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Introduction

Bryant Mather (1), McConnell, Mielenz, et al (2), (3), and Krogh (4)
provided optical or chemical data or both on alkali-silica reaction
products. Poole (5) reported electron-probe spot-microanalyses within
rims developed on the Beltane opal in specimens containing high-alkali
cement, stored at 40°C over water for periods up to 28 days. He found
that in a specimen examined after 28 days at 40°C, containing cement with
6Z NaCl added at the time of manufacture, there was 45.77% Ca0 in the
reaction-rim material close to the cement interface. In the specimen
examined after 7 days at 40°C containing cement with 2% NaCl added during
manufacture there was 54.06% of Ca0 in the reaction-rim material close to
the interface. In both specimens calcium had moved through the reaction
rim into the opal. These electron-probe microanalyses clearly show the
mobility of calcium into the alkali-silica reaction product.

We have collected X-ray diffraction and light microscope data and
made chemical analyses of reaction products from six different concretes
affected by alkali-silica reaction. We have only four chemical analyses
of the reaction products from these six concretes but we believe that the
chemical analyses are reliable because every sample was hand-picked by a
geologist or a chemist who knew how to recognize alkali-reaction product
and understood that it was better to have a small pure sample than a larger

contaminated one.

Age of Specimens

Five of the concretes came from structures ranging in age from 24 to
40 years when the samples were taken. The sixth sample was from a concrete
beam prepared in the Concrete Laboratory and stored in seawater near
St. Augustine, Florida, for about 2 years. A sample of reaction product
from this concrete was examined when the beam was about 3 years old. A
fresh reaction product sample, obtained from the beam after an additional
20 years of storage in laboratory air, was examined by X-ray diffraction.
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Reactive Aggregates

The aggregates believed to be reactive in these concretes included
three distinct groups. They were: opal; mixtures of quartzite and

quartz with or without chert; and granite gneiss.

X-Ray Diffraction Data

Table 1 shows the X-ray diffraction data for eight samples from the
six concretes. There are eight samples because three recognizably dif-
ferent types of gel from the Charleston dry dock (6) concrete were
examined separately. X-ray diffraction spacings believed to be due to
impurities such as quartz or forms of calcium carbonate are shown in
Table 1 with the spacings underlined. The data suggest several dangers
and possibilities:

a. We can only comment where we have optical information as well
as X-ray diffraction information or several X-ray diffraction patterns on
how many phases may be present in the samples, leaving out obvious impu-
rities and characteristic secondary reaction products such as calctite, :
vaterite, and aragonite. We suspect that most of the '"gel" reaction
products are mixtures of amorphous alkali-silica gel and slowly crystal-
lizing calcium-silicate hydrates that may contain some alkali.

b. Only the gel from the youngest concrete, about 3 years old,
with opal as the reactive constituent (7) was amorphous to X-rays. The
gel was still amorphous although some calcite, vaterite, and aragonite
had formed when a new specimen was examined by X-ray diffraction after
20 more years of storage in laboratory air.

c. The crystalline materials in the other reaction product samples
may consist of three phases. One has long spacings at 0.132 and 0.122 nm.
A second has a long spacing at 0.113 to 0.115 nm. The third and most
abundant type has a 0.105-to 0.108-nm spacing. All three phases appear in
the samples from the Charleston dry dock.
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d. An 0.85- to 0.88-nm spacing occurs in five of the seven partly
crystalline samples. It is associated with the 0.113- to 0.115-nm peak in
two of these cases and with the 0.105- to 0.108-nm peak in two others.

This association may mean that the 0.105- to 0.108-nm and the 0.113- to
0.115~nm peaks represent one phase with a variable long spacing and an
0.8%-nm spacing. Absence of a longer spacing with the 0.86-nm peak in
one case may indicate a situation like that in CSH(I) where the long
spacing does not always appear. The 0.85- to 0.88-nm peak may arise from
an altogether different phase. This second possibility is considered
probable.

The identification of the crystalline materials in the partly crystal-
line gel from the several concretes is uncertain. A thorough effort to
identify the spacings in the diffraction charts of the gel from the New
Savannah Bluff Lock and Dam concrete (9) with reactive granite gneiss
coarse aggregate led to the possibility that the 0.105- to 0.108-nm material
might be jennite (9) or a CSH(II) (14), and the 0.85- to 0.88-nm material
tricalcium-silicate hydrate (9). No alkali silicate hydrates fitted.
Tricalcium-silicate hydrate has been prepared by autoclaving at 200°C
and is not known to have been reported from normal ambient temperature
material. However time may proxy for temperature in some reactions, and
it may be easier for a calcium-silicate hydrate to crystallize within an
amorphous flexible alkali-silica gel than in a cement paste. Table 1 does
show in almost all the samples the three familiar spacings at 0.307, 0.282,
0.182-nm, that appear in well hydrated cement paste. However in these
patterns there are many other lines, usually representing substances less
crystalline than quartz (the universal contaminant) but as well crystallized
as most of the constituents of anhydrous portland cement.

These diffraction patterns show a gel-like hump, suggesting'that the
important part of the compositions including Nazo, xzo, part of the SiOz,
and part of the water remain as gels or the equivalent to hydrated glasses.

If Table 1 contains items that seem recognizable to people who see it,

we would very much appreciate some discussion from any of them.




Light Microscopy and Chemical Analyses

The light microscope and chemical results in Tables 2 and 3 complete
the information that we have on the reaction products in these six con-
cretes affected by alkali-silica reaction. We always look for gel in
concrete suspected of alkali-silica reaction since if gel is present it is
unequivocal evidence that the reaction took place, and therefore have con-
siderable familiarity with appearance of gel in immersion mounts in plane
light, and with crossed polarizers, and have determined a number of
indices of refraction of gel. We are also very familiar with gel viewed
using the stereomicroscope. We also usually analyze the reaction products
to assure that they contain considerable SiO2 and some alkali. No determina-
tion of alkalies was made on the samples from Oliver Lock probably because

we did not yet have a flame photometer.
Conclusions

Our tentative conclusions are as shown below. It appears that alkali-
silica reaction product in its early stages contains very little calcium,

a high concentration of silica, and more total alkali than calcium (Table 3,
Beam 1850). Calcium moves into the product from the large supply available
in the cement paste and calcium hydroxide, but moves at varying rates over
unknown distances. Examination of concrete thin sections, comparing sec-
tions of normal concrete and that affected by alkali-silica reaction, shows
that crystalline Ca(OH)2 is depleted in parts of the mortar where reaction
has proceeded.

Ultimately, at ages in field structures at least as low as 24 years
(Table 1, Charleston Naval Dry Dock No. 2) complex products develop. They
include products giving X-ray diffraction spacings that suggest that part
at least of the products is related to CSH(I) (13) and possibly to CSH(II)
(14). CSH(I) and CSH(II) both have variable long spacings. It may be a
consequence of the composition of these complex, probably mixed, products
that they differ from sample to sample in their crystalline parts but
share a family resemblance. This similarity which exists regardless of
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the type of reactive aggregate, with the possible exception of opal,
suggests that the same mechanism is involved in five of the cases discussed
here. This in turn suggests that division of silica bearing aggregates
into those that participate in the alkali-silica reaction and those that

participate in an alkali-silicate reaction may be a misleading practice.
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Table 2
Light Microscope Data on Alkali-Silica

Reaction Products from Six Concretes*

Source of Gel Description of Gel

Fort Meade (8) Clear to brownish in plane light. With crossed
polarizers, crystalline material black, gray,
and white in a texture like finely granvlar
chert. Amorphous material also present.

n < 1.520
New Savannah Bluff Apparently crystalline with crossed polarizers,
Lock and Dam (9) texture like finely granular chert.

n = 1.460 - 1.500

Oliver Lock (10)(11) White to translucent bluish, laminated, often
with shrinkage cracks, brittle where dry.
Also in pockets and lining cracks, clear to
translucent, rubbery to brittle; usually the
outer shell of the lining if two varieties
are present in one void. By microscope, there
were three varieties: with crossed polarizers
one anisotropic, with aggregate polarization,
low birefringence, and wavy extinction with a
misshapen black cross as in strained glass; the
second with crossed polarizers had a very fine-
grained pepper and salt appearance resembling
chert or fine grained calcium hydroxide; the
third variety was clear, isotropic, with fewer
inclusions than the other types. Ranges of
indices of refraction: pepper and salt type
n =1.478 to n = 1.511; in the type with aggre-
gate polarization n = 1.480 to n = 1.502;
isotropic gel formed after the cores were drilled
n=1.465 ton = 1.487. The 1976 samples were
similar,

Fontana Dam (12) Semicrystalline; first order gray birefringence
in crossed polarized light. n < 1.480

Salt and pepper type in crossed polarized light.
1.482 > n < 1.502

Alternating growth layers of clear and of tan

translucent gel; some of the clear material is
amorphous. 1.480 > n < 1.520

(Continued)
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Table 2 (Concluded)

Source of Gel

Description of Gel

Charleston Dry Dock (6)
Gel from 1/4-in. void

Tan layered gel

Composite

Beam 1850 (7)

Tranéparent in plane light, crystalline salt
and pepper texture with crossed polarizers.
n about 1.494

Layered structure with fibers normal to layers;

fibers appear to be uniaxial +; 1.510 < n <
1.544

Amorphous and crystalline material in clear
and brownish fragments.

Amorphous with 1.460 < n < 1.500

* See Table 1 for type of aggregate.
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In accordance with letter from DAEN-RDC, DAEN-ASI dated
22 July 1977, Subject: Facsimile Catalog Cards for
Laboratory Technical Publications, a facsimile catalog
card in Library of Congress MARC format is reproduced
below.

Buck, Alan D

Alkali-silica reaction products from several concretes:
Optical, chemical, and X-ray diffraction data / by Alan D.
Buck, Katharine Mather. Vicksburg, Miss. : U. S. Waterways
Experiment Station ; Springfield, Va. : available from Na-
tional Technical Information Service, 1978.

9, c61p. : 27 cm. (Miscellaneous paper - U. S. Army Engi-
neer Waterways Experiment Station ; C-78-7)

Prepared for Office, Chief of Engineers, U. S. Army, Wash-
ington, D. C. *

CTIAC Report No. 31.

References: p. 8-9.

1. Alkali silica reactions. 2. Chemical analysis. 3. Concretes.
4. Gels. 5. Light microscopy. 6. X ray diffraction. 1. Mather,
Katharine, joint author. II. United States. Army. Corps of
Engineers. 1III. Series: United States. Waterways Experiment
Station, Vicksburg, Miss. Miscellaneous paper ; C-78-7.
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