdonggang Granite, gneiss, schist 347
Pongwha-gun, Myeongho-myeon, Kogye-ri Nakdonggang Gneiss, granite, quartzite 31.6
Yeongyang-gun, llwol-myeon, Togye-ri Banbyeoncheon Tuffaceous sedi. rocks 26.8
Yeongyang-gun, Iban-myeon, Samsan-ri Banbyeoncheon Tuffaceous sedi. rocks 21.1
Andong-city Jeongha-dong Confluence of the Sedi. rocks, granite, gneiss 259
Nakdonggang and
Banbyeoncheon
Kunwi-gun, Sobo-myeon, Pongwhang-ri Wicheon Sedi. rocks, volcanic rocks 26.1
Teagu-city, Dong-gu, Keumho-dong Keumhogang Sedi. rocks, granite, volcanic ro- 20.3
cks
Kyeongju-city, Naktong-3ri Hyeongsangang Sedi. rocks, volcanic rocks 18.9

Table 3. Mean values of physical properties for crushed aggregates sampled in Kyeongsang Area.

Physical properties

Specific  Absorption  Opening Point load Uniaxial stress  Abrasion

Rock species Number of  gravity rate (%)  rate (%) strength IssoMpa strength (kg/em’) rate (%)
samples

Granite 25 2.64 0.79 2.17 11.3 2542.37 21.50
Sedi. rocks 49 2.70 0.88 2.35 13.32 2960.54 20.63
Hornfels 21 2.81 0.84 2.25 2045 4588.71 20.65
Gneiss 18 2.64 0.63 1.64 7.84 1758.00 27.95
Volc. rocks 18 2,65 1.20 317 18.36 4102.08 22.15
Limestone 1 2.75 0.41 1.14 29.10
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Fig. 2. Photomicrographs showing (a) strong undulatory
extinction of quartz grains in granite, (b) undulatory exti-
nction of quartz grains and finely crushed quartz in
gneiss and (c) cryptocrystalline quartz and volcanic glass
in siliceous mudstone. (UE Qz; quartz with undulatory
extinction, Mus; muscovite, Bt; biotite, Pl; plagioclase, K-
fel; K-feldspar).
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Fig. 2 Photomicrographs showing (a) strong undulatory
extinction of quarz grains in granite, (b) undulatory exti-
nction of quartz grains and finely crushed quarz in
gneiss and (¢} cryptocrystalline quartz and volcanic glass
in siliceous mudstone, (UE Qw; quarz with undulatory
extinetion, Mus; muscovite, Bt; biotite, PI; plagioclase, K-
fiel; K-feldspar).



Fig. 3. (a) Sidewalk concrete block being made of reactive
crushed aggregates of granite and gneiss containing disto-
rted quartz about 5 years ago. (b} and (c): Concrete em-
bankment being made of natural aggregate composed of
mainly granite and gneiss about 10 years ago. White ma-
terial is Na-silica gel as a reaction product.
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