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ABSTRACT : Cracks in the concrete structure are known to develope by various
mechanisms, including an alkali—aggregate reaction. The alkali—silicate reaction between
aggregates and cement is studied using polarized microscope, electron probe microanalyser and
electron microscope. Metamorphosed, biaxial quartz and feldspars grains appear to have reacted
readily with alkali from cement. For a given mineral, fine—grained minerals tend to react
readily over the coarse—grained ones. A chemical analysis shows that the elements K, Na, Ca,
and Si migrated, in most cases, from the portion of high concentration to the low. Some clay
minerals, including smectite and illite are newly formed as one of the reaction products. The
continual expansion and shrinkage of the expandible clay minerals, probably due to repeated
absorption and loss of water within the structure, plays an important role in the development of
cracks within the concrete structure.
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Table 1. Chemical composition of the normal Portland cements (Type I) manufactured in Korea

(The Korea Ceramic Society, July, 1987). (wt.%)

Si0. | ALO: | Fe:| CaO | Mg0 | SO, |Igloss| NaO | KO RO

A | 2078 | 551 | 320 | 6308 | 267 | 245 | 107 | 009 | 114 0.84

a| 2015 609 | 320 | 6303 | 294 | 193 | 133 | 017 | 094 0.79

B | b| 2178 | 571 | 306 | 6156 292 | 228 | 084 | 010 | 138 1.00
¢ | 2041 | 58 | 328 | 6263 | 285 | 261 | 140 | 013 | o091 | 073 |

C | 2153 520 | 393 | 6276 | 253 | 207 | 084 | 009 | 098 0.74
D | 2168 | 58 | 339 | 6207 | 244 | 215 | 106 | 009 | 105 | 078 |

E | 2177 590 | 344 6143 | 281 | 225 | 112 | Ol | 097 0.74

F | 2150 | 580 | 325 | 5956 | 374 | 267 | 172 | 019 | 126 1.02

G | 2000| 620 | 309 | 6175 | 351 | 207 | 112 | 029 | 097 | 093

H | 2018 | 580 | 333 | 6199 | 293 | 228 | 117 | 014 | 107 0.84

* Manufacturing Co. cannot be designated by the request of supplier.

Fig. 1. Concrete deterioration of wall (A) and pavement blocks (B) due to alkali—aggregate reactions.
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Fig. 2. Various types of alkali—aggregate reactions. (A) pseudoreplacement type: Orthoclase is intensely
replaced by gel material; (B) rim type: Microcline is replaced along its border and microfractures; (C) corrosion type:
Quartz shows discriminative corrosion; (D) vein type: Orthoclase is altered along its fractures; (E) relics type: Part of
quartz grain is remained as relics in gel material; (F) grid type: Quartz shows irregular replacement as gridiron.
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Fig. 3. Microphotographs suggesting the area of X-—ray emission image (X.E.L) and the spots of microprobe
analysis. A: The square for X. E. L. and sport 1 to 5 for E. P. M. A.. B, C and D: solid circle at non—reaction zone and

cross at reaction zone for E. P. M. A..

Table 2. E.P.M.A. data of alkali—quartz reaction illustrated in Fig. 3A. (wt.%)
i Quartz Reaction zone (@) Cement
Element
L Q 1 | 2 [ 3 | 4 | 5 | av paste
| SiO: 99.62 7148 68.07 64.20 63.89 6248 6722 20.50
TiO; 0.00 0.00 0.07 0.02 0.00 0.04 0.13 0.00
Al:0; 0.02 210 16.59 18.28 1835 23.34 17.73 6.10
FeO 0.00 0.02 0.00 0.00 0.05 0.01 0.02 310
MnQO 0.01 000 Q.16 0.00 003 0.00 0.04 0.00
MgO " 000 0.00 0.00 0.00 0.00 0.00 0.00 3.10
CaO 0.04 0.14 0.08 0.07 0.08 4.97 1.07 62.90
Na:0 0.02 0.38 0.64 0.70 0.71 8.21 213 0.13
K0 0.01 9.02 1393 16.11 15.77 0.09 10.98 0.36
BaO 0.00 024 0.39 033 0.38 0.05 0.28 0.00
S0; 0.00 0.00 0.00 0.00 0.00 0.00 0.00 240
Total 99.72 99.40 99.93 99.71 99.26 99.19 99.60 99.09
E 0.03 6.31 9.80 11.30 11.09 8.27 9.35 0.70
% R =% NaO + 0658 x %K:0
T2l 5 %o Hol K, Na AR Ao HAe€ € & At Siy R¥EE 4% H9%
XY 3Fe ol ou AMEZNE FEY  PuoE BerEod 94 22980 B
fdomg wgREd Yy AWE AR Hed whgo] Az upgt ghgo]l AR Ed Si
e o AAEd Urtd Fuo B4 2L 9 ol A2S T 4 Uk
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Fig. 4. Microphotographes of X —ray emission images for alkali—quartz reaction. A: The same site as the square
illustrated in Fig. 3A, B: K distribution; C: Na distribution; D: Si distribution.
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Table 3. EPM.A. data of alkali—quartz reaction illustrated in Figs. 3B, C and D. (wt.%)
{ Pure Reaction zone (+) Cement j
Element Quartz —
} Quartz B Quartz C Quartz D
f SiO; 99.62 63.59 6351 64.99
‘ TiO» 0.00 0.00 001 0.02
ALO; 0.02 2236 2236 19.44
| FeO 0.00 0.05 0.1 030 3.10
| MnO 0.01 001 0.00 0.00 0.00
| Mgo 0.00 0.00 001 009 3.10
[ Ca0 0.04 3.63 391 127 62.90
| Na0 0.02 9.10 9.26 10.69 0.3
i € 001 0.08 007 0.67 0386
~ BaO 0.00 0.04 0.09 0.00 0.00
Lsos 0.00 0.00 0.00 | o 1240
| Total 99.72 98.86 L99.33 97.47 99.09 n
| RO 0.03 9.15 931 1113 07
(wt.%) 7+ J8(K, Si, Ca) #HALA L Figs. 7B, C, D
100 of &% yehusith Fig. 6A9 24 & » %3
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of quartz (data from table 2) showing incr-easing or
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Fig. 6. Microphotographs suggesting the area for X —ray emission image (A) and the spots of solid circle (non—
reaction zone) and cross (reaction zone) for E.P.M.A. on orthoclase (A) and microcline (B).

Fig. 7. Microphotographs of X—ray emission image for alkali—orthoclase reaction. A: the same site as the
rectangle illustrated in Fig. 6A; B: K distribution; C: Si distribution; D: Ca distribution.
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Table 4. E.P.M.A. data of alkali—alkali feldspar reaction illustrated in Fig. 6A and B. (wt.%)
Pure feldspars (@) Reaction zone (+)
Element - — — C:;?em
or A Mi B or A Mi B paste
Si0; 64.67 63.63 59.69 62.52 20.50
TiO: 0.05 0.00 0.01 0.03 0.00
AlO; 18.82 17.26 17.48 20.34 6.10
FeO 0.06 0.00 023 0.14 3.10
MnO 0.03 0.01 0.07 0.02 0.00
MgO 0.00 0.00 0.14 0.05 3.10
CaO 0.13 0.02 716 3.63 62.90
Na O 1.05 0.46 0.08 9.71 013
K:0 15.09 16.41 12.18 0.12 0.86
BaO 1.62 0.01 1.65 0.01 0.00
SO; 0.00 0.00 0.00 0.00 1 240
Total 101.52 97.88 98.69 96.57 99.09
| RO 1097 1125 8.08 9.78 069 |
Or : orthoclase, Mi : microcline
= Table 40, 28] o] & A& wSHA o
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Fig. 8. Compositional change in the reaction
zone of alkali feldspars(data from Table 4) showing
Increasing or decreasing trends.
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Fig. 9. Microphotographs suggesting the area for X —ray emission image (C) and the spots of solid circle (non
reaction zone) and cross (reaction zone) for E. P. M. A. analysis on plagioclases.

Fig. 10. Microphotographs of X—ray emission image for alkali—plagioclase reaction. A: the same site as the
rectangle illustrated in Fig. 9C; B: K distribution; C: Ca distribution; D: Si distribution.



Table 5. E.P.M.A. data of alkali—plagioclase reaction illustrated in Figs. 9A, B, C and D. (wt.%)
,r Pure plagioclase (@) Reaction zone (+) Cement
| Element : paste
PLA ] PLB J PIC ‘ PLD Pl.AT PLB l PLC [ PLD
5'5i02 65.48 50.48 6127 55.84 6489 4660 59.63 57.25 20.50
TiO, 0.00 0.00 0.00 0.00 0.00 1.07 0.05 0.00 0.00
ALO;| 2713 . 3084 24.05 27.29 27.60 26.51 24.09 26.66 6.10
FeO 0.06 0.05 0.01 0.05 0.03 5.81 0.88 0.03 3.10
. MnO | 004 0.00 0.03 0.04 0.02 0.06 0.06 0.00 0.00
| Mgo 0.00 0.00 0.00 0.02 0.01 391 0.35 0.00 3.10
| Ca0O 0.3 1521 5.92 1037 0.1 1329 458 941 62.90
NaO | 556 327 8.66 596 1.49 0.05 5.57 0.08 0.13
K0 0.09 0.08 0.1 0.09 442 200 421 6.41 0.86
BaO 0.09 0.00 0.00 0.08 0.05 001 036 0.00 0.00
SO; 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.40
Total | 98.58 99.93 100.05 99.74 98.62 9931 99.78 99.84 99.09
RO 562 332 8.73 6.02 4.40 137 8.34 430 0.70
Pl: plagioclase
Ago ADERFA o7t g2 wtd g R e
(w.%) AME A AA UEdh Si 4L WS
100 FRAA 7t A AME FEoME Y
N Mid-position I Hor AL 4g 2t
ER Figs. 94, B, C 2 Dol EA® #eH(e4d
- ! AR AR BA(FSAEA) ] dE AR
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